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Abstract 

Sea bass (Lateolabrax maculatus) has been used for dietary therapy practice 

in China. In traditional Chinese medicinal books, it has been indicated that sea 

bass can be applied for managing many inflammation associated conditions. 

However, the studies on the pharmacological mechanisms of anti-inflammation of 

sea bass remain scarce. Hence, this study aims to illustrate the pharmacological 

and chemical basis for the folk use of sea bass in managing inflammation- 

associated conditions. 

For in vivo studies, dietary effect of sea bass on inflammation-associated 

conditions in ulcerative colitis, skin wounds, and intestinal dysbiosis were 

evaluated. A series of inflammatory mediators associated with wound healing and 

ulcerative colitis, and the proliferation effects of fibroblasts upon treatments were 

studied via Western blotting, enzyme-linked immunosorbent assay (ELISA), 

hematological parameters, histopathological and Immunofluorescence analysis, 

using cutaneous wound model and DSS induced colitis model, respectively. 

β-diversity analysis and species variance statistics were conducted to evaluate the 

effect of ASB on the microbial communities with colitis and discovered the high 

dimensional biomarkers. Results showed that ASB could significantly ameliorate 

several pathophysiological and morphological features in DSS induced colitis. 

ASB has a potential in accelerating the proliferation phase of wound healing via 

well-organized abundant collagen deposition, angiogenesis, strengthening the skin 

contraction and skin organ maturation in wounds. Moreover, the study also found 

that ASB could significantly down-regulated the expression levels of 

inflammatory associated mediators in colitis and skin wound. Additionally, 

principal coordinate analysis (PCoA) and relative abundance at phylum level 

among groups were indicated that ASB possess a potential amelioration on 

intestinal dysbiosis in colitis. Histogram of linear discriminant analysis (LDA) 

scores and Cladogram as the results of LEfSe analysis identified that 

Christensenellaceae might be treated as the the biomarker for treating colitis.  

For in vivo studies, macrophages and fibroblasts were used for further 

evaluation. Result showed that ASB could significantly inhibited the production 

of pro-inflammatory mediators in lipopolysaccharide (LPS) induced macrophages. 

The mRNA and protein expression level of inflammatory associated mediators 

were significantly down-regulated upon ASB treatment. Moreover, results also 

suggested that ASB treatment has a closely link to accelerate the wound healing 

through migration and proliferation enhancement.  

Furthermore, the characterization of the aqueous extract of sea bass (ASB) 

was conducted. Six kinds of peptides and two protein identified from fraction F1 

by LC-QE-HF-MS might be responsible for anti-inflammatory activity. It 

confirmed that Fraction F1 could be treated as the main component for 

contributing the potential anti-inflammatory activities to ASB. Current results 

illustrated that fraction F1 (<10 kDa) is a kind of nanoparticles with stability 

separated from ASB. It can be treated as a promising candidate for treating 

inflammation associated conditions, providing the chemical basis for the folk use 

of sea bass in managing inflammation-associated conditions.   

Current studies established a pharmacological and chemical basis for the folk 

use of sea bass in managing inflammation-associated conditions. A further 

justification for the clinical application of sea bass in treating inflammation 

associated conditions is necessary. 
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Chapter I  

Literature Review 

1.1. Health benefits of fish 

Consumption of fish is popular in human daily meal. Fish is also well known to be rich 

in polyunsaturated fatty acids with functional effects (Zuraini et al., 2006). It has been studied 

that dietary supplement with fish benefit for treating many inflammatory – associated 

conditions, such as cardiovascular disease, ulcerative colitis and hyperlipidemia (Stenson et 

al., 1992; Wang et al., 2006; Eslick et al., 2009; Siscovick et al., 2017). In addition, reports by 

Zuraini et al. (2006) and Je et al. (2005) showed that fish protein hydrolysates and peptides 

have been commonly investigated for antioxidant activities. Fish hydrolysates are the 

breakdown products of the conversion of fish proteins into smaller peptides with functional 

effects. The different functional effects were closely linked to the amino acids and their 

sequences (Chen et al., 1998). The molecular weight of the peptide fractions ranging from 270 

to 1800 Da were reported the anti-oxidative activity (Chalamaiah et al., 2012). To date, the 

investigation of meat was more focus on the appearance and sensory, lacking of the 

consideration on therapeutic effect of animal meat. The proportion of ocean and land in the 

world was approximately 7:3, indicating that the ocean source was huge with unpredictable. 

Therefore, research on fish is expected to be brilliant due to the fish market is expanding 

enormously in the world (Tacon and Metian, 2008; Chalamaiah et al., 2012). Taken together, 

fish is a kind of meat in ocean and fresh water, essential for bioactive investigation. However, 

the pharmacological analysis of fish remains scarce. (Chalamaiah et al., 2012).  

Fish has potential therapeutic efficacy as complementary medicine. Numerous studies 

suggested that fish and fish derived products could be a promising candidate for many health 



 2 

promoting effects, such as anti-oxidation, anti-inflammation, wound healing, neuro-protection, 

cardio-protection, hepato- protection properties. Some of the health benefits of fish are 

described below. 

Inflammation is a kind of defense reaction in response to various stimuli. Generally, it 

appears in human body while the cell or tissues suffer injuries. Monocytes and macrophages 

are the vital part of the innate immune system. Macrophages, take the main responsibility in 

the regulation of the innate immune system, are critical in the initiation, maintenance, and 

resolution of inflammation (Liu et al., 2017; Pham et al., 2017). Additionally, antigen 

presentation, phagocytosis, and immunomodulation were the main functions of macrophages 

in inflammation by the production of various cytokines and growth factors (Fujiwara and 

Kobayashi., 2005). Therefore, the discoveries of anti-inflammatory activities were commonly 

studied underlying the understanding of macrophages. Many reports have indicated that 

inflammation in macrophages is closely linked to the activation of TLR4 signaling (Chen et 

al., 2014; Cheng et al., 2014; Du et al., 2017). In addition, NF-kB and AP-1 are the typical 

pathways in TLR4 signaling which are associated with the inflammation triggered by the 

innate immune system (Delhase et al., 2003; Ahn et al., 2015a). 

To date, the anti-inflammatory activities of fish was lack of systematic investigation, 

only a few studies were reported. However, as mentioned before, numerous studies indicated 

that fish possesses positive effects in anti-oxidative activities. Moreover, many researchers 

reported that the substances with antioxidant activities were accompanied with the 

anti-inflammatory activities (Kim et al., 2018; Lazaro et al., 2018; Moon et al., 2019). Fish 

also exhibited a high potential in anti-inflammatory activities. Numerous reports were based 

on the in vitro investigation for evaluating the anti-inflammatory activities. Report by Cheng 
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et al. (2015) showed that the hydrolysates from tuna cooking juice exhibited 

anti-inflammatory activities. It was evaluated through the determination of the secretion of 

cytokines IL-2, TNF-α, IFN-γ in the culture of macrophages. Additionally, dietary fish with 

rich fatty acids were identified to have potential in anti-inflammatory properties (Maroon and 

Bost, 2006; Wall et al., 2010). Study by Ahn et al. (2015a) showed that tripeptide from 

salmon also possessed anti-inflammatory effects by inhibiting NO production and 

pro-inflammatory cytokines in the culture of LPS-induced macrophages. Moreover, in vivo 

studies also indicated that anti-inflammatory effects were found upon commercial fish oils 

treatments, exhibiting the inhibition of pro-inflammatory cytokines TNF-α, IL-6, IL-1β in 

macrophages from mice (Bhattacharya et al., 2007).  

1.2. Sea bass 

Sea bass (Lateolabrax maculatus) is a kind of fish with high nutritional values (Liu et al., 

2016; Wong et al., 2017). It mainly distributed in the coastal areas of China and Japan, 

including East China Sea, Yellow Sea, Bohai Sea and Japan Sea. Sea bass is able to disperse 

over a long distance. It is an economically important cultured fish species in the China and 

Japan. Sea bass could live in both freshwater and brackish water. For brackish water sea bass, 

Baijiao sea bass located in Zhuhai will be treated as one of the representative species. As a 

local product, Baijiao sea bass has been titled as a geographical indication of local famous 

product of Zhuhai (Fig. 1). Traditional Chinese medicinal books documented that sea bass can 

be used to manage inflammation-associated conditions (Luo, 2006). However, the mechanism 

of action of sea bass remains unclear.  
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Figure 1. Geographical indication of Baijiao sea bass in Bai Jiao Town, Doumen, Zhuhai, 

China. 

1.3. Inflammation 

Inflammation is the basis of plenty of pathological human diseases and takes important 

roles in complex immune system (Winyard and Willoughby, 2003; Jang et al., 2016). 

Therefore, inhibition of inflammation deems very important in the skin wound healing. For 
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the mechanism study of inflammation, macrophages have already been studied as a key factor 

in the progression of tissue inflammation (Li et al., 2015; Wang and Zhang, 2015; Liu et al., 

2017b). The RAW 264.7 macrophages are commonly used as cell model for inflammation 

investigation (Hsu et al., 2013; Jang et al., 2016; Pham et al., 2017). For inflammatory 

responses, NF-κB is one of the common pathways in TLR4 signaling that it has already been 

discovered (Delhase, 2003). Myeloid differential protein-88 (MyD88) is an adaptor protein in 

IL-1/Toll-like receptors family pathways (Schenten et al., 2014). TNF receptor associated 

factor 6 (TRAF 6) is a signal transducer in TLR4 signaling, a report by Deng et al. (2000) 

showed that it could activate IκB kinase in response to pro-inflammatory responses. Suzuki et 

al. (2002) reported that interleukin-1 receptor-associated kinase-4 (IRAK-4) played an 

essential role in innate immunity. Many researches showed that the degradation of 

phosphorylation of Akt, IκBɑ and the translocation of p50 and p65 heterodimer were the 

critical processes for NF-κB activation in response to various stimuli (Barrientos et al., 2008; 

Chun et al., 2012; Cheng et al., 2015). MyD88, TRAF6, IRAK-4, c-Jun, c-Fos, Akt, IκBɑ, 

p50 and p65 were the mediators in TLR4 signaling. Moreover, the secretions of TNF-α, 

COX-2, iNOS, and NO production were the important inflammatory mediators in TLR4 

signaling in inflammatory responses. TNF-α is a pleiotropic cytokine and an important 

mediator of inflammation (Kumar et al., 2017). The inhibition of TNF-α secretion in LPS 

induced macrophages results in anti-inflammation (Wu et al., 2017). COX-2 and iNOS are the 

important enzymes in the regulation of inflammation and certain types of human cancers 

(Seibert and Masferrer, 1994). NO production is a kind of inflammatory mediators in 

macrophages with cytotoxicity and synthesis by iNOS (MacMicking et al., 1997). 

Additionally, myeloperoxidase (MPO) was identified as a new biomarker of inflammation, 
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mainly store in neutrophils and macrophages (Loria et al., 2008). It is a kind of enzyme that 

can be applied for identifying the degree of inflammatory infiltration in wounded area 

(Chereddy et al., 2013). 

1.4. Wound healing 

Skin as an important part of human body, the primary function is to serve as a protective 

barrier against environmental insult (Singer and Clark, 1999). Cutaneous wound as a kind of 

skin injury and tissue damage which may induce hyper-inflammation. Chronic wounds even 

will lead to delayed union, ulcer, bacterial infection or complications (Singer and Clark, 1999; 

Boateng et al., 2008). So the discoveries of wound healing mechanisms are necessary which 

could benefit for treating many wound associated conditions, such as ulcers and diabetes 

(Boateng et al., 2008; Gallagher et al., 2015; Moura et al., 2014). In addition, it has been 

reported that wound healing was a complex process involved five main steps, including 

haemostasis, inflammation, proliferation, re-modelling and scar formation (Holbrook, 1991; 

Kasuya and Tokura, 2014).  

Wound healing is an utterly complex process, including a series of interlocking 

biological reactions (Landen et al., 2016). Mechanisms on inflammation and proliferation 

during skin wound healing will be focused in this study. For inflammation phase, it includes 

the activation of innate immune system. During this phase, monocytes and neutrophils will 

migrate to the skin wound for concurrent with haemostasis (Landen et al., 2016). The 

existence of inflammation is very common in wound healing phases. However, 

hyper-response or prolonged inflammation will lead to delayed union which harmful for many 

associated diseases (Goodson and Hunt, 1977; Fahey et al., 1991). Inflammation is the basis 

of plenty of pathological human diseases (Winyard and Willoughby, 2003). Besides that, 
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inflammation is taking important roles in complex immune system (Jang et al., 2016). Many 

studies reported that chronic inflammation plays important role in inducing cancer and wound 

healing (Wu et al., 2014; Li et al., 2015; Wang and Zhang, 2015). So inhibition of 

inflammation deemed very important in the skin wound healing. For the mechanism study of 

inflammation, macrophages have already been studied as a key factor in the progression of 

tissue inflammation (Liu et al., 2017). RAW 264.7 macrophages are commonly used as cell 

model for investigation (Hsu et al., 2013; Jang et al., 2016; Pham et al., 2017). For 

inflammatory responses, nuclear factor-κB (NF-κB), activator protein 1 (AP-1), and 

interferon regulatory factor 3 (IRF-3) are the common pathways in TLR4 signaling which 

have already been discovered (Delhase, 2003; Ahn et al., 2015b; Cheng et al., 2015).  

During proliferation phase, re-epithelialization, angiogenesis and granulation tissue 

forming are major skin restoration during skin wound healing. Re-epithelialization takes 

responsibility for wound recovery via migration and proliferation of keratinocytes. It could be 

stimulated by related wound signals, including nitric oxide, cytokines and growth factors (Liu 

et al., 2017). For nitric oxide, it mainly synthesized by macrophages in inflammation. So 

slight inflammation is necessary and benefits for wound healing. For angiogenesis, new blood 

vessel formation and building up network of skin vessels are the key processes for wound 

repair. It can be initiated by the growth factors which were high response in fibroblasts, e.g., 

vascular endothelial growth factor (VEGF) and palatelet-derived growth factor (PDGF) 

(Barrientos et al., 2008; Liu et al., 2017). In addition, fibroblasts play a central role in the 

formation of granulation tissue. It is important for restoring function and structure for 

replacing extracellular matrix (ECM) components formed in haemostasis phase. Migration 

and proliferation of fibroblasts are the critical points for driving wound healing. Fibroblasts 
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migrate from the wound edge to the injured region for responding the cytokines and growth 

factors which secreted from platelets and macrophages, e.g. PDGF, transforming growth 

factor-β (TGF-β) (Barrientos et al., 2008; Walter et al., 2010). At the meantime, fibroblasts 

start proliferating for filing up the wound gap. The mechanisms of skin wound healing are 

very complex and link to a series of biological responses. Transition from inflammation to the 

proliferation phase treated as the critical step in wound repair which will be investigated in 

this study. 

1.5. Ulcerative colitis 

Inflammatory bowel disease (IBD) is mainly defined as Crohn’s disease and ulcerative 

colitis (UC). Crohn’s disease may affect any part of the digestive tract, from the mouth to the 

anus with diarrhea, abdominal pain. Ulcerative colitis (UC) mainly presents in the rectal and 

colonic mucosa and is accompanied by weight loss, diarrhea, abdominal pain, rectal bleeding. 

This kind of uncontrolled gut inflammation affects millions of individuals in the world 

(Larrosa et al., 2009). The pathogenesis of IBD remains unclear due to lack of investigation. 

Previous reports suggest that the products of gut microbiota could positively affect the 

pathogenesis of inflammation-associated diseases (Mazmanian et al., 2008; Wen et al., 2008). 

Gastrointestinal tract provides residence to both beneficial and potential pathogenic 

microorganisms. The imbalance in the microbiota composition might worsen the dysbiosis in 

the inflamed gut (Mazmanian et al., 2008). Due to the immune modulatory role of gut 

microbiota, sea bass is hypothesized to have beneficial effects on the host immune response 

and amelioration of intestinal inflammation. Moreover, the dextran sulfate sodium (DSS) 

model resembles UC in several pathophysiological and morphological features, including the 

production of pro-inflammatory cytokines, crypt damage, focal inflammation infiltration and 
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ulceration (Hakansson et al., 2015). Generally, colitis is induced chemically in this model by 

adding DSS to the drinking water of mice. It mainly affected the distal colon, some 

inflammatory responses appeared even in the proximal colon and caecum. The outcome of 

this model may be affected by the genetic background of the animals, environment, and the 

DSS concentration (Mazmanian et al., 2008; Hakansson et al., 2015). Additionally, body 

weight, feed consumption and colon length were treated as an indication of the disease 

severity in the DSS-induced model (Heinsbroek et al., 2015; Chen et al., 2017; Zhu et al., 

2017). Therefore, DSS-induced colitis model is used to study the efficacy of aqueous extract 

of sea bass (ASB) in managing inflammation-associated conditions (colitis). Toll-like receptor 

4 (TLR4) signaling, one of the important mechanisms for inflammation, is a key receptor for 

commensal recognition in gut innate immunity (Cui et al., 2014). It was the subject of target 

inhibition in ulcerative colitis (UC) (Cui et al., 2014; Kim et al., 2014). Moreover, AP-1 and 

NF-κB were treated as the critical and classical pathways in TLR4 signaling. Many 

researchers have already elucidated that over-expression of TLR4-linked AP-1 or NF-κB was 

typical in inflamed colonic tissue (Kim et al., 2014; Yan et al., 2018). Therefore, it is 

necessary to evaluate the effects of TLR4 signaling in DSS-induced colitis for studying UC in 

detail. 

1.6. Purification and separation of peptides  

Bioactive activities of protein generated from various source have been attracted high 

attention. The peptides from marine organisms (Kang et al., 2015), tuna cooking juice (Cheng 

et al., 2015b), sandfish (Jang et al., 2016a) have been shown to exhibit anti-infection, 

anti-inflammation, and anti-oxidation, respectively. Inflammation is the basis of plenty of 

pathological human diseases and plays a vital role in complex immune system (Winyard and 



 10 

Willoughby, 2003; Jang et al., 2016). Therefore, inhibition of inflammation is deemed very 

important. For the mechanism study of inflammation, macrophages have already been studied 

as a key factor in the progression of tissue inflammation (Li et al., 2015; Wang and Zhang, 

2015; Liu et al., 2017b). The RAW 264.7 macrophages are commonly used as cell model for 

inflammation investigation (Hsu et al., 2013; Jang et al., 2016; Pham et al., 2017). Moreover, 

NO production is a kind of inflammatory mediators in macrophages with cytotoxicity and 

synthesis by iNOS (MacMicking et al., 1997). It was the important inflammatory mediators in 

TLR4 signaling in inflammatory responses. The inhibition of NO production in LPS induced 

macrophages results in anti-inflammation (Cheng et al., 2014; Wu et al., 2017).  

Fish hydrolysates are the breakdown products of the conversion of fish proteins into 

smaller peptides. Fish hydrolysates is also well known to be rich in peptides with 

anti-oxidative activities (Kim et al., 2007; You et al., 2010). Many reports showed that the 

molecular weight of the peptide fractions from various fish sources with anti-oxidative 

activity ranged from 270 Da to 1800 Da (Chalamaiah et al., 2012). Additionally, numerous 

researches suggested that substances with anti-oxidative activities were closely linked to 

function in anti-inflammation. Therefore, the bioactive component of ASB with the 

anti-inflammatory activities may be contributed by peptides. Additionally, amino acids were 

the base unit of the formation of peptides and protein. Numerous researchers indicated that the 

bioactive activities of peptides are closely linked to the amino acid constituents and sequences 

(Chen et al., 1998; Chalamaiah et al., 2012; Chi et al., 2015a). Therefore, characterization of 

the amino acids’ constituents, protein compositions, and the sequences of bioactive 

component was very meaningful. 
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As previous study mentioned by Ren et al. (2008) and You et al. (2010), peptides with 

functional effects could be isolated and characterized through dialysis, ion-exchange 

chromatography, gel filtration chromatography and reverse phase-high performance liquid 

chromatography (RP-HPLC). For dialysis bag in preliminary isolation, substances could be 

separated underlying the various of molecular weight. For ion-exchange chromatography, the 

isolated fraction could be separated underlying the surface charge of the substance. For gel 

filtration chromatography, a higher accuracy purification will be applied for the isolation of 

fractions underlying the size exclusion. Finally, RP-HPLC coupled with ESI-MS could be 

applied for the detection of the sequence of the purified peptides.  

Moreover, Ke et al. (2011) and Wang et al. (2019) also reported that the active 

components of the extracted substance with bioactive activities may attribute to the complex 

not the monomer. Additionally, numerous researchers also elucidated that herbal formula 

showed higher effective therapy than the single molecule in herb (Zhao et al., 2015; Fan et al., 

2019). Furthermore, Le et al. (2008) and Wang et al. (2019) indicated that hydrodynamic 

diameter, Zeta potential, transmission electron microscope (TEM), and cryo-TEM of the food 

derived particles could be treated as the significant indicators for the characterization of 

particles. Particle diameter plays vital role in the characterization of nanoparticle systems. 

Nanoparticle suspended in the liquid was conducted as Brownian motion, directly affect the 

materials properties, including kinematic velocity, colloidal dispersion stability, and drug 

carrier system delivery efficiency (Ramos, 2017). The hydrodynamic diameter of different 

sources of particles dispersed in a liquid was calculated underlying the dynamic light 

scattering (DLS). Additionally, zeta potential also deemed as the significant parameter for the 

characterization of particles. Zeta potential with negative value indicated that the surface of 
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the particles exhibited negative charge. It is generated when the liquid is forced to flow 

directly through a small gap formed by two sample surfaces with pressure, and then the 

charge carrier bound in double layer will be removed, followed by the potential was analyzed 

between two electrodes (Cai et al., 2006). 

1.7. Aims and objective of study 

Sea bass is treated as one of the geographical indication products in Zhuhai. Historically, 

sea bass was used for managing inflammation-associated conditions. However, the 

mechanism of action of sea bass still lack of investigation. Therefore, the aims of this study 

were to discover the effects of sea bass in managing the inflammation-associated condition.  

The objectives of this study were separated into three parts. Firstly, the objective of this 

study was to investigate the molecular mechanism of ASB in treating inflammation-associated 

conditions underlying wound healing and ulcerative colitis by in vivo studies. DSS-induced 

colitis and cutaneous wounds model were applied for in vivo investigation. Conjointly, the 

molecular mechanism of sea bass on inflammatory inhibition and proliferation were analyzed 

by in vitro studies as the second objective. Investigation on the effects of ASB in LPS 

stimulated macrophages and fibroblasts cell model were conducted for further illustration. In 

order to obtain a deeply elucidation underlying chemical basis, characterization and isolation 

of bioactive components from ASB will be treated as the third objective in this study. Crude 

protein content, composition of amino acids, distribution of molecular weight and absorption 

spectra were evaluated for the charaterization of ASB. Ultrafiltraion, size exclusive 

chromatography and LC-MS were conducted for the bioactive tracking of ASB underlying the 

anti-inflammatory activities. The present studies were performed to elucidate the 

pharmacological and chemical bass for the folk use of sea bass in managing 
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inflammation-associated conditions. Providing a further justification for the clinical 

application and functional food development of sea bass in treating inflammation-associated 

conditions. 

1.8. Research design 

Graphical abstract showed the research design of the study in this thesis. According to 

the in vitro and in vivo study, the anti-inflammatory activities of ASB were evaluated. For in 

vivo study, ASB treatment on the effects of ulcerative colitis and wound healing will be 

evaluated via a series of biological analysis. ASB treatment on the effect of gut microbiota 

also will be investigated via 16s DNA sequencing analysis and then given correlation to the 

effect of ulcerative colitis. For in vitro study, macrophages will be applied for evaluating the 

anti-inflammatory effect and fibroblasts will be used for discovering the proliferation effect of 

sea bass. Furthermore, tricine-sds page, ultrafiltration, size exclusive chromatography, 

zeta-potential, hydrodynamic diameter, and LC-MS were applied for characterization and 

bioactive components tracking based on the in vitro anti-inflammatory activities analysis. 
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Flow chart of research clue
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1.9. Potential contribution 

This study will contribute to identify the bioactive components of sea bass, 

and investigate the molecular mechanisms of ASB in managing the 

inflammation-associated conditions. It can be treated as a pharmacological and 

chemical basis for the folk use of sea bass and further studies in biological and 

medical fields. Alternatively, the therapeutic effects of sea bass can be illustrated 

and used as a basis for further product development study. The finding in the 

study of microbiota also might be an important factor for taking ASB into the 

future drug design. 

Ocean covered 70% of the earth’s surface with huge fish source. Therefore, 

the investigation of the potential biological values of fish is necessary with high 

attention. The current results could though to be a basis and systematic reference 

study for developing future ocean product with functional therapeutics. The 

findings in this study could be treated as the references for discovering the 

constituent of the artificial meat with therapeutic effect. 
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Chapter II  

In vivo Evaluation on Dietary Therapy Effect of Sea Bass in 

Managing Inflammation-associated Conditions in Ulcerative 

Colitis 

2.1. Introduction 

Inflammatory bowel disease (IBD) is principally outlined as Crohn’s disease 

and ulcerative colitis (UC). Crohn’s disease might have an effect on any part of 

the digestive tract, from the mouth to the anus with diarrhea and abdominal pain. 

Ulcerative colitis (UC) mainly presents in the rectal and colonic mucosa and is 

accompanied by weight loss, diarrhea, abdominal pain, and rectal bleeding. This 

kind of uncontrolled gut inflammation affects millions of individuals in the world 

(Ng et al., 2017; Fumery et al., 2018). It has been reported that the worldwide 

incidence and prevalence of UC are increasing, especially in newly industrialized 

countries. The highest reported prevalence values appeared in Europe and North 

America (Ng et al., 2017; Fumery et al., 2018). In population-based studies,it also 

indicated that UC patients will have proximal disease extension within 10 years 

(Qiu et al., 2019). In the 21st century, systematic research into UC prevention and 

dietary therapy development seems very significant with an irresistible trend. 

However, the pathogenesis of IBD remains unclear due to lack of investigation. 

IBD is a multifactorial disorder induced by the interaction of genetic factors, 

environment, microbiota, and immune response, which are involved in 

pathogenesis (Ananthakrishnan et al., 2015; Loddo et al., 2015). Recently, many 

studies have indicated that the breakdown of homeostasis among the immune 

system, epithelial barrier, and gut microbiome might be the critical underlying 

mechanism responsible for the development of IBD (Ananthakrishnan et al., 2015; 
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Loddo et al., 2015). Previous reports suggested that the products of gut 

microbiota could positively have an effect on the pathogenesis of 

inflammation-associated diseases (Mazmanian et al., 2008; Wen et al., 2008). The 

gastrointestinal tract provides residence to both beneficial and potentially 

pathogenic microorganisms. The imbalance within the microbiota composition 

may worsen the dysbiosis in the inflamed gut (Mazmanian et al., 2008). Due to 

the immune modulatory role of gut microbiota, sea bass is hypothesized to have 

beneficial effects on the host immune response and amelioration of intestinal 

inflammation. Moreover, the dextran sulfate sodium (DSS) model resembles UC 

in several pathophysiological and morphological features, including the 

production of pro-inflammatory cytokines, crypt damage, focal inflammation 

infiltration, and ulceration (Hakansson et al., 2015). Generally, colitis is induced 

chemically in this model by adding DSS to the drinking water of mice. It mainly 

affects the distal colon; some inflammatory responses appeared even in the 

proximal colon and caecum. The out come of this model may be affected by the 

genetic background of the animals, environment, and the DSS concentration 

(Mazmanian et al., 2008; Hakansson et al., 2015). Additionally, body weight, 

feed consumption, and colon length were treated as an indication of the disease 

severity in the DSS induced model (Heinsbroek et al., 2015; Chen et al., 2017; 

Zhu et al., 2018). Therefore, DSS-induced colitis model is employed to study the 

effect of aqueous extract of sea bass (ASB) in managing inflammation-associated 

conditions (colitis). Toll-like receptor 4 (TLR4) signaling is one of the important 

mechanisms for inflammation related studies and it is a key receptor for 

commensal recognition in gut innate immunity (Cui et al., 2014). It was the 

subject of target inhibition in ulcerative colitis (UC) (Cui et al., 2014; Kim et al., 
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2014). Moreover, AP-1 and NF-κB were treated as the critical and classical 

pathways in TLR4 signaling. Many researchers have already elucidated that 

over-expression of TLR4-linked AP-1 or NF-κB is typical in inflamed colonic 

tissue (Kim et al., 2014; Yan et al., 2018). Therefore, it is necessary to evaluate 

the effects of TLR4 signaling in DSS-induced colitis for studying UC in detail. 

Sea bass (Lateolabrax maculatus) is an economically important cultured fish 

species and has a long history of managing inflammation-associated conditions. 

However, the mechanism of action of sea bass needs to be investigated. Therefore, 

the aim of this chapter was to study the effect of ASB in managing 

inflammation-associated conditions by in vivo experiments. The DSS-induced 

colitis model was used for discovering ulcerative colitis in vivo. Many studies 

have reported that the process of colitis is closely linked with neutrophils and 

macrophages (Nakatsuji et al., 2015; Haribhai et al., 2016; Yan et al., 2018). It is 

well known that macrophages play vital roles in innate immunity for the 

inhibition of inflammatory cytokines (Liu et al., 2017; Pham et al., 2017). Many 

reports have indicated that inflammation in macrophages is closely linked to the 

activation of TLR4 signaling (Chen et al., 2014; Cheng et al., 2014; Du et al., 

2017). In addition, NF-κB and AP-1 are the typical pathways in TLR4 signaling 

which are associated with the inflammation triggered by the innate immune 

system (Delhase et al., 2003; Ahn et al., 2015b). The activation of NF-κB or 

AP-1 pathways will lead to the production of a series of inflammatory mediators, 

including interferon gamma (IFN-γ), tumornecrosis factor alpha (TNF-α), and 

monocyte chemoattractant protein-1 (MCP-1). The TNF-α is a pleiotropic 

cytokine, which is an important mediator of inflammation (Kumar et al., 2017). 

The inhibition of TNF-α secretion in LPS-induced macrophages results in 
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anti-inflammation (Wu et al., 2017). MCP-1 is a highly representative chemokine, 

critical for the pathogenesis of liver disease and granulomatous inflammation 

(Cheng et al., 2015; Xie et al., 2016). The regulation of TNF-α, MCP-1, and 

IFN-γ via NF-κB, and AP-1 pathways are important mechanisms in inflammatory 

responses (Cheng et al., 2015).  

Microbiota is a collection of microorganisms including bacteria, viruses, 

archaea, and some unicellular eukaryotes. It distributed in numerous parts of the 

human body, including mouth, distal esophagus, stomach, surface of skin, and 

intestinal tract. The human organism is a natural host for microbiota, especially 

for the bacteria in gut. It has been estimated that 1014 microorganisms reside in 

gut, exhibited the largest number of bacterial groups in the body (Harris et al., 

2012). To date, numerous studies have already reported that microbiota exhibited 

various kinds of potential benefit to human health, including immunomodulation, 

nervous system development, digestion, and metabolism (Burcelin et al., 2011). It 

has been indicated that the dysbiosis of microbiota composition can lead to a 

series of inflammatory associated condition. Le et al. (2017) indicated that gut 

microbiota dysbiosis was identified to be closely led to hypertension. Many 

researchers also found that the pathogenesis of irritable bowel syndrome (IBS) is 

related to the disorder of the gut microbiota (Jeffery et al., 2014). Rizzello et al 

(2018) indicated that geraniol supplementation could effectively ameliorate 

intestinal dysbiosis and relieved symptoms in IBS. Bhattarai et al (2016) also 

reported that the alteration in gut microbiota composition could ameliorate IBS. 

Additionally, Boulange et al (2016) and Tang et al (2017) reported that the 

composition of gut microbiota were closely related to the chronic diseases, 

including obesity, atherosclerosis, and heart failure. Sampson et al (2016) 
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demonstrated that the alteration of microbiota composition is a risk factor for 

Parkinson’s disease (PD). Numerous studies illustrated that the modification of 

gut microbiota could possess a high potential in treating ulcerative colitis (UC). 

Li et al (2017b) investigated that DSS induced colitis could be ameliorated 

through up-regulation of intestinal barrier function upon bacterial consortium 

transplantation in mice. Mendes et al (2018) reported that the increase of 

abundance of genera Lactobacillus, Bifidobacterium, Allobaculum, Clostridium 

could effectively down-regulate the inflammatory expression level in mice with 

DSS induced colitis, the microbiota modification in this study showed a potential 

role in gut colitis amelioration. Zhu et al (2017) also demonstrated that precision 

editing of gut microbiota could reduce the severity of intestinal inflammation in 

mice with DSS induced colitis.  

Gut bacteria play a vital role in the microbiota ecosystem of human gut, and 

is closely linked to the intestinal health (Zhang et al., 2015). Certain bacterial 

species are essential for maintaining a tolerogenic state in the mucosa and supply 

essential nutrient. The composition of the bacteria in gut are approximately 

classified into four main phyla, including Firmicutes, Bacteroidetes, 

Actinobacteria, and Proteobacteria. The gut bacteria could be classified as 

“good” bacteria, “bad” bacteria, and “ugly” bacteria (Randolph, 2017; Venkova 

et al., 2018). Lactobacilli, Bifidobacteria, nonpathogenic Escherichia coli, and 

Streptococcus with protective and anti-inflammatory characteristics could be 

treated as “good” bacteria. Bacteroides vulgatus and Enterococcus faecalis with 

injurious and pro-inflammatory characteristics could be identified as “bad” 

bacteria. Clostridia difficile, E. coli, Salmonella and Shigella could be treated 

“Ugly” bacteria with toxic and invasive characteristics. It has been estimated that 
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1014 microorganisms reside in gut (Harris et al., 2012). However, many of the gut 

bacteria still lack of investigation. Although numerous studies indicated that the 

the precision editing of gut microbiota might positively influence the 

inflammatory diseases, the key findings from the contrast of microbiota in 

healthy and disease status still need more systematic investigation.  

Sea bass (Lateolabrax maculatus) has been used for dietary therapy practice 

in China. Traditional Chinese medicinal books also documented that sea bass 

could be applied for managing many inflammation-associated conditions. The 

therapeutic potential of sea bass against ulcerative colitis has not yet been 

discovered. Therefore, a good understanding of sea bass in managing ulcereative 

colitis and gut microbiota are essential for providing the pharmacological basis 

for the folk use of sea bass, and further, its application in the medical industry.  

2.2. Materials and methods 

2.2.1. Materials and reagents 

DSS (MW 36,000-50,000 Da) was purchased from MP Biomedicals (lllkirch, 

France). FITC-Dextran (4 kDa, Catalog#4009) was purchased from Chondrex. 

Inc. (Redmond, WA, U.S.A.). Akt (11E7), 21nfiltra-Akt (Ser473), and NF-κB 

(p65) were obtained from Cell Signaling Technology (Boston, MA, U.S.A.). 

Myeloperoxidase (MPO) was obtained from Abcam (Cambridge, UK). ELISA 

kits for the determination of the cytokines TNF-ɑ, MCP-1, and IFN-γ were 

purchased from Invitrogen (Carlsbad, CA, U.S.A.). All other chemicals were of 

analytical grade.  

2.2.2. Aqueous extraction of sea bass 

Baijiao sea bass (L. maculatus) was collected from Estuarine Fisheries 

Research Institute in Doumen, Zhuhai, Guangdong Province, China. The size of 
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sea bass applied in this study were the commercial product size with 500 – 800 g 

weight. The average extraction yield of ASB was 4.28% (w/w). Aqueous extract 

of sea bass (ASB) was prepared via steaming, size reduction, sonication and 

freeze – drying (Fig. 2). Briefly, edible parts of sea bass were dissected and 

steamed for 10 min. After steaming, fish bones were removed, and edible parts 

were homogenized. After that, homogenized meat were weighted in the beaker 

and distilled water (ratio of solid to liquid at 1 : 5) was added, then extracted by 

ultrasonication for 2 h at 90–100°C. Followed by freezing at −80°C refrigerator 

and freeze-drying via vacuum freeze-drier (FreeZone Benchtop, Labconco 

Company, Kansas, MO, U.S.A.). The final products (the aqueous extract of sea 

bass, ASB) were weighted and stored at −80°C refrigerator for further analysis.  

 
Figure 2. A schematic diagram for preparing the aqueous extract of sea bass 

(ASB). 

    

2.2.3. Animals 

Male C57BL/6 mice (8 weeks, ~22 g) were purchased from SPF 

Biotechnology (Beijing, China). Animal procedures were approved by the Ethics 

Committee of Hong Kong Baptist University with an ethical code 
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(REC/18-19/0008, 18 October 2018, Committee on the Use of Human & Animal 

Subjects in Teaching and Research, Hong Kong Baptist University). All animal 

treatments complied with the “Guide for the Care and Use of Laboratory 

Animals” published by the National Institutes of Health (NIH). 

2.2.4. Establishment of ulcerative colitis (UC) model 

Ulcerative colitis was induced by the oral administration of 1.5% (w/v) DSS 

for 7 days according to Heinsbroek et al. (2015) and Zhu et al. (2017) with some 

modifications. Mice were arbitrarily allocated into 7 groups: control group (DDI 

water, n = 14 per group), DSS model group (n = 14 per group), three ASB treated 

groups (low-dosage: 1.125 g/kg b.w./day; mid-dosage: 2.25 g/kg b.w./day; 

high-dosage: 4.5 g/kg b.w./day, n=14 per group), high dosage reference group 

(high-dosage: 4.5 g/kg b.w./day, n=8 per group) and sulfasalazine 

(SASP)-positive control group (SASP, 50 mg/kg b.w./day, n=14 per group). ASB, 

SASP, and DDI water were given orally by gavage, once daily for 9 days. 

Meanwhile, drinking water was replaced with 1.5% (w/v) DSS solution in the 

DSS model group, three ASB treated groups, and SASP treated group for the first 

7 days. Control group and high dosage reference groups received drinking water 

without DSS throughout the experiment period. 

2.2.5. Hematological analysis 

Hematological parameters were analyzed using BC-5000 automated 

hematological analyzer (Mindray Bio-medical Electronics Co., Ltd., Shenzhen, 

China), with specific software for mice blood samples. The hematological 

parameters analysis were white blood cell (WBC), neutrophil values (Neu#), 

lymphocyte values (Lymph#), monocyte values (Mon#), eosinophil values (Eos#), 

basophil values (Bas#), hemoglobin (HGB), hematocrit (HCT), mean corpuscular 
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volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular 

hemoglobin concentration (MCHC), red blood cell (RBC), red cell distribution 

width coefficient of variation (RDW-CV), platelets (PLT), mean platelet value 

(MPV), platelet distribution width (PDW), procalcitonin (PCT), and Neu%, 

Lymph%, Mon%, Eos%, Bas%, percentages of corresponding cell over white 

blood cell, respectively.  

2.2.6. Intestinal permeability in vivo 

The measurement of intestinal permeability towards FITC-Dextran (4 kDa, 

Catalog#4009, Chondrex, WA, U.S.A.) was performed according to the 

manufacturer’s protocol and Cani et al. (2009). Briefly, mice that had fasted for 4 

h were given FITC-Dextran by oral gavage (500 mg/kg body weight, 25 mg/mL). 

After maintaining fasting conditions for 3 h, blood was collected from the orbital 

venous plexus. Then, blood was centrifuged at 14000 g for 5 min at 4oC. Plasma 

was diluted in an equal volume of PBS and read on a fluorescent plate reader at 

an excitation wavelength of 485 nm and emission wavelength of 520 nm. 

Standard curve was prepared by making dilutions of the stock FITC-dextran in 

normal mouse plasma diluted with PBS. 

2.2.7. Disease activity index (DAI) 

The characterization of colitis symptoms was monitored underlying body 

weight, stool consistency, stool color, and occult bleeding. The DAI was 

evaluated based on the scoring methods of Chen et al. (2017) and Yan et al. 

(2018) with some modifications. Weight loss was calculated based on the 

difference of body weight of mice between day 0 and testing day. Stool 

consistency and stool color were monitored base on the fecal pellet formation and 

visible blood by visual identity. Occult blood was analyzed using fecal occult 
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blood test kit (Nanjing Jiancheng Bioengineering Institute, Nanjing, China). The 

DAI values were conducted by the sum of the score from weight loss, stool 

consistency, stool color, and occult bleeding.  

2.2.8. Histology and immunofluorescence 

The histological analysis was based on the description by Larrosa et al. (2009) 

and Zhu et al. (2017). At the end of the experiment, all mice were euthanized. 

The colon was dissected and the length between ileo-cecal junction and anal 

verge was measured. The colonic tissue samples from the distal colon were fixed 

in 10% formalin solution overnight and then processed, embedded in paraffin and 

cut into 4 µm thick sections. Histopathological examination was conducted by H 

& E staining according to the manufacturer’s instructions. Images were obtained 

by Nikon Eclipse C1 microscopy (Tokyo, Japan). The histological scoring system 

was described by Xiao et al. (2013) and Winter et al. (2013) with some 

modifications. To quantify the inflammatory responses in colonic tissue, the 

expression of MPO was detected by immunofluorescence (IF) analysis. The 

positive expression levels in IF images were processed and quantified using 

Image-Pro Plus 6.0.  

2.2.9. Western blotting 

The quantified colonic tissue lysates were evaluated by western blotting 

analysis according to the procedures of Demon et al. (2014) and Cheng et al. 

(2016). Colonic tissues were homogenized in lysis buffer and incubated for 20 

min on ice. Supernatants were collected by centrifugation at 13523 g for 60 min. 

The concentrations of the extracted proteins were measured using BSA protein 

assay. Equal amount of extracted proteins (20-40 µg) were loaded onto the 

prepared gel (8%~12% (w/v)) for western blotting. After blocking with 3% 
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non-fat milk in TBST, the membranes were incubated with prepared primary 

antibodies overnight at 4oC. Subsequently, membranes were washed with TBST 

for 20 min for 3 times and then incubated with secondary antibody at room 

temperature for 1 h. Finally, the membranes were visualized by soaking in 

chemiluminescent substrate and then exposed to obtain the signal. Band images 

were obtained using EPSON scanner and band densities were analyzed using the 

Image J software (BioTechniques, NY, U.S.A.).  

2.2.10. Cytokine measurements 

The production of cytokines TNF-α in serum and MCP-1, TNF-α, and IFN-γ 

in the culture supernatants of colonic tissue of mice upon treatments were 

quantified using enzyme linked immunosorbent assay (ELISA) kits (eBioscience, 

San Diego, CA, U.S.A.) according to the manufacturer’s instructions. 

2.2.11. Fecal collection and DNA extraction 

Fresh fecal samples were collected in sterile containers and immediately 

frozen to -80 oC at day 0, 3, 6, and on the day of sacrifice, respectively. Total 

genome DNA from samples at day 6 were isolated using CTAB/SDS method. 

The purity and concentration of DNA were monitored on 1% agarose gels, and 

then diluted to 1 ng/μL with sterile water. 

2.2.12. Fecal microbiota analysis 

The V3–V4 hypervariable region of 16S rDNA was amplified with the 

universal primers 515F and 806R with the barcode. All PCR reactions were 

carried out with Phusion®  High-Fidelity PCR Master Mix (New England Biolabs, 

MA, U.S.A). The PCR products were identified by electrophoresis on a 2% 

agarose gel, and then the bright main strip with 400-450 bp were selected for 

further purification with the Qiagen Gel Extraction kit (Qiagen, Germany). 
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Subsequently, sequencing was performed on an Illumina HiSeq platform by 

Novogene Bioinformatics Technology Co., Ltd. (Beijing, China). Furthermore, 

quality filtering on the raw tags were conducted to obtain the high-quality clean 

tags by the Qiime (V1.7.0) quality-controlled process. After raw data filtering, 

sequences with ≥97% similarity were merged as the same perational taxonomic 

unit (© ). The bacterial diversity and taxonomy were analyzed based on the ©  

table, calculated with QIIME (Version 1.7.0) and displayed with R software 

(Version 2.15.3). 

 

Figure 3. Flow chart of sequencing and data analysis procedures of gut 

microbiota in feces. 



 28 

 

 

2.2.13. Statistical analysis 

Analyses were performed in triplicates, and results were expressed as mean 

± SD. For multiple group comparisons, one-way analysis of variance (ANOVA) 

was conducted by Dunnett’s post hoc test and applied for determining the 

significance (p < 0.05) differences. Statistical analyses were performed using 

Microsoft 2016 package and SPSS (SPSS 17.0, SPSS Inc, Chicago, IL, U.S.A.). 

2.3. Results 

2.3.1. ASB ameliorated DSS-induced colitis 

DSS-induced colitis model was constructed to explore the role of ASB in 

UC. After DSS induction, a significant body weight loss, less fodder consumption 

and bloody stools were observed, especially in the DSS group. As shown in Fig. 

5, mice treated with ASB or SASP showed body weight recovery, compared to 

the DSS-treated group. Mice body weight did not show any markedly change in 

the high dosage reference group, which was similar to the control group. In 

accordance with the result shown in Fig. 5, disease activity index (DAI) (Fig. 8A) 

also indicated that mice treated with ASB or SASP could ameliorate the severity 

of colitis, compared to the DSS-treated group. Meanwhile, the amount of feed 

consumption also demonstrated a significant improvement upon ASB or SASP 

treatments in comparison with the DSS-treated group (Fig. 6). As shown in Fig. 4 

and Fig. 7, DSS-induced colitis caused a marked decrease in colon length, while 

it improved upon ASB or SASP treatment. No obvious colon length change was 

observed in the high dosage reference group as compare to the control group. As 

evident from the results, DSS-induced colitis in mice was ameliorated upon ASB 

treatments at the dosage of 1.125, 2.25, and 4.5 g/kg b.w. (the human equivalent 



 29 

dose (HED): 200 g/ 60 kg, 400 g/ 60 kg, 800 g/ 60 kg, respectively), which was 

similar to the treatment with SASP.   

 
Figure 4. (A) Schematic representations of the colitis model. (B) Representative 

photographs of colon. (C) Effect of ASB on fecal appearance underlying rectal 

bleeding in DSS treated mice at day 7. (C: control, n = 14; D: DSS model, n = 14; 

L: DSS+ASB low dosage, n = 14; M: DSS+ASB medium dosage, n = 14; H: 

DSS+ASB high dosage, n = 14; P: SASP, n = 14; T: ASB high dosage reference, 

n = 8).  
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Figure 5. Effect of ASB on body weight of mice with DSS induced colitis. 

(Control, n = 14; DSS model, n = 14; DSS+ASB low dosage, n = 14; DSS+ASB 

medium dosage, n = 14; DSS+ASB high dosage, n = 14; DSS+SASP, n = 14; 

ASB high dosage reference, n = 8). Results were expressed as mean ± SD. 

Parameters marked by the same letter are not significantly different. Significance 

is represented as p < 0.05. 

 
Figure 6. Effect of ASB on daily fodder consumption of mice with DSS induced 

colitis. (Control, n = 14; DSS model, n = 14; DSS+ASB low dosage, n = 14; 

DSS+ASB medium dosage, n = 14; DSS+ASB high dosage, n = 14; DSS+SASP, 

n = 14; ASB high dosage reference, n = 8). Results were expressed as mean ± SD. 

Parameters marked by the same letter are not significantly different. Significance 

is represented as p < 0.05. 
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Figure 7. Effect of ASB on the colon length of mice with DSS induced colitis. 

(Control, n = 14; DSS model, n = 14; DSS+ASB low dosage, n = 14; DSS+ASB 

medium dosage, n = 14; DSS+ASB high dosage, n = 14; DSS+SASP, n = 14; 

ASB high dosage reference, n = 8). Results were expressed as mean ± SD. 

Parameters marked by the same letter are not significantly different. Significance 

is represented as p < 0.05. 
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Figure 8. (A) Disease activity index (DAI) evaluation of mice (Control, n = 14; 

DSS model, n = 14; DSS+ASB low dosage, n = 14; DSS+ASB medium dosage, n 

= 14; DSS+ASB high dosage, n = 14; DSS+SASP, n = 14; ASB high dosage 

reference, n = 8) (B) The scoring criteria for DAI. Results were expressed as 

mean ± SD. Parameters marked by the same letter are not significantly different. 

Significance is represented as p < 0.05. 
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2.3.2. Effects of ASB treatment on hematological parameters 

As shown in Table 1, mice with DSS administration showed significant (p < 

0.05) anemia (lower RBC levels, HGB, HCT, MCV and PDW) in comparison 

with the control group. Meanwhile, the results also showed that supplementation 

of the diet with ASB could ameliorate these symptoms. Significant differences (p 

< 0.05) were found in the RBC levels, HCT, and PDW upon low dosage ASB 

treatment in comparison with the DSS model group. 
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Table 1. Hematological parameters of mice in ulcerative colitis model. 

Parameter Control DSS 
DSS+ASB 

(1.125 g/kg) 

DSS+ASB 

(2.25 g/kg) 

DSS+ASB 

(4.5 g/kg) 
DSS+SASP NVR 

RBC (1012/L) 7.39 ± 0.55a 5.37 ± 1.25c 6.67 ± 1.15ab 6.23 ± 0.64bc 6.01 ± 0.90bc 6.07 ± 0.56bc 6.68~8.28 

HGB (g/L) 115 ± 8a 83 ± 20c 101 ± 17ab 95 ± 10bc 93 ± 14bc 90 ± 8bc 106~129 

HCT (%) 37.2 ± 2.6a 26.3 ± 6.1c 32.8 ± 5.7ab 30.5 ± 3.2bc 29.3 ± 4.5bc 29.3 ± 2.5bc 33.9~41.8 

MCV (fL) 50.4 ± 0.8a 49.0 ± 1.0b 49.2 ± 0.7b 48.9 ± 0.5b 48.8 ± 0.5b 48.4 ± 1.7b 49.2~51.3 

MCH (pg) 15.5 ± 0.2a 15.4 ± 0.2ab 15.2 ± 0.1b 15.3 ± 0.1ab 15.5 ± 0.2a 14.9 ± 0.6c 15.2~15.9 

MCHC (g/L) 308 ± 4bc 314 ± 8ab 309 ± 4bc 314 ± 5ab 318 ± 5a 308 ± 4bc 299~313 

PDW 14.8 ± 0.1a 14.3 ± 0.2c 14.6 ± 0.2b 14.5 ± 0.2b 14.5 ± 0.2b 14.4 ± 0.1bc 14.7~14.9 

WBC (109/L) 3.76 ± 0.65ab 3.30 ± 0.87b 5.14 ± 1.10a 4.07 ± 2.34ab 2.59 ± 0.95b 4.02 ± 1.29ab 2.53~4.62 

Neu# (109/L) 2.08 ± 0.81abc 1.52 ± 0.34bc 2.84 ± 0.61a 2.29 ± 1.91ab 1.15 ± 0.52c 1.86 ± 0.63abc 0.47~3.01 

Lymph# (109/L) 1.68 ± 0.35ab 1.78 ± 0.61ab 2.29 ± 0.62a 1.77 ± 0.60ab 1.43 ± 0.64b 2.16 ± 0.72a 1.23~2.31 

Mon# (109/L) 0 ± 0b 0 ± 0b 0.01 ± 0.01a 0 ± 0b 0 ± 0b 0 ± 0b 0 

Eos# (109/L) 0 ± 0.01a 0 ± 0a 0 ± 0a 0.01 ± 0.01a 0 ± 0a 0 ± 0a 0~0.02 

Bas# (109/L) 0 ± 0b 0 ± 0b 0 ± 0b 0 ± 0b 0.01 ± 0.01a 0 ± 0b 
0 
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Results were expressed as mean ± SD, n=8 independent experiments. DSS, dextran sulphate sodium; ASB, the aqueous extract of 

sea bass; SASP, sulfasalazine; WBC, white blood cell; Neu#, neutrophil values; Lymph#, lymphocyte values; Mon#, monocyte 

values; Eos#, eosinophil values; Bas#, basophil values; Neu%, Lymph%, Mon%, Eos% and Bas%, percentages of corresponding cell 

over white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular volume; MCH, mean 

corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW-CV, red cell distribution width coefficient of 

variation; PLT, platelets; MPV, mean platelet value; PDW, platelet distribution width; PCT, procalcitonin. Hematological 

inflammatory parameters of each row were marked by the same letter are not significantly different. Significance is represented as p 

< 0.05. 

Neu% (%) 53.3 ± 16.5a 46.8 ± 6.3a 55.5 ± 6.7a 51.6 ± 12.7a 45.2 ± 13.2a 46.2 ± 4.9a 39.6~66.1 

Lymph% (%) 46.5 ± 16.4a 53.1 ± 6.3a 44.2 ± 6.8a 48.0 ± 12.4a 54.1 ± 13.2a 53.7 ± 5.0a 33.7~81.3 

Mon% (%) 0 ± 0b 0.04 ± 0.1ab 0.2 ± 0.2a 0.1 ± 0.1ab 0.1 ± 0.2ab 0.1 ± 0.1ab 
0 

Eos% (%) 0.2 ± 0.2a 0 ± 0a 0.1 ± 0.1a 0.2 ± 0.4a 0.2 ± 0.2a 0 ± 0a 0~0.7 

Bas% (%) 0 ± 0.1b 0.1 ± 0.1b 0 ± 0.1b 0.2 ± 0.2b 0.4 ± 0.4a 0 ± 0b 0~0.2 

RDW-CV (%) 13.3 ± 0.8b 13.6 ± 2.6b 13.6 ± 1.3b 13.7 ± 1.3b 13.1 ± 0.6b 17.2 ± 1.6a 12.6~15.1 

PLT (109/L) 611 ± 53a 576 ± 146a 681 ± 122a 631 ± 94a 569 ± 128a 688 ± 91a 526~662 

MPV (fL) 5.3 ± 0.2a 5.3 ± 0.2a 5.3 ± 0.2a 5.4 ± 0.2a 5.3 ± 0.1a 5.3 ± 0.1a 5.2~5.7 

PCT (%) 0.325 ± 0.032a 0.304 ± 0.072a 0.359 ± 0.067a 0.339 ± 0.058a 0.299 ± 0.065a 0.363 ± 0.048a 0.274~0.362 



 36 

2.3.3. ASB reduced intestinal permeability 

Increase in gut permeability was linked with greater susceptibility to colitis. 

As shown in Fig. 9, the permeability of FITC-Dextran was significantly increased 

in the DSS-treated group, while such change was improved upon ASB or SASP 

treatment. The high dosage reference group did not demonstrate a significant 

increase in comparison with the control group. 

 
Figure 9. Effect of intestinal permeability upon ASB treatments at the end of the 

experiment. (FITC-D, fluoresceine isothiocyanate dextran; DSS, dextran sulphate 

sodium; SASP, sulfasalazine; ASB, the aqueous extract of sea bass; Control, n = 

4; DSS model, n = 5; DSS+ASB low dosage, n = 5; DSS+ASB medium dosage, n 

= 4; DSS+ASB high dosage, n = 4; SASP, n = 4; ASB high dosage reference, n = 

4). Results were expressed as mean ± SD. Parameters marked by the same letter 

are not significantly different. Significance is represented as p < 0.05. 

2.3.4. ASB reduced colonic tissue damage 

As shown in Fig. 10A, 1.5% DSS in drinking water resulted in extensive 

colonic tissue damage, including inflammatory cell infiltration, crypt damage, 

and focal formation. Results showed that less colonic tissue damage was 

presented upon ASB treatments, as compared to the DSS-treated group. Diffuse 
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infiltration of inflammation in mucosa and submucosa and crypt damage in 

colonic tissue was markedly increased in the DSS group, while such changes 

were significantly suppressed in the ASB-treated groups (Fig. 10A-B). 

Meanwhile, mice in high dosage reference group presented normal, similar to the 

control group. 
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Figure 10. Effect of ASB on histopathological changes of mice in DSS‐induced 

colitis. (DSS, dextran sulphate sodium; SASP, sulfasalazine; ASB, the aqueous 

extract of sea bass; control, n = 6; DSS model, n = 6; DSS+ASB low dosage, n = 

6; DSS+ASB medium dosage, n = 6; DSS+ASB high dosage, n = 6; DSS+SASP, 

n = 6; ASB high dosage reference, n = 3). (A) Histological analysis (scale bar: 50 

µm); (B) histological score; (C) chart indicating scoring criteria for the evaluation 

of intestinal inflammation. Results were expressed as mean ± SD. Colon 

histopathology score marked by the same letter is not significantly different. 

Significance is represented as p < 0.05. 

2.3.5. ASB inhibited the neutrophil infiltration in impaired colon 

Similar to the colon histopathology scores, the expression level of colonic 
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MPO was greatly up-regulated in the DSS group, while the MPO activities in the 

ASB-treatment groups were markedly reduced (Fig. 11A). As shown in Fig. 11B, 

less MPO-positive cells were detected in the high dosage reference group, which 

was similar to the control group. 
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Figure 11. Effect of ASB on the expression level of MPO (A) and MPO positive 

cells (B) in colonic tissue assessed by immunofluorescence (scale bar: 50 µm; 

DSS, dextran sulphate sodium; MPO, myeloperoxidase; ASB, the aqueous extract 

of sea bass). Results were expressed as mean ± SD (n = 3). The expression levels 

of MPO marked by the same letter are not significantly different. Significance is 

represented as p < 0.05.  
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2.3.6. ASB suppressed the production of pro-inflammatory mediators in 

impaired colon 

As shown in Fig. 12A, treatment with SASP markedly inhibited the 

secretion of TNF-α (25.06 ± 5.88 pg/mL) in serum as compared to the secretion 

in the DSS model group (49.77 ± 7.34 pg/mL). ASB treatments with high, 

medium, and low dosage also inhibited the production of TNF-α (45.84 ± 17.70 

pg/mL, 25.45 ± 19.16 pg/mL, 39.96 ± 9.44 pg/mL, respectively) in serum in 

comparison with the DSS group, similar to the SASP-treated group. Results also 

indicated that the expression level of TNF-α (19.96 ± 6.48 pg/mL) in serum 

present normal in the high dosage reference group, similar to the expression level 

in the control group (19.57 ± 4.90 pg/mL). Moreover, results in Fig. 12B-D 

showed that ASB treatments and SASP treatment could greatly down-regulate the 

expression level of pro-inflammatory mediator’s TNF-α, IFN-γ, and MCP-1 in 

colonic tissue. TNF-α production (54.22 ± 12.61 pg/mL, 63.51 ± 27.83 pg/mL, 

79.43 ± 36.41 pg/mL, respectively) in colonic tissue was significantly suppressed 

upon ASB treatments with high, medium and low dosage as compared to the 

production (98.15 ± 33.93 pg/mL) in the DSS group (Fig. 12B). As shown in Fig. 

12C, DSS induced colitis markedly increased the production of IFN-γ (309.23 ± 

122.83 pg/mL) in colonic tissue, while the production was suppressed upon ASB 

treatments with high, medium and low dosage (235.22 ± 91.03 pg/mL, 219.13 ± 

79.14 pg/mL, 219.52 ± 72.98 pg/mL, respectively). Results in Fig. 12D also 

indicated that ASB treatments with high, medium and low dosage could 

significantly suppress MCP-1 production (201.57 ± 38.34 pg/mL, 191.57 ± 47.17 

pg/mL, 229.67 ± 84.42 pg/mL, respectively) in colonic tissue as compared with 

the production in DSS-induced colitis (278.24 ± 110.97 pg/mL). Meanwhile, 
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results also indicated that the expression level of TNF-α, IFN-γ, and MCP-1 in 

colonic tissue showed normal in the high dosage reference group, similar to the 

control group. 
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Figure 12. Effects of ASB on the production of cytokines TNF-α in the serum  

(A) (n = 3) and the expression levels of TNF-α in colonic tissue (B) (control, n = 

14; DSS model, n = 14; DSS+ASB low dosage, n = 14; DSS+ASB medium 

dosage, n = 14; DSS+ASB high dosage, n = 11; DSS+SASP, n = 13; T: ASB 

high dosage reference, n = 8), IFN-γ in colonic tissue (C) (control, n=9; DSS 

model, n = 8; DSS+ASB low dosage, n = 9; DSS+ASB medium dosage, n=7; 

DSS+ASB high dosage, n = 9; DSS+SASP, n = 9; ASB high dosage reference, n 

= 3), and MCP-1 (n = 7) in colonic tissue (D) (DSS, dextran sulphate sodium; 
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SASP, sulfasalazine; IFN-γ, interferon gamma; TNF-α, tumor necrosis factor 

alpha; MCP-1, monocyte chemoattractant protein-1; ASB, the aqueous extract of 

sea bass). Results were expressed as mean ± SD. Parameters marked by the same 

letter are not significantly different. Significance is represented as p < 0.05.  

2.3.7. ASB improved UC through TLR4 signaling inhibition 

As shown in Fig. 13A-C, the protein levels of NF-κB and p-Akt in colonic 

tissues were increased in DSS-induced colitis, in comparison with the control 

group. However, results showed that ASB treatments could significantly 

down-regulate the protein expression levels of NF-κB and p-Akt in the inflamed 

colon tissues, similar to the control group.  
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Figure 13. Effects of ASB treatment on the protein expression levels of p-Akt 

and NF-κB (A) in the colon and the relative protein levels of p-Akt/β-Actin (B) 

and NF-κB/β-Actin (C) (n = 3; DSS, dextran sulphate sodium; SASP, 

sulfasalazine; ASB, the aqueous extract of sea bass). Results were expressed as 

mean ± SD. Parameters marked by the same letter are not significantly different. 

Significance is represented as p < 0.05. 
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2.3.8. ASB influenced beta-diversity of bacterial community 

As shown in Fig. 3, raw data obtained from sequencing were merged and 

filtered to get the clean data. The effective data were applied for operational 

taxonomic units (OUT) cluster for β-diversity and species variance statistics. For 

beta diversity, it was to analysis the differences between microbial communities. 

The weight unifrac distance was applied for the measurement of dissimilarity 

coefficient and visualized through principal coordinate analysis (PcoA). As 

shown in Fig. 14, fecal sample clustered were obviously separated according to 

the DSS treatment, indicating that samples in toxic (DSS) and control group were 

composed of distinct bacterial communities. For the fecal sample in treat (ASB) 

group, clustered were spread from the cluster of the toxic (DSS) group. At the 

meantime, the individual dots were without distributed in the cluster of the toxic 

(DSS) group. It indicated that although clustered separately for a large portion of 

communities, the treat (ASB) group still had an overlap of some bacterial 

communities with the toxic (DSS) group. It established that fecal samples from 

treat (ASB) and toxic (DSS) group had shared bacterial communities. 
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Figure 14. Principle coordinate analysis (PcoA) of weighted UniFrac distances, a 

measure of β-diversity of bacterial community. Each dot represents as the 

microbiome of one mouse. Control, control group; Toxic, dextran sulphate 

sodium (DSS) group; Treat, the aqueous extract of sea bass (ASB) group. 

2.3.9. ASB influenced microbiota composition 

Sequences were generated after quality filtering steps, followed by the taxa 

identification. Most of the taxa were classified at genus level, some were only 

identified at phylum, class, order, or family levels. As shown in Fig. 15 and Fig. 

18, fecal sample from three groups were classified in 16 phyla and 27 genera. For 

16 phyla, two were abundant (> 2% of community), including Firmicutes, and 

Bacteroidetes. The relatively low abundant phyla (< 2% of community) were 

Acidobacteria, Actinobacteria, Chloroflexi, Cyanobacteria, Deferribacteres, 
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Elusimicrobia, Epsilonbacteraeota, Fusobacteria, Patescibacteria, 

Proteobacteria, Spirochaetes, Synergistetes, Tenericutes, and Verrucomicrobia. 

As shown in Fig. 16 and Fig. 17, the percentage of relative abundances of 

Bacteroidetes and Firmicutes at phylum level were shown similarity between 

control group and treat (ASB) group compared to the toxic (DSS) group. 

Especially for Bacteroidetes (Fig. 16), the relative abundance was significantly (p 

< 0.05) reduced upon DSS treatment while ASB treatment showed no significant 

compared to the control group. For 27 genera, the top two abundance were found 

in Lachnospiraceae_NK4A136_group and Alloprevotella. As shown in Fig. 18, 

the percentages of relative abundance of Lachnospiraceae_NK4A136_group and 

Alloprevotella were studied no significant differences (p < 0.05). 

 

Figure 15. The composition of bacteria at phylum level. Each coloum represents 

as the percentage of relative abundances of bacterial phyla for one mouse. C, 

control group; D, dextran sulphate sodium (DSS) group; M, the aqueous extract 

of sea bass (ASB) group. 
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Figure 16. The percentage of relative abundances of Bacteroidetes at phylum 

level. C, control group; D, dextran sulphate sodium (DSS) group; M, the aqueous 

extract of sea bass (ASB) group. *indicates p < 0.05 compared with the 

corresponding column. 

 
Figure 17. The percentage of relative abundances of Firmicutes at phylum level. 

C, control group; D, dextran sulphate sodium (DSS) group; M, the aqueous 

extract of sea bass (ASB) group. 
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Figure 18. The composition of bacteria at genus level. Each coloum represents as the percentage of relative abundances of bacterial 

genus for one mouse. C, control group; D, dextran sulphate sodium (DSS) group; M, the aqueous extract of sea bass (ASB) group. 
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2.3.10. ASB influenced the biomarkers identification 

LefSe (linear discriminant analysis (LDA) effect size) analysis was applied 

for discovering high-dimensional biomarkers among control, toxic (DSS), and 

treat (ASB) group. As shown in Fig. 19-21, the cladogram and the histogram of 

LDA scores were conducted for LefSe analysis. As shown in Fig. 20, 

Bacteroidetes, Bacteroidales, and Muribaculaceae were the most abundant in 

control group, and the Firmicutes was exhibited the most abundant in toxic (DSS) 

group. The most abundant bacteria mentioned in toxic (DSS) and control group 

were the dominant phylotypes for contributing the differences between intestinal 

microbiota of groups. Additionally, less abundant bacteria were found between 

toxic (DSS) and treat (ASB) group. As the result shown in Fig. 21, Wolinella, 

Christensenellaceae, Eubacterium nodatum group, Ruminococcaceae_UCG_013, 

and Haemophilus were found to be the most abundant in toxic (DSS) group while 

only Romboutsia was the most abundant in treat (ASB) group. The most 

abundant bacteria mentioned above were the dominant phylotypes for 

contributing the differences between intestinal microbiota of toxic (DSS) and 

treat (ASB) group. Moreover, Christensenellaceae (Fig. 20) was found to be the 

abundant bacteria in toxic (DSS) group as compared to the control group. 

Interestingly, this abundant bacterium was obtained recovery in treat (ASB) 

group (shown in Fig. 21).  
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Figure 19. LefSe analysis of intestinal microbiota between control group and 

toxic group (DSS). Taxonomic cladogram obtained from LefSe analysis of 16S 

rDNA sequences. Yellow stands for taxons with no significant differences. 

Taxons (biomarkers) with significant differences are colored according to the 

corresponding group’s color. The brightness of each dot is proportional to its 

effect size. Control, control group; Toxic, dextran sulphate sodium (DSS) group. 
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Figure 20. LefSe analysis of intestinal microbiota between control group and 

toxic group (DSS). LefSe identified the most differentially abundant bacterial 

taxons among groups. Group specific enriched taxa are indicated with a positive 

LDA score bar with different colors. Control, control group; Toxic, dextran 

sulphate sodium (DSS) group. 
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Figure 21. LefSe analysis of intestinal microbiota between toxic group (DSS) and treat group (ASB). Taxonomic cladogram obtained 

from LefSe analysis of 16S rDNA sequences. Yellow stands for taxons with no significant differences. Taxons (biomarkers) with 

significant differences are colored according to the corresponding group’s color. The brightness of each dot is proportional to its 

effect size. Toxic, dextran sulphate sodium (DSS) group; Treat, the aqueous extract of sea bass (ASB) group. 
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2.4. Discussion 

The DSS-induced colitis in C57BL/6 mice showed many similarities in 

appearance to ulcerative colitis, including several pathophysiological and 

morphological features, such as weight loss, shortened colon length, production 

of inflammatory mediators, crypt damage, and focal inflammation infiltration. 

Sulfasalazine (SASP), a drug used for treating inflammatory bowel disease (IBD) 

for decades, is commonly used as positive control in colitis study (Peskar et al., 

1986; Sutherland et al., 2006; Du et al., 2017). The results indicated that ASB 

treatments showed many similarities to SASP-positive control treatment in 

treating colitis. In this study, the DSS group demonstrated anemia (lower RBC 

levels, HGB, HCT, MCV and PDW), which was significant (p < 0.05) as 

compared to control group, in agreement with the report by Larrosa et al. (2009). 

Meanwhile, results showed that ASB treatments could significantly ameliorate 

these changes (Table 1). Moreover, body weight, feed consumption, colon length 

and DAI were commonly applied as the indicators for evaluating the disease 

severity of DSS induced colitis (Chen et al., 2017; Zhu et al., 2017). Many 

researchers have shown that DSS group could markedly shorten the colon length, 

lower the body weight, and reduce feed consumption, similar to the result in this 

study (Xiao et al., 2013; Zhu et al., 2017). Treatments with ASB could 

significantly prevent colon length shortening, reduce food consumption, and 

helps in losing body weight. The current result (Fig. 4C and Fig. 8A) indicated 

that ASB treatments could reduce rectal bleeding and ameliorate colitis in mice 

with DSS-induced colitis, similar to the report by Markovic et al. (2016) and Yan 

et al. (2018). Intestinal permeability was performed to evaluate the barrier 

function, as it is an important indicator for assessing colitis. Many researches 
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indicated that increase in gut permeability was linked with greater susceptibility 

to colitis (Cani et al., 2009; Zhao et al., 2012). The FITC-Dextran assay was a 

typical method for the in vivo assessment of intestinal permeability (Cani et al., 

2009; Zhao et al., 2012). Consistent with the results in colon length and body 

weight, results showed that ASB could significantly reduce intestinal 

permeability. Collectively, the results showed that DSS successfully induced 

colitis, similar to the previous researches. In addition, the results suggest that 

ASB administration might ameliorate UC. 

For further confirmation, histopathology was studied for assessing the 

degree of colonic tissue damage and neutrophil infiltration. Previous work by Zhu 

et al. (2017) and Yan et al. (2018) have already indicated that DSS could cause 

colonic tissue damage, including inflammatory cell 57nfiltration and crypt 

damage, leading to higher histological score, while such change could be 

improved upon suitable treatments. The current study showed that ASB could 

significantly reduce the colonic tissue damage and lead to lower histological 

score as compared to the DSS group. Moreover, myeloperoxidase (MPO) is a 

critical marker for neutrophils, correlating with the extent of neutrophil 

infiltration (Xiao et al., 2013; Muthas et al., 2017). Therefore, it was very 

meaningful to detect the expression level of MPO in colonic tissue to evaluate the 

degree of colonic damage. Previous studies have already reported that neutrophil 

infiltration into injured colonic tissue could accelerate the damage of colonic 

tissue by enzyme MPO (Xiao et al., 2013; Hakansson et al., 2015; Muthas et al., 

2017). The current results showed that the expression level of MPO in inflamed 

tissue could be down-regulated upon ASB treatments (Fig. 11A-B). Based on the 
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above results, it was clearly indicated that ASB possessed potential therapeutic 

efficacy against DSS-induced colitis. 

Inflammation plays a vital role in DSS-induced colitis. TLR4 signaling, one 

of the important mechanisms for inflammation, is key receptor for commensal 

recognition in gut innate immunity (Abreu et al., 2005; Fukata et al., 2010; Cui et 

al., 2014). TLR4 signaling was the subject of therapeutics (target inhibition) in 

ulcerative colitis (UC) (Cui et al., 2014; Kim et al., 2014). Moreover, AP-1 and 

NF-κB were treated as the critical and classical pathways in TLR4 signaling (Lu 

et al., 2008; Endale et al., 2013). Many researchers have already elucidated that 

over-expression of TLR4-linked NF-κB activation was typical in inflamed 

colonic tissue (Kim et al., 2014; Yan et al., 2018). Therefore, in vivo studies on 

the effect of ASB treatment in inflammation through TLR4 signaling were 

evaluated. The present in vivo studies showed that the activation of TLR4 

signaling associated cytokines was up-regulated in the DSS-induced colitis. 

However, the up-regulation of TLR4 signaling associated cytokines were 

markedly inhibited upon ASB treatments. The results indicated that inflammatory 

mediators in DSS-induced colitis could be inhibited upon ASB treatments, 

similar to the previous researches (Cani et al., 2009; Demon et al., 2014; Chen et 

al., 2017). According to the in vivo studies, current results demonstrated that ASB 

treatments ameliorate the intestinal inflammation in gut, and may correlated with 

the suppression of the activation of TLR4 signaling.  

To date, numerous studies have already reported that microbiota exhibited 

various kinds of potential benefit to human health. The dysbiosis of gut 

microbiota are commonly linked to numerous inflammatory associated conditions, 

including IBS and IBD. Therefore, further analysis the effect of ASB on gut 



 59 

microbiota in ulcerative colitis was conducted. To discover the differences of gut 

microbiota, α-diversity analysis, β-diversity, and species variance statistics were 

the commonly investigated among groups. In this study, the gut microbiota 

analysis was focus on the evaluation of β-diversity and species variance. In 

β-diversity analysis, PcoA was conducted for analysis the differences among the 

microbial communities. Similar to Munyaka et al. (2016), fecal samples clustered 

was obviously separated between DSS and control group. For further evaluation, 

the relative abundance of gut microbiota at phylum and genus were conducted. 

Firmicutes, and Bacteroidetes were identified as the abundant (> 2% of 

community) bacteria at phylum. Similar to Harris et al. (2012) reported that the 

composition of the bacteria in gut are approximately classified into four main 

groups, including Firmicutes, Bacteroidetes, Actinobacteria, and Proteobacteria. 

Moreover, the relative abundance of Bacteroidetes (Fig. 16) was significantly (p 

< 0.05) reduced upon DSS treatment while ASB treatment showed no significant 

difference as compared to the control group. Similar to the report by Li et al. 

(2017b), the relative abundance of Bacteroidetes at phylum significantly recover 

to a relative high level upon treatment, similar to the control group. Dubin et al 

(2016) also established that increase fecal abundance of Bacteroidetes at phylum 

can significantly ameliorate colitis. The current result indicated that ASB 

treatment possessed a potential therapeutic effect in ameliorating colitis.  

Gut microbiota is the largest number of bacterial groups in the body (Harris 

et al., 2012). The correlation of the microbiota function in treating colitis were 

very complex. Different treatments may lead to various results for investigation 

and evaluation. To date, the investigation of gut microbiota on ulcerative colitis 

still lack of systematic study. Compare to the study of gut microbiota on 
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ulcerative colitis, investigation on IBS seems to be more systematic and deeper. 

Numerous studies indicated that IBD and IBS showed many similarities in the gut 

microbiota study, may have similar pathogenesis (Putignani et al., 2016). The 

critical findings in the composition of bacteria in IBS dysbiosis include an 

increase in the Bacteroidetes, similar to this study (Stojanović et al., 2001; Jeffery 

et al., 2014; Bhattarai et al., 2016). 

For species variance statistics of gut microbiota, LefSe analysis was 

conducted for identifying the biomarkers. Christensenellaceae (Fig. 20) was 

found to be the abundant bacteria in toxic (DSS) group as compared to the control 

group while the abundant bacterium was obtained recovery in treat (ASB) group. 

However, the study on the correlation between Christensenellaceae and the 

ulcerative colitis still lack of study. But Christensenellaceae could be identified 

as the effective biomarker among the control, DSS and ASB group in this study. 

Moreover, it also provides the basis for further deeper investigation combined 

with the results of inflammatory indicators in the blood or tissue with colitis. 

Accumulated results suggested that the homeostatic of gut microbiota upon ASB 

treatment might positively influence the inflammatory disease pathogenesis. The 

finding in the study of microbiota might be an important factor for taking ASB 

into the future drug design. 

2.5. Summary 

The current results clearly indicate that ASB possesses potential 

anti-inflammation therapeutic effect through inhibiting the activation of TLR4 

signaling against DSS-induced colitis. The production of pro-inflammatory 

cytokines in inflamed models was markedly reduced upon ASB treatments. 

Results also indicated that ASB could significantly ameliorate several 
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pathophysiological and morphological features in DSS-induced colitis. The 

current work illustrated that ASB treatments ameliorate the intestinal 

inflammation in gut, and may correlate with an inhibitory effect on TLR4 

signaling activation, and thus, could be a promising candidate for treating UC. In 

addition, it also establishes a pharmacological basis for the folk use of sea bass.  

Furthermore, this study also evaluated the effects of ASB on gut microbiota 

in correlation to ulcerative colitis, based on β-diversity analysis and species 

variance statistics. Results showed that fecal samples clustered was obviously 

separated between DSS and control group. For the fecal sample in treat (ASB) 

group, clustered were spread from the cluster of the toxic (DSS) group. The 

relative abundance of Bacteroidetes at phylum level was significantly (p < 0.05) 

reduced upon DSS treatment while ASB treatment showed no significant 

differences as compared to the control group. Christensenellaceae was identified 

as the potential biomarker for treating colitis. The current results elucidated the 

homeostatic of gut microbiota upon ASB treatment might positively influence the 

inflammatory disease pathogenesis. Establishing a further justification for clinical 

application of ASB in precision editing the gut microbiota and further ameliorates 

colitis. 
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Chapter III  

In vivo Evaluation on Dietary Therapy Effect of Sea Bass in 

Managing Inflammation-associated Conditions in Wound Healing 

3.1. Introduction 

Wound healing is an utterly complex process, including four main steps: 

haemostasis, inflammation, proliferation, re-modeling, and scar formation 

(Landen et al., 2016). Stimulation of new blood vessel formation, inhibition of 

inflammatory cytokines secretion, proliferation of fibroblasts and production of 

connective tissue play a vital role during wound healing (Bao et al., 2009; Wang 

et al., 2017a). The molecular mechanisms underlying inflammation and 

proliferation during skin wound healing will be focused in this study. For 

inflammation phase, it includes the activation of innate immune system. During 

this phase, macrophages differentiation, monocytes, lymphocytes and neutrophils 

infiltrate on the site of wound for concurrent with haemostasis (Landen et al., 

2016). The existence of inflammatory mediators is very common in inflammatory 

process. However, hyper-response or prolonged inflammation will lead to 

delayed union which is harmful for many associated diseases (Goodson and Hunt, 

1977; Fahey et al., 1991). Inflammation is the basis of plenty of pathological 

human diseases and plays important roles in complex immune system (Winyard 

and Willoughby, 2003; Jang et al., 2016). Therefore, inhibition of inflammation 

deemed very important in the skin wound healing. For the mechanism study of 

inflammation, macrophages have already been studied as a key factor in the 

progression of tissue inflammation (Li et al., 2015; Wang and Zhang, 2015; Liu et 

al., 2017b). For inflammatory responses, NF-ĸB is the common pathways in 

TLR4 signaling that it has already been discovered (Delhase, 2003). Many 
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researches showed that the degradation of phosphorylation of Akt, IκBɑ and the 

translocation of p50 and p65 heterodimer were the critical processes for NF-κB 

activation in response to various stimuli (Barrientos et al., 2008; Chun et al., 2012; 

Cheng et al., 2015). Moreover, the secretions of TNF-α, COX-2, iNOS, and NO 

production were the important inflammatory mediators in TLR4 signaling in 

inflammatory responses. TNF-α is a pleiotropic cytokine and an important 

mediator of inflammation (Kumar et al., 2017). The inhibition of TNF-α secretion 

results in anti-inflammation (Wu et al., 2017). Additionally, myeloperoxidase 

(MPO) was identified as a new biomarker of inflammation, mainly store in 

neutrophils and macrophages (Loria et al., 2008). It is a kind of enzyme that can 

be applied for identifying the degree of inflammatory infiltration in wounded area 

(Chereddy et al., 2013). For proliferation phase, the mainly aims are granulation 

tissue formation, angiogenesis, and re-epithelialization during skin wound healing. 

Numerous studies mentioned that angiogenesis is key for wound healing, newly 

formed blood vessels are essential for supporting nutrition and oxygen in tissue 

repair (Wang et al., 2017a). Alpha smooth muscle actin (α-SMA) is a kind of 

myofibroblast specific marker, closely link to blood vessels formation (Yeh et al., 

2017). α-SMA is an essential parameter for indicating blood vessels formation 

and further promote wound healing (Wang et al., 2017a). Re-epithelialization 

plays a vital role in skin regeneration, providing an ideally wound bed for 

remodeling. The production of connective tissue and abundant collagen are the 

critical factors for further fasten skin regeneration (Wang et al., 2017a; Yeh et al., 

2017). The mechanisms of skin wound healing are very complex and link to a 

series of biological responses. Transition from inflammation to the proliferation 

phase has been treated as the critical step in wound repairing.  
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Consumption of fish is popular in human daily meal. Fish is well known to 

be rich in polyunsaturated fatty acids with functional effects (Zuraini et al., 2006). 

It has been studied that dietary supplement with fish can benefit for treating many 

inflammatory–associated conditions, such as cardiovascular disease, ulcerative 

colitis and hyperlipidemia (Stenson et al., 1992; Wang et al., 2006; Eslick et al., 

2009; Siscovick et al., 2017). Sea bass (L. maculatus) is a kind of fish with high 

nutritional values (Liu et al., 2016; Wang et al., 2017b). It is an economically 

important cultured fish species in the China and Japan. Sea bass could live in both 

freshwater and brackish water. For brackish water sea bass, Baijiao sea bass 

located in Zhuhai was treated as one of the representative species. As a local 

product, Baijiao sea bass has been titled as a geographical indication of local 

famous product of Zhuhai. Traditional Chinese medicinal books also documented 

that sea bass can be used to manage inflammation-associated conditions such as 

wound, miscarriage, and cough (Luo, 2006). However, the mechanisms of action 

of sea bass remain unclear. The aim of this study is to investigate the molecular 

mechanisms of sea bass on wound healing efficacy.  

In this study, angiogenesis associated indicators and the production of 

connective tissue effects upon ASB treatments in cutaneous wound model were 

investigated. The mechanisms underlying the inflammation and proliferation 

stages on wound healing were evaluated by in vivo studies. Ideally, this study 

provides evidences that ASB treatments possess a potential wound healing 

efficacy via stimulation of new blood vessel formation, inhibition of 

inflammatory cytokines secretion, acceleration of collagen deposition and the 

production of connective tissue. It illustrated the therapeutic potential of ASB in 

managing inflammation-associated conditions (wound healing). 
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3.2. Materials and methods 

3.2.1. Materials and reagents 

Disposable biopsy punch was purchased from Integra LifeSciences 

Corporation (York, PA, U.S.A.). Hemolysis reagent (M-52LH and M-52DIFF) 

were purchased from Mindray bio-medical Electronics Co., Ltd (Shenzhen, 

China). MPO and α-SMA were obtained from abcam (Cambridge, UK). ELISA 

kits for cytokines TNF-ɑ (Catalogue number: 50-112-8954) determinations were 

purchased from Invitrogen (Carlsbad, CA, U.S.A.). All other chemicals were 

analytical grade.  

3.2.2. Establishment of wound model 

Male C57BL/6 mice (8 weeks, ~22g) were purchased from SPF (Beijing) 

Biotechnology Co., Ltd. The animal procedures were performed in accordance 

with the instructions for animal care and approved by the animal ethics 

committee of Zunyi Medical University, Zhuhai campus. Additionally, all animal 

treatments were complied with the “Guide for the Care and Use of Laboratory 

Animals” published by the National Institutes of Health (NIH). Mice were 

anesthetized by intraperitoneal injection with 1% pentobarbital sodium (50 

mg/kg). After shaving and sterilization, a full thickness wound (8-mm in diameter) 

was made in their dorsal skin by using disposable biopsy punch (Integra®  miltex® , 

U.S.A.). As followed, a 12-mm diameter silicon rubber ring was sutured around 

the perimeter of the wound to restrict contraction, and then cover with sterilized 

wound adhesive bandage and bandage for protection (Fig. 22). The mice were 

randomly divided into five groups as following: a control group (DDI water), 

three ASB groups (low-dosage: 1.125 g/kg; mid-dosage: 2.25 g/kg; high-dosage: 

4.5 g/kg) and a positive control group (vitamin E: 280 mg/kg/day). After surgery, 
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ASB, vitamin E and DDI water were immediately given orally once daily by 

intragastric administration. The wounds were photographed and diameters were 

measured using Vernier callipers at the widest point of the wound. The change in 

wound size was identified as wound closure, the calculations of wound closure 

were using following formula: 

 

 
Figure 22. A schematic diagram for conducting cutaneous wound model for in 

vivo study. 

3.2.3. Hematological and biochemical parameters analysis 

Hematological parameters were analyzed using BC-5000 automated 

hematological analyzer (Mindray bio-medical electronics Co., Ltd., Shenzhen, 

China), with specific software for mice blood samples. The hematological 

parameters analysis were white blood cell (WBC), neutrophil values (Neu#), 

lymphocyte values (Lymph#), monocyte values (Mon#), eosinophil values (Eos#), 

basophil values (Bas#), hemoglobin (HGB), hematocrit (HCT), mean corpuscular 

volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular 

hemoglobin concentration (MCHC), red blood cell (RBC), red cell distribution 

width coefficient of variation (RDW-CV), platelets (PLT), mean platelet value 

(MPV), platelet distribution width (PDW), procalcitonin (PCT), and Neu%, 

100
0day on diameter  wound

indicatedday on diameter   wound- 0day on diameter  wound
 = (%) closure Wound 
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Lymph%, Mon%, Eos%, Bas%, percentages of corresponding cell over white 

blood cell, respectively.  

Serum concentrations of superoxide dismutase (SOD) were quantified by 

WST-1 method using a commercial kit (A001-3, Nanjing Jiancheng 

Bioengineering Institute, China). The content of myeloperoxidase (MPO) in 

serum was determined using mouse MPO ELISA kit (EK0943, BOSTER 

Biological Technology Co. Ltd., Wuhan, China). 

3.2.4. Enzyme-linked immunosorbent assay (ELISA) analysis 

The production of cytokines TNF-α in serum and the content of TNF-α in 

the culture supernatants of wound skin of mice upon ASB treatments were 

quantified using ELISA kits (eBioscience, San Diego, CA, U.S.A.) by following 

the manufacturer's instruction. 

3.2.5. Histology and immunofluorescence 

At day 13 after operation, all mice were euthanized and the healing skin 

(6-mm) were removed by disposable biopsy punch (IntegraTM miltex® , York, PA, 

U.S.A.). The skin tissue was fixed in 10% formalin solution overnight and then 

processed, embedded in paraffin and cut into 4 µm thick sections. 

Histopathological examinations were conducted by H&E staining and Masson 

staining according to the manufacturer’s instructions. Images were obtained on 

Nikon Eclipse C1 microscopy (Tokyo, Japan). To quantify the blood vessel 

formation and inflammatory responses in wound healing, the expression of 

α-SMA and MPO were detected by immunofluorescence (IF) analysis. The 

positive expression levels in IF images were processed and quantified using 

Image-Pro Plus 6.0. 
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3.2.6. Statistical analysis 

Analyses were performed in triplicate, and results were expressed as mean ± 

SD. For multiple group comparisons, one-way analysis of variance (ANOVA) 

was conducted by Dunnett’s post hoc test and applied for determining the 

significance (p < 0.05) differences. Statistical analyses were performed using 

GraphPad Prism version 5.0 (GraphPad Software, San Diego, CA, U.S.A.). 

3.3. Results 

3.3.1. ASB ameliorated inflammatory responses during wound healing 

In order to obtain the prediction of wound infection in wound healing model, 

hematological parameters in serum were performed in this study. As the results 

showed (Table 2), most of the parameters were matched with the normal values 

range (NVR), except for inflammation associated indicators (percentages of 

neutrophil over white blood cell (Neu%), platelets (PLT), and procalcitonin 

(PCT)). Lower Neu%, higher PLT, and PCT were found in all groups compare to 

NVR, but no significant differences (p < 0.05) among control, vitamin E (VTE) 

and ASB groups. Results (Fig. 23B) also showed that the concentrations of SOD 

in serum was no significant differences (p < 0.05) among control, vitamin E 

(VTE) and ASB groups. Additionally, body weights of all mice upon treatments 

were without significantly changes shown as Fig. 24. Myeloperoxidase (MPO), a 

biomarker of inflammation, existing in neutrophils and macrophages. Images of 

immunofluorescence (IF) (Fig. 25 and Fig. 26) presented significantly (p < 0.05) 

fewer MPO positive cells in wound area upon ASB treatments in a 

dose-dependent manner. It indicated that lower numbers of neutrophils and 

macrophages in wound region upon ASB treatments. Additionally, MPO activity 

in serum performed that it owing an inhibited trend upon ASB treatments, but 
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without significant differences (Fig. 23A). Moreover, the secretion of 

pro-inflammatory cytokine TNF-α into serum and the expression levels of TNF-α 

in wounded skin tissue were investigated. As shown in Fig. 27, the productions of 

TNF-α in serum were markedly inhibited upon ASB treatments with medium and 

high dosage (17.53 ± 2.9 pg/mL, 11.45 ± 2.39 pg/mL, respectively) compare to 

the control group (29.59 ± 8.27 pg/mL). Results (Fig. 28) also showed that the 

expression levels of TNF-α in wounded skin tissue (60.82 ± 17.51 pg/100mg 

colon) were efficiently down-regulated upon ASB treatment with low, medium 

and high dosage (29.37 ± 10.17, 45.54 ± 15.78, 27.31 ± 2.83 pg/100mg colon, 

respectively) with significant differences (p < 0.05). Together, wounded mice 

possessed different levels of inflammation. Results indicated that ASB treatments 

could efficiently decrease the inflammatory responses in wounds area and lead to 

accelerate wound healing. 
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Table 2. Hematological parameters of mice in wound healing model. 

Parameter Control ASB (1.125 g/kg) ASB (2.25 g/kg) ASB (4.5 g/kg) VTE NVR 

WBC (109/L) 2.71 ± 0.99a 2.75 ± 1.31a 2.87 ± 0.77a 2.51 ± 0.61a 1.95 ± 0.28a 2.53~4.62 

Neu# (109/L) 0.78 ± 0.78a 1.03 ± 1.08a 0.46 ± 0.26a 0.67 ± 0.52a 0.45 ± 0.20a 0.47~3.01 

Lymph# (109/L) 1.93 ± 0.55ab 1.72 ± 0.53ab 2.41 ± 0.92a 1.84 ± 0.50ab 1.50 ± 0.40b 1.23~2.31 

Mon# (109/L) 0 ± 0a 0 ± 0a 0 ± 0a 0 ± 0a 0 ± 0a 0 

Eos# (109/L) 0.003 ± 0.01a 0 ± 0a 0 ± 0a 0 ± 0a 0 ± 0a 0~0.02 

Bas# (109/L) 0 ± 0a 0 ± 0a 0 ± 0a 0 ± 0a 0 ± 0a 0 

Neu% (%) 24.9 ± 17.8a 31.4 ± 21.0a 18.0 ± 13.1a 25.3 ± 15.3a 24.2 ± 12.7a 39.6~66.1 

Lymph% (%) 74.9 ± 17.7a 68.6 ± 21.0a 81.9 ± 13.2a 74.7 ± 15.3a 75.7± 12.7a 33.7~81.3 

Mon% (%) 0.04 ± 0.08a 0.03 ± 0.08a 0.01 ± 0.04a 0 ± 0a 0 ± 0a 0 

Eos% (%) 0.13 ± 0.22a 0.01 ± 0.04ab 0.03 ± 0.08ab 0± 0b 0 ± 0b 0~0.7 

Bas% (%) 0.06 ± 0.10a 0 ± 0a 0.01 ± 0.04a 0 ± 0a 0.03 ± 0.05a 0~0.2 

RBC (1012/L) 7.89 ± 0.64a 7.71 ± 0.49a 7.81 ± 0.60a 8.20 ± 0.43a 7.90 ± 0.53a 6.68~8.28 

HGB (g/L) 119 ± 11a 116 ± 8a 119 ± 10a 124 ± 6a 120 ± 8a 106~129 

HCT (%) 39.4 ± 3.6a 38.2 ± 2.7a 38.8 ± 3.3a 40.9 ± 2.0a 39.6 ± 3.0a 33.9~41.8 
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MCV (fL) 50.0 ± 1.2a 49.5 ± 0.8a 49.6 ± 0.7a 49.9 ± 0.4a 50.1 ± 0.8a 49.2~51.3 

MCH (pg) 15.1 ± 0.3a 15.1 ± 0.2a 15.3 ± 0.2a 15.0 ± 0.2a 15.2 ± 0.3a 15.2~15.9 

MCHC (g/L) 301 ± 3a 305 ± 5a 307 ± 4a 302 ± 3a 303 ± 6a 299~313 

RDW-CV (%) 14.9 ± 0.9a 14.0 ± 0.7a 13.8 ± 1.3a 13.9 ± 0.5a 14.0 ± 0.9a 12.6~15.1 

PLT (109/L) 717 ± 82a 713 ± 91a 745 ± 114a 737 ± 69a 724 ± 71a 526~662 

MPV (fL) 5.5 ± 0.2a 5.4 ± 0.1ab 5.3 ± 0bc 5.2 ± 0.1c 5.2 ± 0.1c 5.2~5.7 

PDW 14.9 ± 0.3a 14.9 ± 0.2a 14.8 ± 0.2a 14.9 ± 0.1a 14.8 ± 0.2a 14.7~14.9 

PCT (%) 0.398 ± 0.049a 0.386 ± 0.047a 0.397 ± 0.062a 0.387 ± 0.038a 0.380 ± 0.040a 0.274~0.362 

Results shown correspond to the end of the experiment (day 13), expressing as mean ± SD, n=7 independent experiments. ASB, the 

aqueous extract of sea bass; VTE, vitamin E; WBC, white blood cell; Neu#, neutrophil values; Lymph#, lymphocyte values; Mon#, 

monocyte values; Eos#, eosinophil values; Bas#, basophil values; Neu%, Lymph%, Mon%, Eos% and Bas%, percentages of 

corresponding cell over white blood cell; RBC, red blood cell; HGB, hemoglobin; HCT, hematocrit; MCV, mean corpuscular 

volume; MCH, mean corpuscular hemoglobin; MCHC, mean corpuscular hemoglobin concentration; RDW-CV, red cell distribution 

width coefficient of variation; PLT, platelets; MPV, mean platelet value; PDW, platelet distribution width; PCT, procalcitonin. 

Hematological inflammatory parameters of each row were marked by the same letter are not significantly different. Significance is 

represented as p < 0.05. 
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Figure 23. Effects of ASB treatments on production of MPO (A) and SOD (B) in 

the serum of mice with cutaneous wound. ASB, the aqueous extract of sea bass; 

VTE, vitamin E. 
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Figure 24. Influence of body weight of mice compared to initial weight at 

different times. ASB, the aqueous extract of sea bass; VTE, vitamin E. n = 7 

independent experiments. 
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Figure 25. Representative images of MPO immunostaining (scale bar: 50 μm) 

(MPO, myeloperoxidase; ASB, the aqueous extract of sea bass; VTE, vitamin E; 

DAPI, 4',6-diamidino-2-phenylindole). 
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Figure 26. Effect of ASB treatment on MPO positive cells in wound area (ASB, 

the aqueous extract of sea bass; VTE, vitamin E; MPO, myeloperoxidase). MPO 

positive cells percentages were marked by the same letter are not significantly 

different (p < 0.05). 

 
Figure 27. Influence of the secretions of TNF-α into serum upon ASB treatments 

(ASB, the aqueous extract of sea bass; VTE, vitamin E; TNF-α, tumor necrosis 

factor alpha). n = 6 independent experiments. *indicates p < 0.05 compared with 

corresponding controls. **indicates p < 0.01 compared with corresponding 

controls. 
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Figure 28. Influence of the expression level of TNF-α in skin tissue upon ASB 

treatments (ASB, the aqueous extract of sea bass; VTE, vitamin E; TNF-α, tumor 

necrosis factor alpha). n = 3 independent experiments. The expression levels of 

TNF-α marked by the same letter are not significantly different. Significance is 

represented as p < 0.05. 

3.3.2. ASB accelerated angiogenesis during wound healing 

The cutaneous wound model was applied on skin wound healing study to 

observe the healing process in C57BL/6 mice upon ASB treatments. Vitamin E 

(VTE) as the positive control also evaluate in this study. The images of wounds 

(Fig. 29) showed that the healing conditions on the surface and the endothelium 

of the skin were observed a better acceleration upon ASB treatments. Obviously, 

ASB groups showed less connective tissue and blood clot formation on the 

endothelium of the skin on day 13. As shown in Fig. 30, the wound closure 

percentage was significantly (p < 0.05) higher in ASB group in comparison with 

the control group. According to the observation of H&E staining, results showed 

that ASB treatments markedly accelerated skin contraction, skin organ maturation 

and wound healing in wounds. Additionally, fewer inflammatory cells infiltration 
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was appeared in wounds compare to the control group, especially neutrophil 

infiltration. 

Angiogenesis and wound contraction played vital role during the 

proliferation phase of wound healing. As Fig. 31 showed, shorter wound length 

was observed in both ASB and VTE group via hematoxylin and eosin (H&E) 

staining. Results showed that ASB treatments markedly accelerated skin 

contraction, skin organ maturation and wound healing in wounds. Moreover, the 

quantification result shown in Fig. 32 also indicated that ASB could significantly 

shorten the length of wound area compare to the control group. Furthermore, 

strong positive immunostaining of α-SMA on wounds upon ASB treatments were 

observed shown as Fig. 33. Alpha smooth muscle actin (α-SMA) is a kind of 

myofibroblast specific marker, closely link to blood vessels formation. As result 

shown in Fig. 34, it indicated that ASB treatments could significantly (p < 0.05) 

facilitated vessel formation assessed via quantitative α-SMA immunostaining. 

Together, current results illustrated that ASB treatments could markedly enhance 

wound healing through accelerate the newly formed vessels and wound 

contraction during the proliferation phase of wound healing. 
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Figure 29. Representative images of the wound healing process upon ASB 

treatments and positive control (ASB, the aqueous extract of sea bass; VTE, 

vitamin E) in mice on different days. 

 
Figure 30. Wound closure percentages at different times (ASB, the aqueous 

extract of sea bass; VTE, vitamin E). n = 7 independent experiments. Wound 

closure percentages marked by the same letter are not significantly different (p < 

0.05).  
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Figure 31. Representative images of H&E staining sections of wounds (scale bar: 

500 μm, 50 μm; ASB, the aqueous extract of sea bass; VTE, vitamin E). n=3 

independent experiments. 
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Figure 32. Effect of ASB treatment on the length of wound area (ASB, the 

aqueous extract of sea bass; VTE, vitamin E). n = 3 independent experiments. 

Wound length index were marked by the same letter are not significantly different. 

Significance is represented as p < 0.05. 
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Figure 33. Representative images of α-SMA immunostaining (ASB, the aqueous 

extract of sea bass; VTE, vitamin E; α-SMA, alpha smooth muscle actin; scale 

bar: 50 μm). 
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Figure 34. Effect of ASB treatment on the number of vessels in wound area 

(ASB, the aqueous extract of sea bass; VTE, vitamin E). Number of vessels were 

marked by the same letter are not significantly different. Significance is 

represented as p < 0.05. 

3.3.3. ASB accelerated collagen deposition and re-epithelialization 

In Masson Trichrome staining, results performed that blue color represent 

as collagen fiber, red color mainly represent as myofiber and red blood cell, and 

black-blue color represent as cell nucleus. The stronger blue color revealed more 

collagen fiber formation upon ASB or VTE treatments in comparison with 

control group from the images of Masson Trichrome staining (Fig. 35). 

Additionally, abundant collagen appeared in wound areas upon ASB treatments 

with well organized. The images showed that irregularly organization with 

loosely packed collagen fibers were observed in control group. Compared to the 

control group, ASB treated wounds owning more densely collagen fibers running 

in a parallel arrangement similar to the normal group. It indicated that ASB 

treatments enhanced the collagen deposition and re-epithelialization for further 

accelerate wound healing. 
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Figure 35. Representative images of Masson Trichrome staining sections of 

wounds (blue: collagen; red: cytoplasm and muscle fibers; ASB, the aqueous 

extract of sea bass; VTE, vitamin E; scale bar: 200 μm, 20 μm). n = 3 

independent experiments. 
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3.4. Discussion  

 In this study, cutaneous wound model was built up to study the processes 

of wound healing upon ASB treatments. Wound closure results and body weight 

were measured on days 3, 5, 7, 9, 11 and 13 after wounding. Histopathological 

examinations were conducted by H&E and Masson Trichrome staining. The 

current results were similar to the previous works by Yuan et al. (2018) and 

Wang et al. (2017). The previous reports indicated that wound closure ability and 

the conditions of inflammatory cells infiltration can be identified by 

photographed wounds and H&E staining. Higher wound closure and fewer 

inflammatory cells infiltration in wounds could be used for illustrating the 

acceleration of wound healing (Wang et al., 2017; Yuan et al., 2018). The present 

study observed that the healing conditions on the surface and the endothelium of 

the skin were observed a better acceleration shown as (Fig. 30). Less connective 

tissue and blood clot formation on the endothelium upon ASB treatments. The 

wound closure percentage was significantly (p < 0.05) higher in ASB group in 

comparison with the control group. According to the observation of H&E staining, 

results showed that ASB treatments markedly accelerated skin contraction, skin 

organ maturation and wound healing in wounds. Additionally, fewer 

inflammatory cells (e.g. neutrophil, lymphocyte, plasmocyte) infiltration was 

appeared in wounds compare to the control group, especially neutrophil 

infiltration. Additionally, Masson Trichrome staining was commonly applied for 

identifying the collagen in wounds (Sidhu et al., 1998). The present results were 

similar to Wang et al. (2017) and Sidhu et al. (1998). Collagen is stained blue 

with Masson’s Trichrome staining, deeper degree of blue color in wounds 

represented more collagen deposition (Sidhu et al., 1998; Wang et al., 2017). The 
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current results showed that stronger blue staining revealed upon ASB or VTE 

treatments in comparison with control group (Fig. 35). Additionally, densely 

abundant collagen was appeared in wound areas upon ASB treatments with well 

organized. The current works indicated that ASB treatments enhanced the 

collagen deposition and re-epithelialization for further accelerate wound healing. 

Based on the above results, it indicated that ASB treatment can decrease the 

inflammatory cells infiltration, boosting collagen deposition and 

re-epithelialization for accelerating wound healing. 

Moreover, numerous studies performed that wound infection is associated 

with adverse changes in hematological parameters (Soranzo et al., 2009; Yilmaz 

and Ergun, 2015). However, the effects of ASB treatment on hematological 

parameters were lack of documented. In order to obtain the prediction of wound 

infection in wound healing model, hematological parameters in serum were 

performed in this study. As the results showed, most of the parameters were fitted 

for the normal values range (NVR). Additionally, all mice in this model had no 

body weight loss. Together, results indicated that mice in cutaneous wound 

model were suffered slightly inflammatory infection and contained a series of 

inflammatory mediators, but without leading to serious infection or potential 

unknown diseases. Mice in ASB (12 g/kg and 24 g/kg) group exhibited a 

significant (p < 0.05) lower TNF-α secretion in serum in comparison with the 

control group. Moreover, the expression level of inflammatory cytokines TNF-α 

in wounded skin tissue were inhibited upon ASB treatments. ASB treatments also 

down-regulated the expression levels of MPO in skin tissue. As previous 

mentioned, it has been identified that a series of cell events and mediators 

associated with wound healing could be treated as biomarkers, including TNF-α 
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and MPO (Das et al., 2016; Kandhare et al., 2016). Similar to the current results, 

the secretions of TNF-α in serum were inhibited and the expression levels of 

MPO and TNF-α in wounded skin tissue were down-regulated upon ASB 

treatments. The current works indicated that ASB demonstrated an inhibitory 

effect on inflammation in wounded area in vivo.  

Furthermore, angiogenesis and wound contraction also played vital role 

during the proliferation phase of wound healing (Martin, 1997; Wang et al., 

2017). Immunofluorescence was performed to identify α-Smooth muscle actin 

(α-SMA). Images of α-SMA immunostaining showed that treatments with ASB 

accelerated the expression level of α-SMA. Strong positive immunostaining of 

α-SMA on wounds confirmed ASB treatments could markedly accelerated the 

newly formed vessels. Moreover, ASB treatments significantly facilitated vessel 

formation was observed via quantitative α-SMA. Similar to previous reports of 

Yeh et al. (2017) and Wang et al. (2017) showed, the expression levels of α-SMA 

in wounds could be up-regulated by enhancing wound healing. The results could 

be confirmed that ASB treatment promoted angiogenesis and further fastened 

wound healing. Together, the cutaneous wound model studies could indicate that 

ASB treatment has a potential on accelerating the wound healing via abundant 

collagen deposition with well-organization, inflammation amelioration, 

angiogenesis, strengthen the skin contraction and skin organ maturation.  

3.5. Summary 

Sea bass has traditionally been used to manage inflammation - associated 

conditions such as wound, miscarriage and cough that documented by traditional 

Chinese medicinal book (Luo, 2006). In this study, angiogenesis associated 

indicators and the production of connective tissue effects upon ASB treatments in 
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cutaneous wound model were investigated. The mechanisms underlying the 

inflammation and proliferation stages on wound healing were evaluated by in 

vivo studies. Current results indicated that cutaneous wound model in C57BL/6 

mice upon ASB treatments showed many similarities in appearance to the process 

of wound healing acceleration. The in vivo study performed that ASB treatments 

possess a potential wound healing efficacy via stimulation of new blood vessel 

formation, inhibition of inflammatory cytokines secretion, acceleration of 

collagen deposition and the production of connective tissue. The present study 

illustrated the potential of ASB in accelerating skin wound healing. It also 

provided a pharmacological basis for the folk use of sea bass in managing 

inflammation associated conditions (wound healing). 
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Chapter IV  

In vitro Evaluation of Anti-inflammatory Activity of Sea Bass on 

Macrophages 

4.1. Introduction 

Sea bass (L. maculatus) is an economically important cultured fish species 

and has a long history of managing inflammation-associated conditions. 

However,the mechanism of action of sea bass needs to be investigated. Therefore, 

the aim of this chapter was to study the effect of ASB in anti-inflammatory 

activities by in vitro experiments. Generally, inflammation is a defense response 

of immune system against injurious stimulus. Monocytes and mcrophages are the 

vital part of the innate immune system. In particular, macrophages takes the main 

responsibility in the regulation of the innate immune system (Liu et al., 2017; 

Pham et al., 2017). Additionally, inflammation also vital in the pathogenesis of 

numerous conditions, including wound healing, colitis. Inflammation plays a 

critical role in normal skin wound healing and commonly lasts for 2-5 days. 

Monocytes will recruit to the wound site and differentiate into macrophages for 

supporting wound healing. Moreover, many studies reported that the process of 

colitis is closely linked with neutrophils and macrophages (Nakatsuji et al., 2015; 

Haribhai et al., 2016; Yan et al., 2018). Therefore, the aim of this chapter was to 

discover the molecular mechanisms of anti-inflammatory effects of the aqueous 

extract of sea bass (ASB) by in vitro studies.  

As one of the typical in vitro models for inflammation investigation, 

lipopolysaccharide (LPS)-activated macrophages were applied in this study (Hsu 

et al., 2013; Jang et al., 2016; Liu et al., 2017). Macrophages is essential in the 

releasing of pro-inflammatory mediators in strong immune response to numerous 
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stimuli, including 89hemotactic8989aride. Many reports have indicated that 

inflammation in macrophages is closely linked to the activation of toll like 

receptor (TLR)-4 signaling (Chen et al., 2014; Cheng et al., 2014; Du et al., 2017). 

When macrophages are stimulated by LPS, the TLR4 signaling pathway will be 

initiated. NF-kB, AP-1 and IRF-3 are the typical pathways in TLR4 signaling 

which are associated with the inflammation triggered by the innate immune 

system (Delhase et al., 2003; Ahn et al., 2015b). The activation of NF-kB, AP-1 

or IRF-3 pathways will lead to the production of a series of inflammatory 

mediators, including interferon gamma (IFN-γ), tumornecrosis factor alpha 

(TNF-α), and monocyte chemoattractant protein-1 (MCP-1). The TNF-α is a 

pleiotropic cytokine, which is an important mediator of inflammation (Kumar et 

al., 2017). The inhibition of TNF-α secretion in LPS-induced macrophages results 

in anti-inflammation (Wu et al., 2017). MCP-1 and CCL-5 are the highly 

representative chemokine in inflammation (Cheng et al., 2015). For MCP-1, it is 

critical in the pathogenesis of liver disease and granulomatous inflammation 

(Cheng et al., 2015; Xie et al., 2016). The regulation of TNF-α, MCP-1, IFN-γ, 

and CCL-5 via NF-κB, AP-1 and IRF-3 pathways are important mechanisms in 

inflammatory responses (Cheng et al., 2015). The potential of sea bass against 

anti-inflammation has not yet been discovered by in vitro studies. However, 

traditional Chinese medicinal books indicated that sea bass could be applied for 

anti-inflammation. Additionally, numerous studies indicated that hydrolysates 

from various fish had anti-oxidative activities (Chalamaiah et al., 2012). 

Moreover, anti-oxidative activities always treated as a closely link to the 

anti-inflammatory capacities (Siti et al., 2015). Therefore, a good understanding 

of the anti-inflammatory activities of sea bass is necessary and essential for 
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providing the pharmacological basis for the folk use of sea bass, and further, its 

application in the medical industry. 

4.2. Materials and methods 

4.2.1. Materials and chemicals 

Lipopolysaccharide (LPS, purified from Escherichia coli O55: B5), 

bovine serum albumin (BSA), and 3-(4, 5-dimethylthiazol-2-yl)-2, 

5-diphenylthiazolium bromide (MTT) were obtained from Sigma Chemical Co. 

(St. Louis, MO, U.S.A.). Dulbecco’s Modified Eagle Medium (DMEM), fetal 

bovine serum (FBS), penicillin and streptomycin were purchased from HyClone 

(Logan, UT, U.S.A.). RAW 264.7 cell line (ATCC no.: TIB-71) derived from 

murine macrophages was purchased from ATCC (Rockville, MD, U.S.A.). 

Dimethylsulphoxide (DMSO) was purchased from RCI Labscan Limited 

(Bangkok, Thailand). Akt (11E7), 90hemotac-Akt (S473), TAK1 (D94D7), 

90hemotac-TAK1 (S412), 90hemotac-IκBα (Ser32/36), MyD88 (D80F5), p38 

mitogen-activated protein kinase (p38), phosphor-p38, extracellular 

signal-regulated kinase (ERK), phosphor-ERK, N-terminal kinase (JNK), 

phosphor-JNK, phosphor-TBK1, COX-2, NF-κB (p65), c-Jun, c-fos and IRF-3 

were obtained from Cell Signaling Technology (Boston, MA, U.S.A.). ELISA 

kits for cytokines (TNF-ɑ and MCP-1) determinations were purchased from 

Invitrogen (Carlsbad, CA, U.S.A.). Other antibodies in NF-κB, AP-1 and IRF-3 

pathways were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, 

U.S.A.). Amino acid standard solutions were purchased from NICPBP (Beijing, 

China). The other chemicals were purchased from Sigma Chemical Co. (St. Louis, 

MO, U.S.A.) and Fluka Chemical Corp. (Ronkonkoma, NY, U.S.A.). All other 

chemicals were analytical grade. 
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4.2.2. Cell culture 

RAW 264.7 cells were cultured in DMEM containing 10% FBS and 1% 

antibiotics (penicillin-streptomycin) at 37oC under a humidified atmosphere of 

95% air and 5% CO2 by referring the method described previously (Xu et al., 

2014). 

4.2.3. Cell viability assay 

Cytotoxicity was analyzed using methythiazolyltetrazolium (MTT) assay 

based on the method of Cheng et al. (2014) with slight modifications. Concisely, 

RAW 264.7 macrophages were seeded in 96-well plates for overnight adhesion 

and subsequently treated with various concentration (0.1, 0.4 and 1.6 mg/mL) of 

ASB for 1 h before LPS (1 µg/mL) stimulation at 37oC under 5% CO2. After 24 h 

treatment, MTT (100 µL/mL) was added in each well and incubated for 3 h at 

37oC under 5% CO2, and then DMSO (100 µL) was added for dissolving the 

formazan from cells. Absorbance at 570 nm was measured using a microplate 

spectrophotometer. Results are expressed as a percentage of corresponding 

controls (Cheng et al., 2014). 

4.2.4. Griess assay and ELISA 

RAW 264.7 macrophages were grown to confluence in 6-well plates for 

overnight adhesion and subsequently treated with various concentration (0.1, 0.4 

and 1.6 mg/mL) of ASB for 1 h before LPS (1 µg/mL) stimulation. After 24 h 

incubation, the supernatant were collected for Griess assay and ELISA, the cells 

were collected for Western blotting and RT-PCR. 

Nitrite oxide (NO) production in supernatant (cell culture medium) was 

determined by the Griess assay based on the method of Kim et al. (2016) and Du 

et al. (2017) with slight modification. Briefly, 50 µL supernatant and 50 µL 
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Griess reagent were added in 96-well plate and then mixed well for 15 min. The 

absorbance was measured using microplate reader at 540 nm. The secretion of 

cytokines (TNF-α and MCP-1) in the culture of LPS-stimulated macrophages 

were quantified using ELISA kits by following the manufacturer’s instruction. 

4.2.5. Western blotting 

For immunoblotting analysis of TLR4, cytoplasmic protein extraction 

method and analysis were applied, based on the method of Lai et al. (2017) with 

slight modifications. RAW 264.7 cells were washed by ice-cold PBS twice and 

then cells were incubated with lysis buffer for 30 min on ice. Supernatants were 

collected by centrifugation at 13523 g for 15 min. For nuclear protein extraction, 

the method of Cheng et al. (2015) was applied with slight modifications. The 

collected cells were washed with PBS, and then hypotonic buffer (15 nM MgCl2, 

10 mM KCl and 20 nM Tris-HCl (pH 7.9) was added for extraction for 15 min on 

ice. After that, 12 µL NP-40 (10%, v/v) was added for another 10 min. The 

supernatants were collected as cytoplasmic extracts by centrifugation at 15777 g 

at 4oC for 1 min. The remaining pellets were washed with 100 µL hypotonic 

buffer and then suspended in high salt buffer (0.2 mM EDTA, 1.5 mM MgCl2, 

0.42 M NaCl, 25% glycerol and 20 mM Tris-HCl, pH 7.9) on ice for 30 min. The 

nuclear protein was obtained via centrifugation with 15777 g at 4oC for 10 min. 

The quantification of extracted proteins were measured using BSA protein assay. 

Equal amount of extracted proteins (20-40 µg) were loaded onto the prepared gel 

(8%~12% (w/v)) for western blotting. The membranes were blocked with milk 

for 1 h and then washed with TBST for 10 min. Primary antibodies were diluted 

in 3% BSA and overnight cultured with membranes at 4oC for shaking. 

Subsequently, membranes were washed with TBST for 20 min for 3 times and 
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then incubated with secondary antibody at room temperature for 1 h. Finally, 

membranes were visualized by soaking with chemiluminescent substrate and then 

exposed to obtain the signal. Band images were obtained using EPSON scanner 

and band densities were analyzed using the ImageJ software (BioTechniques, NY, 

U.S.A.).  

4.2.6. RNA extraction and RT-PCR 

For RNA extraction and real-time PCR, the method of Cheng et al. (2014) 

was followed with some modifications. Total RNA of treated cells were isolated 

using TRIzol®  reagent (Invitrogen Life Technologies, Carlsbad, CA, U.S.A). 

Subsequently, extracted RNA was translated into cDNA by reverse transcription 

following the instruction of PrimeScriptTM RT reagent kit. Primers, translated 

cDNA and iTaqTM Universal SYBR Green Supermix were mixed well to quantify 

the DNA amplification by applying Real-Time PCR. The translated cDNA were 

amplified using the following primers (Invitrogen, Life Technologies, Carlsbad, 

CA, U.S.A):  

TNF-α: 5’-ATGAGAAGTTCCCAAATGGC-3’ (forward) and 

5’-CTCCACTTGGTGGTTTGCTA-3’ (reverse);  

iNOS: 5’-AACGGAGAACGTTGGATTTG-3’ (forward) and 

5’-CAGCACAAGGGGTTTTCTTC-3’ (reverse);  

COX-2: 5’-ACACACTCTATCACTGGCACC-3’ (forward) and 

5’-AGCAGGGCAGGGTACAGTTCC-3’ (reverse);  

GAPDH: 5’-AACTTTGGCATTGTGGAAGG-3’ (forward) and 

5’-TGTGAGGGAGATGCTCAGTG-3’ (reverse). 

4.2.7. Statistical analysis 
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Analyses were performed in triplicate, and results were expressed as mean 

± SE. For multiple group comparisons, one-way analysis of variance (ANOVA) 

was conducted by Dunnett’s post hoc test and applied for determining the 

significance (p < 0.05) differences. Statistical analyses were performed using 

SPSS 17.0 software package (SPSS Inc., Chicago, IL, U.S.A.) and GraphPad 

Prism version 5.0 (GraphPad Software, San Diego, CA, U.S.A). 

4.3. Results 

4.3.1. ASB inhibited NO production 

For cell cytotoxicity, results (Fig. 36) showed that the cells viability were 

not significantly altered by 24 h treatment with up to 1.6 mg/mL of ASB in 

absence or presence of LPS activation. Subsequently, the ASB concentration at 

0.1, 0.4 and 1.6 mg/mL were applied in following study. As shown in Fig. 37, 

secretions of nitric oxide in the culture of LPS-induced macrophages were 

markedly inhibited. For the meat and skin mixture parts of sea bass, secretions of 

nitric oxide showed the highest inhibition as compared to other parts. Significant 

(p < 0.05) differences of NO production upon three parts of sea bass treatments 

were found at 0.4 mg/mL and 1.6 mg/mL. So meat and skin mixture parts of sea 

bass was used for the followed investigation in this study. Additionally, the 

results of NO production with different concentration treatments were shown as 

Fig. 38. The secretions of nitric oxide in the culture of LPS-induced macrophages 

were reduced by ASB treatment with a dose dependency. Compare to the control, 

ASB treatment with 1.6 mg/mL showed the highest NO inhibitory activities with 

significant (p < 0.05) differences from other treatments.  
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Figure 36. Effects of ASB on cell viability in RAW 264.7. Cells were cultured 

with different concentrations of ASB (0.1, 0.4 and 1.6 mg/mL) with or without 

LPS (1 µg/mL) treatment for 24 h. The values were presented as mean ± SE of 

three independent experiments. *indicates p < 0.05 compared with corresponding 

controls; **indicates p < 0.01 compared with corresponding controls. 

 
Figure 37. Effects of different sections of sea bass on the secretion of NO 

production in the culture of LPS-induced macrophages. NO productions of each 

column marked by the same letter are not significantly different (p < 0.05). 



 96 

 

 
Figure 38. Effects of ASB on the secretion of NO production in the culture of 

LPS-induced macrophages. The values were presented as mean ± SE of three 

independent experiments. *indicates p < 0.05 compared with corresponding 

controls; **indicates p < 0.01 compared with corresponding controls. 

4.3.2. ASB inhibited the secretion of cytokines in culture medium 

The secretions of cytokines in the culture of LPS – induced macrophages 

were quantified by applying ELISA. Results presented that the secretion of 

MCP-1 and TNF-α were reduced by ASB treatment with dose dependency. 

Significant (p < 0.05) differences of the secretion of TNF-α was found in ASB 

treatments at the dosage of 0.4 and 1.6 mg/mL compared with corresponding 

controls (shown as Fig. 39). As shown in Fig. 40, the production of MCP-1 was 

markedly increased in the culture of LPS-activated macrophages as compared to 

the control, while the secretion of MCP-1 was significantly suppressed upon ASB 

treatment in a dose-dependent manner. In addition, the highest inhibition of 

secretions was found upon ASB treatment at the dosage of 1.6 mg/mL as 

compared to other dosages. 
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Figure 39. Effects of ASB on the secretion of cytokine TNF-α in culture medium. 

The values were presented as mean ± SE of three independent experiments. 

*indicates p < 0.05 compared with corresponding controls; **indicates p < 0.01 

compared with corresponding controls. 

 

 
Figure 40. Effects of ASB on the secretion of cytokine MCP-1 in culture medium. 

The values were presented as mean ± SE of three independent experiments. 

*indicates p < 0.05 compared with corresponding controls; **indicates p < 0.01 

compared with corresponding controls. 
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4.3.3. ASB down-regulated the mRNA and protein expression levels of 

pro-inflammatory cytokines 

For the pro-inflammatory cytokines in NF-κB、AP-1 and IRF-3 pathways, 

the mRNA expression levels of TNF-α, COX-2, iNOS, and CCL-5 were detected. 

The expression levels of these cytokines in the culture of LPS induced 

macrophages were shown as Fig. 41 – 44. The mRNA expression levels on 

NF-κB, AP-1 and IRF-3 pathways were markedly increased after LPS stimulation. 

Results elucidated that the mRNA expression levels of TNF-α, COX-2、iNOS and 

CCL-5 were suppressed significant (p < 0.05) differences upon ASB treatments at 

the dosage of 0.1 mg/mL or 1.6 mg/mL with dose dependency. The proteins 

expression levels of cytokines TNF-α and COX-2 were markedly down-regulated 

by ASB treatments (Fig. 45). Significant (p < 0.05) differences were found in 

relative protein expression level of TNF-α with dose dependency. Relative 

protein expression level of COX-2 exhibited no significant (p < 0.05) differences 

among the dosage of 0.1 mg/mL, 0.4 mg/mL and 1.6 mg/mL, but significant (p < 

0.05) differences were found as compared to the LPS group. 
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Figure 41. The mRNA expression levels of pro-inflammatory cytokines TNF-α 

in LPS-induced macrophages upon ASB treatment with different concentrations. 

*indicates p< 0.05 compared with corresponding controls; **indicates p < 0.01 

compared with corresponding controls. 

 
Figure 42. The mRNA expression levels of pro-inflammatory cytokines COX-2 

in LPS-induced macrophages upon ASB treatment with different concentrations. 

*indicates p < 0.05 compared with corresponding controls; **indicates p < 0.01 

compared with corresponding controls. 
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Figure 43. The mRNA expression levels of pro-inflammatory cytokines iNOS in 

LPS-induced macrophages upon ASB treatment with different concentrations. 

*indicates p < 0.05 compared with corresponding controls; **indicates p < 0.01 

compared with corresponding controls. 

 
Figure 44. The mRNA expression levels of pro-inflammatory cytokines CCL5 in 

LPS-induced macrophages upon ASB treatment with different concentrations. 

*indicates p < 0.05 compared with corresponding controls; **indicates p < 0.01 

compared with corresponding controls. 



 101 

 
Figure 45. Effects of ASB treatment on the protein expression levels (A), and 

relative protein levels (B) of pro-inflammatory cytokines (TNF-α, COX-2). Each 

column marked by the same letter are not significantly different (p < 0.05). 

4.3.4. ASB down-regulated the expression levels of inflammatory mediators and 

transcription factors 

Protein expression levels on NF-κB, AP-1 and IRF-3 pathways (Fig. 52) in 

LPS-induced macrophages by ASB treatment were detected using western 

blotting. Results (Fig. 46) showed that the upstream proteins MyD88 and TRAF6 

were markedly reduced by ASB treatment. For the LPS-induced degradation of 

IRAK-4, it was inhibited by ASB treatment (Fig. 46). As shown in Fig. 47-48, 
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the phosphorylation of protein levels on NF-κB, AP-1 and IRF-3 pathways were 

markedly increased after LPS stimulation. Significant (p < 0.05) differences were 

found in the phosphorylation of TAK1, ERK, JNK and p38 in AP-1 pathway, 

except for the protein expression level of ERK at 0.1 mg/mL and 0.4 mg/mL (Fig. 

47). For the phosphorylation of ERK, JNK and p38, the protein expression levels 

were decreased with dose dependency. Additionally, results (Fig. 48) elucidated 

that ASB treatments can significantly inhibit LPS-induced phosphorylation of 

AKT, IκBα, and TBK1 in NF-κB and IRF-3 pathways. As for the expression 

levels of nuclear proteins, transcription factors NF-κB, AP-1 and IRF-3 were 

markedly increased by LPS treatment. Heterodimer components of NF-κB (p65 

and p50) and one (c-Jun) of AP-1 components were significantly reduced the 

corresponding nuclear 102hemotactic102 (Fig. 49-50). However, results (Fig. 

51) showed that the nuclear protein expression level of transcription factors 

IRF-3 exhibited no significant (p < 0.05) differences among the dosage of 0.1 

mg/mL, 0.4 mg/mL and 1.6 mg/mL. 
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Figure 46. Effects of ASB treatment on the protein expression levels (A), and 

relative protein levels of upstream proteins MyD88, IRAK4 (B) and TRAF6 (C) 

in NF-κB and AP-1 pathways. Each column marked by the same letter are not 

significantly different (p < 0.05). 



 104 

 
Figure 47. Effects of ASB treatment on the phosphorylation of protein levels  

(A), and relative protein levels of p-TAK1 (B), p-p38 (C), p-Erk (D), and p-JNK 

©  on AP-1 pathways. Results were expressed as mean ± SE. Relative protein 

levels of each column marked by the same letter are not significantly different. 

Significance is represented as p < 0.05. 
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Figure 48. Effects of ASB treatment on the phosphorylation of protein levels (A), 

and relative protein levels (B) on NF-κB and IRF-3 pathways in LPS-induced 

macrophages. Each column marked by the same letter are not significantly 

different (p < 0.05). 
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Figure 49. Effects of ASB treatment on the expression levels (A), and relative 

protein levels of nuclear proteins c-Jun (B) and c-Fos (C). Each column marked 

by the same letter are not significantly different (p < 0.05). 
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Figure 50. Effects of ASB treatment on the expression levels (A) and relative 

protein levels (B) of nuclear proteins of transcription factors NF-κB. Each 

column marked by the same letter are not significantly different (p < 0.05). 
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Figure 51. Effects of ASB treatment on the expression levels (A) and relative 

protein levels (B) of nuclear proteins of transcription factors interferon regulatory 

factor 3 (IRF-3). Each column marked by the same letter are not significantly 

different (p < 0.05). 

4.4. Discussion 

Lipopolysaccharide-activated RAW 264.7 macrophage was used as a cell 

model in the current study. Results showed that the cell viability was not 

significantly altered by 24 h incubation with up to 1.6 mg per mL of extracted 

sample in the presence or absence of LPS in macrophages. The present studies 

observed that ASB significantly reduced the secretion of NO, MCP-1 and TNF-α 

in the culture of LPS-stimulated macrophages. ASB also markedly reduced the 
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mRNA expression levels of iNOS, COX-2, TNF-α and CCL5 in a 

dose-dependent manner. In addition, ASB effectively inhibited the protein 

expression of COX-2 and TNF-α. It is well known that the suppression of TNF-α, 

MCP-1, COX-2, CCL5, iNOS and NO through AP-1, NF-κB and IRF-3 

pathways are an important approach in the development of associated 

anti-inflammatory agents (Chen et al., 2014; Choi et al., 2014). TNF-α is a 

pleiotropic cytokine which is an important mediator of inflammation (Kumar et 

al., 2017). The inhibition of TNF-α secretion in LPS induced macrophages results 

in anti-inflammation (Wu et al., 2017). MCP-1 and CCL-5 are the highly 

representative chemokine in inflammation (Cheng et al., 2015). For MCP-1, it is 

critical in the pathogenesis of liver disease and granulomatous inflammation 

(Oyama et al., 2010; Xie et al., 2016). Some researchers have already reported 

that the reduction of MCP-1 and CCL-5 secretion were corresponding to the 

anti-inflammatory response (Meijerink et al., 2011; Cheng et al., 2015; Wang et 

al., 2018). In addition, COX-2 and iNOS are the important enzymes in the 

regulation of inflammation and certain types of human cancers (Seibert and 

Masferrer., 1994). NO is a kind of inflammatory mediators in macrophages with 

cytotoxicity and synthesis by iNOS (MacMicking et al., 1997). It has been 

reported that the down – regulation of LPS – stimulated NO production, iNOS 

and COX-2 expression via suppression of AP-1 or NF-κB can inhibit associated 

inflammation (Surh et al., 2001; Chen et al., 2007). The regulation of NO, iNOS, 

TNF-α, MCP-1, and COX-2 via NF-κB and AP-1 pathways were the important 

mechanisms in inflammatory responses (Cheng et al., 2015).       

Furthermore, the phosphorylation and nuclear protein levels of 

transcription factors NF-κB, AP-1, and IRF-3 by ASB treatments were studied as 
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well. MyD88, TRAF6, IRAK4, TAK1, MAPK, c-Jun, c-Fos, Akt, IκBɑ, p50, p65, 

TBK1 and IRF-3 were the mediators in TLR4 signaling. MyD88 was an adaptor 

protein in IL-1/Toll-like receptors family pathways (Schenten et al., 2014). 

Similar to the current results, reports by Schenten et al. (2014) and Kim et al. 

(2014) proved that inhibition of MyD88 expression associated to 

anti-inflammatory response. TRAF 6 was a signal transducer in TLR4 signaling 

and works by Deng et al. (2000) showed that it could activate IκB kinase in 

response to pro-inflammatory responses. For IRAK4 kinase, it was reported by 

Suzuki et al. (2002) that it has an essential role in innate immunity. The current 

result was similar to the previous work by Suzuki et al. (2002). Many researches 

shown that the degradation of phosphorylation of Akt, IκBɑ and the translocation 

of p50 and p65 heterodimer were the critical processes for NF-κB activation in 

response to various stimuli (Cheng et al., 2015; Chun et al., 2012; Jang et al., 

2016). The inhibition of phosphorylation of TAK1, MAPK (ERK, JNK and p38) 

and nucleus protein c-Jun and c-Fos subunits are the key processes in the 

response for AP-1 activation (Cheng et al., 2015; Su et al., 2011). The 

degradation of phosphorylation of TBK1 and the translocation of IRF-3 were the 

key part in IRF-3 pathway for responding various stimuli (Cheng et al., 2015). 

Therefore, the effects of ASB on the phosphorylation of Akt, IκBɑ, TAK1, 

MAPK, TBK1 and the translocation of NF-κB, AP-1, and IRF-3 into the nucleus 

were studied. Similar to the current results on NF-κB, AP-1, and IRF-3 pathways, 

the expression levels of the phosphorylation and nuclear proteins in LPS – 

induced macrophages were significantly down-regulated (Fig. 47 – 51) by ASB 

treatment. The current works illustrated that ASB demonstrated an inhibitory 

effects in LPS-induced macrophages, mainly function in the inhibition of NF-κB 
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and AP-1 activation. For further investigation, the possibility of ASB treatment 

affects LPS binding to TLR4 and/or the dimerization of TLR4 will be discovered. 

Sea bass is a kind of nutritional fish, rich in protein, DHA, saccharides, 

vitamin B, Calcium, etc. Traditional Chinese medicinal books have documented 

that sea bass can be used to manage inflammation-associated conditions. Some 

studies also proved that dietary supplement with fish benefited for treating many 

inflammatory – associated conditions, such as cardiovascular disease, ulcerative 

colitis and hyperlipidemia. However, the pharmacological mechanisms of 

anti-inflammatory activities of sea bass is lack of in vitro investigation. Therefore, 

it is necessary to discover the anti-inflammatory effects of sea bass by in vitro 

studies.  

 The present study demonstrated an inhibitory effect of ASB on the 

inflammatory mediators regulated via NF-κB, AP-1, and IRF-3 pathways. This 

finding confirmed the previous report by Zhu and Zhang (2014) who observed 

the collagen peptide of sea bass can accelerate cutaneous wound healing in mouse. 

However, there was still lacks of relative report for in vitro study. This finding 

provided an evidence for anti-inflammatory effect of sea bass which may 

accelerate wound healing. In addition, it could develop a supplementary 

explanation for the previous work by Zhu and Zhang (2014). Moreover, similar to 

previous chapters elucidated that the aqueous extract of sea bass exhibited the 

potential in accelerating skin wound healing and ameliorating ulcerative colitis. It 

suggested that ASB had anti-inflammatory potential for contributing in wound 

healing acceleration and ulcerative colitis. In accordance to above mentioned, 

anti-inflammatory activities of ASB was confirmed by in vitro evaluation. 
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4.5. Summary 

The inhibitory effects of ASB on the inflammatory mediators regulated via 

NF-κB, AP-1, and IRF-3 pathways on TLR4 signaling were evaluated by in vitro 

studies. Lipopolysaccharide (LPS) activated RAW 264.7 macrophages cell model 

was applied for discovering the anti-inflammatory activities of sea bass. Nitric 

oxide (NO) production was determined by the Griess assay. The levels of 

monocyte 112hemotactic protein-1 (MCP-1) and tumor necrosis factor-α (TNF-α) 

in cell culture medium were quantified using enzyme-linked immunosorbent 

assay (ELISA). The mRNA expression levels of inducible NO synthase (iNOS), 

cyclooxygenase-2 (COX-2), TNF-α and CCL-5 were detected using RT-PCR. 

Expression levels of proteins in the TLR4 signaling pathways were examined 

using Western blotting. Results elucidated that ASB significantly reduced the 

secretion of NO, MCP-1 and TNF-α into the culture medium of LPS-stimulated 

macrophages. ASB also markedly reduced the mRNA expression levels of iNOS, 

COX-2, TNF-α and CCL-5. The phosphorylation and nuclear protein levels of 

transcription factors NF-κB and AP-1 in TLR4 signaling were markedly 

decreased by ASB treatment as well. Accumulating results indicated that ASB 

possess potential anti-inflammatory activities via NF-κB and AP-1 in TLR4 

signaling. This finding establishes the pharmacological basis for the folk use of 

sea bass in inflammation regulation. Further confirmed the potential of ASB in 

accelerating skin wound healing and ameliorating ulcerative colitis. 
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Figure 52. A schematic diagram for NF-κB, AP-1, and IRF-3 pathways on TLR4 

signaling. 
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Chapter V  

In vitro Evaluation of Proliferation Effect of Sea Bass on 

Fibroblasts 

5.1. Introduction 

Fibroblast is one of the essential structural and cellular components of the 

skin, function in regulating the tissue homeostasis (Marsh et al., 2018; Noizet et 

al., 2016). In skin wound, the temporary matrix was formed via the activated 

platelets and fibrin for wound healing. The proliferation and migration into the 

temporary matrix for replacing the newly formed granulation tissue was the 

mainly function for dermal fibroblasts (Noizet et al., 2016). As previous 

mentioned, wound healing was a complex process involved five main steps, 

including haemostasis, inflammation, proliferation, re-modelling and scar 

formation (Holbrook, 1991; Kasuya and Tokura, 2014). Fibroblasts was playing a 

vital role in the proliferation phase of wound healing.  

For proliferation phase, the mainly aims are granulation tissue formation, 

angiogenesis, and re-epithelialization during skin wound healing. For 

angiogenesis part, human endothelial cells will be applied for studies. For 

re-epithelialization part, HaCat cells as keratinocytes will responsible for the 

migration (Kuonen et al., 2013).  For granulation tissue forming, the provisional 

wound matrix formed during heamostasis phase will be replaced. During this 

process, large number of fibroblasts will complex with collagen bundles for the 

structure and function recovery. For the in vitro evaluation of proliferation, 

granulation tissue forming will be focused on the migration and proliferation of 

fibroblasts. Fibroblasts play a central role in the formation of granulation tissue. 

Migration and proliferation of fibroblasts are the critical points for driving wound 
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healing. Fibroblasts migrate from the wound edge to the injured region for 

responding the cytokines and growth factors which is secreted from platelets and 

macrophages, e.g. platelet-derived growth factor (PDGF), basic fibroblast growth 

factor (bFGF), Cyclin D1, and transforming growth factor-β (TGF-β) (Barrientos 

et al., 2008; Walter et al., 2010; Liu et al., 2017b). CyclinD1 is a putative G1 

cyclin that it implicates in controlling cell cycle and linked to the transcription 

factor NF-κB (Jiang et al., 1993; Hinz et al., 1999; Bakiri et al., 2000). Many 

reports indicated that cyclin D1 functions in cell migration in responding wound 

healing (Li et al., 2006; Liu et al., 2017a; Zhao et al., 2017). 

Moreover, L929 cell as the fibroblast commonly applied for proliferation 

investigation. For the studies on migration and proliferation, it could be analyzed 

via scratch assay, invasion assay, flow cytometry, luciferase assay, western 

blotting and RT-PCR for the confirmation of wound healing effects. There are 

hundreds of this kind of growth factors have already been investigated in various 

cell lines. For L929 fibroblasts applied in this study, cyclin D1 is a putative G1 

cyclin, critical in cell proliferation for controlling cell cycle which will be 

investigated (Jiang et al., 1993). 

5.2. Materials and methods 

5.2.1. Materials and chemicals 

Bovine serum albumin (BSA) and collagen type I (C9879) were obtained 

from Sigma Chemical Co. (St. Louis, MO, U.S.A.). Dulbecco’s Modified Eagle 

Medium (DMEM), fetal bovine serum (FBS), penicillin and streptomycin were 

purchased from HyClone (Logan, UT, U.S.A.). L929 cell line (ATCC no.: 

YB-6674) was purchased from ATCC (Rockville, MD, U.S.A.). 

Dimethylsulphoxide (DMSO) was purchased from RCI Labscan Limited 
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(Bangkok, Thailand). Cyclin D1 and GAPDH were obtained from Cell Signaling 

Technology (Boston, MA, U.S.A.). All other chemicals were analytical grade.  

5.2.2. Scratch assay for L929 cells 

For wound repair assay, method was based on the descriptions of Fronza et 

al. (2009) and Walter et al. (2010) with slight modifications. Six well dishes were 

pre-coated with collagen type I (40 μg/mL) for 2 h at 37oC. L929 cells were 

seeded in the pre-coated six-well plates and reached ~80% confluence. A linear 

scratch wound was generated with a 200 μL pipette tip in each well and cell 

debris were removed by PBS washing. Serum free medium (control) and ASB 

(0.2 mg/mL, 0.4 mg/mL and 0.8 mg/mL) were added to corresponding wells, 

cultured with serum free DMEM and incubated for 24 h or 72 h at 37oC with 5% 

CO2. All scratch assays were conducted in triplicate. The areas of cells migration 

were analyzed using the ImageJ software (BioTechniques, NY, U.S.A). And the 

calculations of wound closure were using following formula:  

Wound closure (%) = 100 – [(sample area / control area) *100]. 

5.2.3. Western blotting 

For immunoblotting analysis, cytoplasmic protein extraction method and 

analysis were applied, based on the method of Lai et al. (2017) with slight 

modifications. Fibroblasts were washed by ice-cold PBS twice and then cells 

were incubated with lysis buffer for 30 min on ice. Supernatants were collected 

by centrifugation at 13523 g for 15 min. The quantification of extracted proteins 

was measured using BSA protein assay. Equal amount of extracted proteins 

(20-40 µg) were loaded onto the prepared gel (8%~12% (w/v)) for western 

blotting. The membranes were blocked with milk for 1 h and then washed with 

TBST for 10 min. Primary antibodies were diluted in 3% BSA and overnight 
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cultured with membranes at 4oC for shaking. Subsequently, membranes were 

washed with TBST for 20 min for 3 times and then incubated with secondary 

antibody at room temperature for 1 h. Finally, membranes were visualized by 

soaking with chemiluminescent substrate and then exposed to obtain the signal. 

Band images were obtained using EPSON scanner and band densities were 

analyzed using the ImageJ software (BioTechniques, NY, USA).  

5.2.4. Statistical analysis 

Analyses were performed in triplicates, and results were expressed as mean 

± SD. For multiple group comparisons, one-way analysis of variance (ANOVA) 

was conducted by Dunnett’s post hoc test and applied for determining the 

significance (p < 0.05) differences. Statistical analyses were performed using 

Microsoft 2016 package and SPSS (SPSS 17.0, SPSS Inc, Chicago, IL, U.S.A.). 

5.3. Results 

5.3.1. ASB accelerated the migration of fibroblasts 

L929 cells were scratched and cultured in serum free medium for 

discovering the effects of ASB on fibroblasts migration. As shown in Fig. 53 - 54, 

the migrations of fibroblasts were promoted by ASB treatments compared to the 

control. The wound closure showed more effective at 72 h as compared to 24 h 

incubation. Besides that, comparing to the corresponding control, wound closure 

rates exhibited an increasing trend with significant differences between ASB 

treatments at 24 h and 72 h. As shown in Fig. 53 - 54, wound closure did not 

show a dose dependency by ASB treatments with 200, 400 and 800 μg/mL.  
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Figure 53. Images of scratch photographed at different time points (0, 24, 72 h) 

by ASB treatments (200, 400, 800 μg/mL). 
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Figure 54. Wound closure effects by ASB treatment. *indicates p < 0.05 

compared with corresponding controls; **indicates p < 0.01 compared with 

corresponding controls. Wound closure marked by the same letter are not 

significantly different (p < 0.05). 

5.3.2. ASB up-regulated the proliferation related protein expression levels of 

fibroblasts 

As shown in Fig. 55, the protein expression levels of cyclin D1 in L929 

cells were markedly increased by ASB treatment in a dose-dependent manner. 
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Figure 55. Effects of ASB treatment on the expression levels of cyclin D1 (A) 

and relative protein levels (B) in L929 cells. Each column marked by the same 

letter are not significantly different (p < 0.05). 

 

5.4. Discussion 

Proliferation phase was the critical step in wound healing for covering the 

wound surface. Re-epithelialization, angiogenesis and granulation tissue forming 

were the major parts in proliferation phase. For the formation of granulation 

tissue, fibroblasts as the central role which has been investigated in this study. In 

order to simulate the environment of skin wound, collagen type I was added. As 

shown in Fig. 21-22, fibroblasts migrated mainly from the nearby cells to the 

wound region. Results showed that wound closure rates were significantly 
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increased by ASB treatments. It indicated that the hydrolysates of sea bass can 

accelerated the migration of fibroblasts. The migration may attribute to the 

peptides, polysaccharides and proteoglycan of the hydrolysates from sea bass. 

Reports by Zhu and Zhang (2014) showed that collagen peptides from sea bass 

could promote cutaneous wound healing. The studies were based on the animal 

model and lack of mechanism investigation. Ito et al. (2015) also suggested that 

the proteoglycan from fish can promote the wound closure through scratch assay.  

Cyclin D1 is a putative G1 cyclin which has been implicated in controlling 

cell cycle (Jiang et al., 1993). As results shown in Fig. 55, the expression levels 

of cyclin D1 were increased which suggested fibroblasts proliferations were 

promoted by ASB treatment. Similar to previous reports of Liu et al. (2017) and 

Zhao et al. (2017), the expression level of cyclin D1 could be increased during 

fibroblasts proliferation.  

Based on the results of migration and proliferation of fibroblasts, the current 

studies could suggest that ASB treatment has a closely link to accelerate the 

proliferation phase of wound healing. Additionally, the present in vitro studies 

further confirmed the previous chapter elucidated that aqueous extract of sea bass 

possess the potential in accelerating skin wound healing. In order to have a 

deeply illumination, in vitro studies on wound healing also conducted. Cell 

invasion assay, luciferase assay, flow cytometry, western blotting and PCR for 

related cytokines and growth factors were included. In addition, many researches 

(Hinz et al., 1999; Bakiri et al., 2000) also indicated that cyclin D1 was a key 

regulator in cell cycle progression and linked to the transcription factor AP-1 and 

NF-κB also will be studied. 

5.5. Summary 
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 The migration and proliferation effects of sea bass were obtained a clearly 

confirmation. The wound closure rates of fibroblasts were significantly increased 

upon ASB treatment. It indicated ASB treatment can accelerate the migration of 

fibroblasts. In addition, the protein expression levels of Cyclin D 1 were 

markedly increased upon ASB treatment. Cyclin D1 as the key marker in cell 

cycle, it suggested that ASB treatment could promote the proliferation of 

fibroblasts. The present studies could indicate that ASB treatment has a potential 

on accelerating the wound healing through migration and proliferation 

enhancement. But it still needs to have a further study for confirmation. 
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Chapter VI  

Characterization of Bioactive Components of Sea Bass with 

Anti-inflammatory Effects 

6.1. Introduction 

In recent years, the bioactive activities of protein generated from various 

source has been attracted high attention. The peptides from marine organisms 

(Kang et al., 2015), tuna cooking juice (Cheng et al., 2015b), sandfish (Jang et al., 

2016a) have been shown to exhibit anti-infection, anti-inflammation, and 

anti-oxidation, respectively. Inflammation is the basis of plenty of pathological 

human diseases and plays a vital roles in complex immune system (Winyard and 

Willoughby, 2003; Jang et al., 2016). Therefore, inhibition of inflammation is 

deemed very important. For the mechanism study of inflammation, macrophages 

have already been studied as a key factor in the progression of tissue 

inflammation (Li et al., 2015; Wang and Zhang, 2015; Liu et al., 2017b). The 

RAW 264.7 macrophages are commonly used as cell model for inflammation 

investigation (Hsu et al., 2013; Jang et al., 2016; Pham et al., 2017). Moreover, 

NO production is a kind of inflammatory mediators in macrophages with 

cytotoxicity and synthesis by iNOS (MacMicking et al., 1997). It was the 

important inflammatory mediators in TLR4 signaling in inflammatory responses. 

The inhibition of NO production in LPS induced macrophages results in 

anti-inflammation (Cheng et al., 2014; Wu et al., 2017).  

Fish hydrolysates are the breakdown products of the conversion of fish 

proteins into smaller peptides. Fish hydrolysates is also well known to be rich in 

peptides with anti-oxidative activities (Kim et al., 2007; You et al., 2010). Many 

reports showed that the molecular weight of the peptide fractions from various 
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fish sources with anti-oxidative activity ranged from 270 Da to 1800 Da 

(Chalamaiah et al., 2012). Additionally, numerous researches suggested that 

substances with anti-oxidative activities were closely linked to function in 

anti-inflammation. Therefore, the bioactive component of ASB with the 

anti-inflammatory activities may be contributed by peptides. Additionally, amino 

acids were the base unit of the formation of peptides and protein. Numerous 

researchers indicated that the bioactive activities of peptides are closely linked to 

the amino acid constituents and their sequences (Chen et al., 1998; Chalamaiah et 

al., 2012; Chi et al., 2015a). Therefore, characterization of the amino acids’ 

constituents, protein compositions, and the sequences of bioactive component 

was very meaningful. 

As previous study mentioned by Ren et al. (2008) and You et al. (2010), 

peptides with functional effects could be isolated and characterized through 

dialysis, ion-exchange chromatography, gel filtration chromatography and 

reverse phase-high performance liquid chromatography (RP-HPLC). For dialysis 

bag in preliminary isolation, substances could be separated underlying the various 

of molecular weight. For ion-exchange chromatography, the isolated fraction 

could be separated underlying the surface charge of the substance. For gel 

filtration chromatography, a higher accuracy purification will be applied for the 

isolation of fractions underlying the size exclusion. Finally, RP-HPLC coupled 

with ESI-MS could be applied for the detection of the sequence of the purified 

peptides.  

Moreover, Ke et al. (2011) and Wang et al. (2019) also indicated that the 

active component of the extracted substance with bioactive activities may 

attribute to the complex not the monomer. Additionally, numerous researchers 
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also elucidated that herbal formula showed higher effective therapy than the 

single molecule in herb (Zhao et al., 2015; Fan et al., 2019). Furthermore, 

reported by Le et al. (2008) and Wang et al. (2019) indicated that hydrodynamic 

diameter, Zeta potential, TEM, and cryo-TEM of the food derived particles could 

be treated as the significant indicators for the characterization of particles. 

Particle diameter plays vital role in the characterization of nanoparticle systems. 

Nanoparticle suspended in the liquid was conducted as Brownian motion, directly 

affect the the materials properties, including kinematic velocity, colloidal 

dispersion stability, and drug carrier system delivery efficiency (Ramos., 2017). 

The hydrodynamic diameter of different sources of particles dispersed in a liquid 

was calculated underlying the dynamic light scattering (DLS). Additionally, zeta 

potential also deemed as the significant parameter for the characterization of 

particles. Zeta potential with negative value indicated that the surface of the 

particles exhibited negative charge. It is generated when the liquid is forced to 

flow directly through a small gap formed by two sample surfaces with pressure, 

and then the charge carrier bound in double layer will be removed, followed by 

the potential was analyzed between two electrodes (Cai et al., 2006). 

6.2. Materials and methods 

6.2.1. Materials and chemicals 

HiPrep 16/60, SephacrylTM S-100 HR gel filtration chromatography column 

and PD MidiTrapTM G-10 desalting column were purchased from GE healthcare 

Bio-Sciences Corp. (Amersham Biotech, Piscataway, NJ, U.S.A.). The protein 

markers were purchased from Bio-Rad Laboratories, Inc (California, U.S.A.) and 

Real-Times Biotechnology Co., Ltd (Beijing, China). The other chemicals were 

purchased from Tianjin Damao Chemical Reagent Co, Ltd (Tianjin, China) and 
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Guangzhou Chemical Reagent Company (Guangzhou, China). All other 

chemicals were analytical grade.  

6.2.2. Absorption spectral analysis 

The aqueous extract of sea bass was characterized using ultraviolet-visible 

(UV-Vis) spectrophotometry (TU-1901, Beijing Purkinje General Instrument Co., 

Ltd., Beijing, China) underlying wavelength range from 190 nm to 900 nm. 

6.2.3. Determination of hydrolyzed amino acids  

The content of amino acids in ASB were determined based on the 

description by Mæ hre et al. (2018) with slight modifications. Briefly, 

approximately 100 mg ASB was weighed into hydrolysis tube, and then 10 mL 6 

M HCl and 4 drops of phenol were added, followed by hydrolysis tube was filled 

with nitrogen gas at 100°C for 22 h for hydrolyzing the crude protein to amino 

acids. 100 µL hydrolysate was transferred for evaporation under nitrogen gas and 

re-dissolved in 0.02 M HCl for analysis using Biochrom 30 Amino Acid 

Analyzer (DKSH Management Ltd., Shanghai, China). 

6.2.4. Determination of protein content  

The crude protein content of ASB was determined using the Kjedahl method 

based on the procedure described by Kirk (1950) and Mæ hre et al. (2018). Briefly, 

ASB was hydrolyzed with 10 mL concentrated sulfuric acid (H2SO4) containing 

3.5 g K2SO4 and 0.4 g CuSO4 catalyst on a heater until copious white fumes was 

observed, and then continue to digest for additional 30 min. After cooling, 

distilled water was added to the hydrolysates before neutralization and titration. 

The amount of total nitrogen in ASB were multiplied with the conversion factor 

of 6.25.   
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6.2.5. Molecular weight distribution of ASB by Tricine-SDS-PAGE 

The molecular mass proteins in ASB were evaluated using tricine-sodium 

dodecyl sulphate-polyacrylamide gel electrophoresis (Tricine-SDS-PAGE) 

followed the description by Schägger (2006) and Ying et al. (2015) with some 

modifications. The concentrations of stacking and separating gels were 5% and 

18%. 20-40 µg prepared sample and protein markers were loaded into the sample 

well of Tricine-SDS-PAGE, respectively. The electrophoresis of samples and 

protein markers were conducted in the tricine buffer with a constant voltage of 60 

mV until all samples entered into the top of separating gels, followed by 

electrophoresis at constant voltage of 120 mV until end. After electrophoresis, gel 

was fixed with a solution of methanol, water, and acetic acid (5:4:1, v/v/v) for 1 h. 

After fixing, the gel was stained with 0.025% Coomassie Blue G-250 in 10% 

acetic acid for 1 h, followed by destaining with 10% acetic acid. Band images 

were obtained using ImageQuantTM LAS 500 (GE healthcare Bio-Sciences Corp., 

Amersham Biotech, Piscataway, NJ, U.S.A) 

6.2.6. Separation of ASB by Ultrafiltration 

The method of ultrafiltration was based on the procedure described by Ren 

et al. (2008). The lyophilized aqueous extract of sea bass (ASB) was dissolved in 

distilled water, and then fractionated through QuixstandTM Benchtop system with 

hollow fiber cartridge rang of molecular weight cutoff (MWCO) of 10, 30, 100 

kDa, respectively (GE healthcare Bio-Sciences Corp., Amersham Biotech, 

Piscataway, NJ, U.S.A.). ASB was separated into four fractions with molecular 

weight distribution of >100 kDa, 30-100 kDa, 10-30 kDa and <10 kDa, 

respectively. All fractions were collected and freeze-dried, followed by 

evaluating the anti-inflammatory activity of each fraction. 
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6.2.7. Measurement of particle size distribution and zeta-potential   

After ultrafiltration separation, the fraction with the highest 

anti-inflammatory activity was sterile filtered through 0.22 µm to remove larger 

aggregates. Particle diameter distribution and zeta-potential were analyzed using 

a Dynamic Light Scattering (DLS) Instrument (Litesizer 500, Anton Paar, 

Australia).   

6.2.8. Isolation and purification of fraction F1 by Size exclusive 

chromatography 

The method for isolation of the bioactive fraction was followed the 

instruction of Ren et al. (2008) with slight modifications. The fraction with the 

highest anti-inflammatory activity after ultrafiltration separation was further 

isolated by size exclusive chromatography on HiPrep 16/60 Sephacryl S-100 HR 

coloum (GE healthcare Bio-Sciences Corp., Amersham Biotech, Piscataway, NJ, 

U.S.A) using an Ä KTA purifier (GE healthcare Bio-Sciences Corp., Amersham 

Biotech, Piscataway, NJ, U.S.A). The coloum was equilibrated and eluted with 

0.05 M phosphate buffer with 0.15 M NaCl in isocratic mode, at 0.8 mL/min. All 

fractions were detected at 215 nm, 254 nm and 280 nm for collection, and then 

lyophilized for further bioactive tracking. 

6.2.9. Identification of peptide by LC-QE-HF-MS 

The peptides in fraction F1 from ASB were further identified by liquid 

chromatography‐Q exactive‐HF hybrid quadrupole‐Orbitrap‐mass spectrometry 

(LC-QE-HF-MS). An liquid chromatography system easy nL 1200 (Thermofisher, 

Waltham, MA, U.S.A.) with C18trap column (C18 3µm 0.10×20mm) and C18 

column (C18 1.9µm 0.15×120mm) were applied for separation. A 78 min 

gradient elution was developed with mobile phase A (0.1% (v/v) formic 
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acid/water) and mobile phase B (0.1% (v/v) formic acid/acetonitrile) with details 

as Table 3.  

After separation, samples were analyzed by mass spectrometry used a 

high-resolution mass spectrometer orbitrap fusion (Q-Exactive HF, Thermofisher, 

Waltham, MA, U.S.A.). The temperature of the ion transfer capillary was set at 

320◦C. The parameters of the full-scan data acquisition were set as follows: 

resolution, 120,000; automatic gain control (AGC), 4.0 × 105; maximum injection 

time (IT), 50 ms; scan range, 350-1,500 m/z. The secondary parameters of the 

target ion were set as follows: resolution, 30,000; target AGC, 5.0 × 104; 

maximum IT, 45 ms; isolation window, 1.6 m/z. The raw data were finally 

submitted to sequest server according to proteome discoverer base on NCBI 

database for further analysis. 

Table 3. Mobile phase gradient of liquid chromatography for separation 

Time (min) A (0.1%FA/H2O) B (0.1%FA/CAN) Velocity (nL/min) 

0 92% 8% 600 

8 88% 12% 600 

48 77% 23% 600 

68 64% 36% 600 

69 5% 95% 600 

78 5% 95% 600 

6.2.10. Statistical analysis 

Analyses were performed in triplicate, and results were expressed as mean ± 

SD. For multiple group comparisons, one-way analysis of variance (ANOVA) 

was conducted by Dunnett’s post hoc test and applied for determining the 

significance (p < 0.05) differences. Statistical analyses were performed using 

SPSS 17.0 software package (SPSS Inc., Chicago, IL, U.S.A.) and GraphPad 

Prism version 5.0 (GraphPad Software, San Diego, CA, U.S.A). 
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6.3. Results 

6.3.1. Characterization of ASB 

Hot water extraction method was applied for the aqueous extract of sea bass 

(ASB) shown as Fig. 2. The extraction yield of the aqueous extract of sea bass 

was calculated as 4.28 ± 0.69 (%). To characterize the aqueous extract of sea bass, 

the crude protein content, composition of amino acids, distribution of molecular 

weight and absorption spectra of ASB were evaluated. The Kjedahl method was 

applied for the determination of crude protein content of ASB. Results showed 

that the crude protein content of ASB was equal to 76.77 ± 1.99 (%). As shown in 

Fig. 56 and Fig. 57, 16 kinds of amino acids were identified in ASB and the 

corresponding amino acid contents were quantified, including aspartic acid, 

threonine, serine, glutamate, glycine, alanine, valine, methionine, isoleucine, 

leucine, tyrosine, phenylalanine, histidine, lysine, proline, and arginine. The 

content of glycine showed the highest values range from 4.672% to 5.357% 

(w/w), followed by the content of glutamate range from 2.973% to 3.424% and 

alanine range from 2.382% to 2.798%. As shown in Fig. 58, the molecular weight 

of protein fractions in ASB ranged from 3.3 to 250 kDa were identified. In 

particular, the molecular weight of ASB fractions were distributed around 150, 37, 

and 10 kDa, respectively. Additionally, the protein bands corresponding to 

polypeptides under 10 kDa were observed in sample well with 40 µg ASB (Fig. 

58). Moreover, the absorption spectra of ASB were analyzed at 190 nm to 900 

nm shown as Fig. 59. Result indicated that the absorption wavelength was mainly 

distributed from 190 nm to 300 nm. Furthermore, wavelength with the biggest 

absorption was found at 215 ± 10 nm (Fig. 59). 
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Figure 56. Typical chromatogram of 16 kinds of hydrolyzed amino acids in sample. 
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Figure 57. The amounts of 16 kinds of hydrolyzed amino acids in samples. The 

values were presented as mean ± SD of three independent experiments. 
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Figure 58. SDS-PAGE image of the aqueous extract of sea bass (ASB). 

 

Figure 59. Absorption spectra of the aqueous extract of sea bass at 190 nm to 900 

nm. 
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6.3.2. Isolation and identification of bioactive fractions from ASB 

As shown in Table 3, ultrafiltration membrane cartridges (MWCO = 100, 30, 

and 10 kDa) was applied for separating the aqueous extract of sea bass (ASB) 

into four fractions with molecular weight of <10 kDa (F1), 10-30 kDa (F2), 

30-100 kDa (F3) and >100 kDa (F4), respectively. The yield (%) of four fractions 

were calculated as 7.21 ± 1.99 (F1), 7.18 ± 1.47 (F2), 15.04 ± 1.81 (F3), 56.93 ± 

1.38 (F4), respectively. As followed, bioactive tracking was conducted for F1, F2, 

F3, and F4 fractions underlying anti-inflammatory activities. As shown in Fig. 60, 

the production of nitric oxide in the culture of LPS-induced macrophages were 

inhibited upon four fractions treatment. As compared to the control group, 

fraction F1 showed the highest NO production inhibitory activities (48.48% ± 

9.88%) with significant (p < 0.05) differences from other fractions. Therefore, 

only fraction F1 (Mw < 10 kDa) was characterized and selected for further 

isolation.  

To characterize the fraction F1, zeta potential and particle diameter 

distribution were evaluated. As shown in Fig. 61, the mean zeta potential of F1 

fraction was determined as -13.2 ± 3.3 mV with pH value at 6.60 ± 0.11. It 

indicated that a small negative charge was displayed on the surface of fraction F1. 

Moreover, the distribution of particle diameter of F1 fraction was evaluated 

shown as Fig. 62. The DLS analysis showed that the particle diameter of fraction 

F1 was mainly distributed around 17.82 nm and 317.5 nm with an average 

hydrodynamic diameter of 299.6 ± 11.5 nm.  

Moreover, fraction F1 was further fractionated by size exclusive 

chromatography on HiPrep 16/60 Sephacryl S-100 HR coloum (coloum volume: 

120 ml; range: 1 kDa ~100 kDa). As shown in Fig. 63, two peaks (P1 and P2) 
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were identified based on 120 coloum volume. However, four observed fractions 

(P1, P2, P3, and P4) were collected at 215 nm, 254 nm, and 280 nm for further 

bioactive tracking. Results (Fig. 64A) indicated that fraction P1 and P4 were 

shown the inhibition activities on NO production upon treatments at dosage of 

0.25 mg/mL with significant difference (p < 0.05), compared to the control group. 

Meanwhile, the inhibition activities on NO production upon treatments at dosage 

of 0.5 mg/mL (Fig. 64B) also found in fraction P1, P2, and P4 with significant 

difference (p < 0.05), compared to the control group. In accordance with the 

results shown in Fig. 64A, fraction P1 and P4 were indicated to be significantly 

inhibited the NO production in the culture of LPS-induced macrophages. 

However, the inhibition activities of fraction F1 showed to be more powerful 

with 24% ± 3%, comparing to fraction P1 and P4. Additionally, results also found 

that the inhibition ability of the secretion of nitric oxide in the culture of 

LPS-induced macrophages were no significantly difference with the ASB 

treatment shown in Fig. 64B.   

Table 4. Yield of ultrafiltration separation of ASB. 

Sample F1 F2 F3 F4 

Mw (kDa) <10 10-30 30-100 >100 

Yield (%) 7.21 ± 1.99 7.18 ± 1.47 15.04 ± 1.81 56.93 ± 1.38 

The values were presented as mean ± SD of three independent experiments. 

 



 136 

 
Figure 60. Effects of fractions obtained from ASB by ultrafiltration separation on 

the secretion of NO production in the culture of LPS-induced macrophages. NO 

productions of each column marked by the same letter are not significantly 

different (p < 0.05). 

 
Figure 61. Zeta potential distribution of fraction F1 separated from ASB. Results 

are conducted in triplicate. 
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Figure 62. Distribution of particle diameter of fraction F1 separated from ASB. 

Results are conducted in two replicates 
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Figure 63. Separation scheme of fraction F1 obtained from the aqueous extract of sea bass by size exclusive chromatography on 

HiPrep 16/60 Sephacryl S-100 HR coloum.
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Figure 64. Effects of fractions with 0.25 mg/mL (A) and 0.5 mg/mL (B) obtained 

from F1 by size exclusive chromatography on the secretion of NO production in 

the culture of LPS-induced macrophages. NO productions of each column 

marked by the same letter are not significantly different (p < 0.05). 
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6.3.3. Peptides identified from fraction F1 obtained from ASB 

To identify the bioactive components, fraction F1 obtained from ASB was 

analyzed by LC-QE-HF-MS. Fig. 65 showed the HPLC chromatographic profile 

of fraction F1. Total 162 peptides were identified in fraction F1. According to 

peptideRanker and pepBank searching, 6 kinds of peptides sequences with 

potential bioactivities were identified as DAPAPPSQLEHIRAA (1573 Da), 

APPSQLEHIR (1148 Da), AADGPMKGILGY (1193 Da), APAPPSQLEHIR 

(1316 Da), DAPAPPSQLEHIR (1431 Da) and DAPAPPSQLEHIRA (1502 Da), 

functioning in antibacterial activity against gram-negative bacteria and 

inhibiting sensitization showed in Table 5. The score obtained from 

peptideRanker represented the possibility of peptide with associated function. Fig. 

66 showed the mass spectrum of peptide with sequence as AADGPMKGILGY, 

exhibited the highest score for functional prediction in inhibiting sensitization. 

According to search in the library of NCBI based on the sea bass species, two 

kinds of proteins were identified in fraction F1 with function, including 

glyceraldehyde-3-phosphate dehydrogenase and apolipoprotein A1 showed in Fig. 

67 and Fig. 68.  
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Figure 65. HPLC chromatogram of fraction F1 obtained from ASB. 

 

Figure 66. Mass spectrum of peptide identified from fraction F1 with the highest 

score for function prediction. 
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Table 5. Peptides with bioactive function identified from fraction F1    

No. Peptide sequence Protein [Lateolabrax maculatus] Theo. MH+ [Da] Score Function 

1 
QAMQAVSPSLISSILRC

AKKTDIP 
apolipoprotein Ba 2557.38404 0.587552 —— 

2 VIPELNGKLTGM glyceraldehyde-3-phosphate dehydrogenase 1287.6977 0.505859 —— 

3 VIPELNGKLTGM glyceraldehyde-3-phosphate dehydrogenase 1271.70278 0.505859 —— 

4 DAPAPPSQLEHIRAA apolipoprotein A1 1572.81288 0.556709 
Antibacterial activity against 

Gram-negative bacteria 

5 AADGPMKGILGY glyceraldehyde-3-phosphate dehydrogenase 1192.60307 0.638915 
Antagonist peptide, 

inhibiting sensitization 

6 AGDDAPRAVF beta-actin 1018.49523 0.658962 —— 

7 AGDDAPRAVFPSI beta-actin 1315.66409 0.606043 —— 

8 AGDDAPRAVFPSIVGR beta-actin 1627.85508 0.675903 —— 

9 APAPPSQLEHIR apolipoprotein A1 1315.71171 0.615594 
Antibacterial activity against 

Gram-negative bacteria 

10 FAGDDAPRAVFP beta-actin 1262.61641 0.668051 —— 



 143 

11 APPSQLEHIR apolipoprotein A1 1147.62183 0.558543 
Antibacterial activity against 

Gram-negative bacteria 

12 DAPAPPSQLEHI apolipoprotein A1 1274.63754 0.511193 —— 

13 DAPAPPSQLEHIR apolipoprotein A1 1430.73865 0.618971 
Antibacterial activity against 

Gram-negative bacteria 

14 DAPAPPSQLEHIRA apolipoprotein A1 1501.77577 0.623329 
Antibacterial activity against 

Gram-negative bacteria 

15 FAGDDAPRAVFPS apolipoprotein 14kDa 1349.64844 0.565685 —— 

16 GFAGDDAPR beta-actin 905.41117 0.598852 —— 

17 GFAGDDAPRAVFPS beta-actin 1406.6699 0.571009 —— 
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Figure 67. The sequence and structure of protein glyceraldehyde-3-phosphate 

dehydrogenase [L. maculatus] in fraction F1 isolated from ASB, identified in 

NCBI library based on L. maculatus species. Letter with red color represented as 

the peptide identified in fraction F1. 
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Figure 68. The sequence and structure of protein apolipoprotein A1 [L. 

maculatus] in fraction F1 isolated from ASB, identified in NCBI library based on 

L. maculatus species. Letter with red color represented as the peptide identified in 

fraction F1. 
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6.4. Discussion 

As previous chapter mentioned, the dietary effects of the aqueous extract of 

sea bass (ASB) were evaluated by the in vivo and in vitro studies. Results 

indicated that ASB possessed the potential in the management of inflammation – 

associated conditions, including ulcerative colitis (UC) and wound healing. This 

chapter was focus on the characterization and fractionation of the bioactive 

components. To characterize the aqueous extract of sea bass, crude protein 

content, compositions of amino acids, distribution of molecular weight and 

absorption spectra of ASB were evaluated. Crude protein content of ASB 

indicated that the nitrogen content was very high as 76.77 ± 1.99 (%), similar to 

the report by Chalamaiah et al. (2012). It indirectly reflected that the mainly 

components of ASB was the soluble protein. Moreover, to control the quality of 

ASB, the amino acids profile of ASB from each batch was analyzed using 

Biochrom 30 amino acid analyzer (DKSH management Ltd., Shanghai, China) 

(Fig. 56 and Fig. 57). Additionally, amino acids are well known to be the basic 

units for the synthesis of various of proteins with functional properties. Many 

researchers have indicated that protein exhibited many advantages as 

nutraceuticals or functional foods due to their amino acid profile (Ren et al., 2008; 

Chalamaiah et al., 2012). Current results only showed the quantification of 16 

kinds of amino acids in ASB. Compared to report by Chalamaiah et al. (2012) 

and Chi et al. (2015a), the mainly amino acid content of ASB was relatively 

lower than fish meat. It may attribute to the composition different in various 

kinds of fish. Additionally, extraction and determination method also may 

contribute to the difference of amino acids profile.  
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Tricine-sodium dodecyl sulphate-polyacrylamide gel electrophoresis 

(Tricine-SDS-PAGE) is commonly applied for separating low molecular mass 

protein with 1-100 kDa (Ying et al., 2015; Haider et al., 2019). It is an efficient 

way for characterizing the fish species after cooking reported by Etienne et al. 

(2000). Compared to previous studies, the result (Fig. 58) clearly showed that 

ASB owning abundance protein fraction, especially for the fraction of Mw < 10 

kDa (Jambrak et al., 2014; Roslan et al., 2014). Furthermore, the fractionation of 

ASB was conducted underlying the guidance of the characterized result of 

Tricine-SDS-PAGE. As previous mentioned, the molecular weight of ASB 

fractions were distributed around 150, 37, and 10 kDa, respectively. Therefore, 

ultrafiltration membrane cartridges (MWCO = 100, 30, and 10 kDa) was applied 

for separating the aqueous extract of sea bass (ASB). Result indicated that 

fraction F1 (Mw < 10 kDa) shown the highest NO production inhibitory activities 

compare to other fractions (Fig. 60). Similar to previous reports, numerous 

researches have been reported that peptides from fish exhibited many bioactive 

activities. Commonly, the activities of anti-oxidation and anti-infection of 

peptides from fish were investigated deeply and reported by many researchers 

(Kang et al., 2015; Farvin et al., 2016). However, the anti-inflammatory activities 

of peptides from fish is still lack of systematic investigation. Reports by Ren et al. 

(2008) and Hsu (2010) indicated that isolated peptides of various species of fish 

exhibited antioxidant activities. The molecular weight of isolated peptides ranged 

from 270 Da to 1800 Da which have already been investigated (Kim et al., 2007; 

You et al., 2010). Besides that, many reports showed that antioxidant activities 

were closely linked to anti-inflammation activities (Siti et al., 2015; Chen et al., 

2016). Together, it could be concluded that the isolated peptides from fish also 
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possess potential in anti-inflammation capacities. Since fraction F1 showed the 

strongest activities among all the four fractions, it was further characterized by 

zeta-potential and hydrodynamic diameter determination, and fractionated using 

HiPrep 16/60 Sephacryl S-100 HR coloum. To characterize fraction F1, the 

average hydrodynamic diameter and zeta-potential of the particles were 299.6 ± 

11.5 nm and – 13.2 ± 3.3 mV, similar to the report by Wang et al. (2019). As 

followed, fraction F1 was further fractionated into four parts. Results indicated 

that fraction P1 and P4 were contributed to the anti-inflammatory activities with 

significant (p <0.05). However, the bioactive activities of fraction P1 and P4 were 

decreased compare to fraction F1 and ASB treatment (Fig. 64B). It may attribute 

to the fractionation process, natural degradation, and chemical reactions. Previous 

studies have already reported that the purification process caused a decrease in 

the bioactive activity of the fractions (Chen et al., 1995; Ren et al., 2008). 

Moreover, report by Lai et al. (1999) also revealed that chemical reactions will 

lead to degradation and inactivation of protein and peptides even in solid state, 

mainly include peptide bond cleavage, oxidation, deamidation, Maillard reaction, 

and dimerization/aggregation. Since fraction F1 seems to be more stable with 

higher efficiency in bioactive activity, it could be treated as the nanoparticles to 

function in anti-inflammation.  

Traditionally, researches preferred focus on the monomer investigation and 

lack of concern on the mixture or particle. Especially for Chinese medicine, it 

was not been fully accepted because of the complex nature of the formula and 

lack of quality control (Fan et al., 2019). To date, compound of Chinese medicine 

showed higher efficacy than individual molecules, obtaining higher concern in 

the world (Zhao et al., 2015; Fan et al., 2019). It indicated that mixture compound 
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in herbal medicine could be treated as the active constituent. In accordance with 

that, current results illustration that the nanoparticles of fraction F1 (Mw <10 kDa) 

is more stable with higher efficiency than the separated fractions, it may treated 

as the active constituent in ASB. Therefore, fraction F1 was obtained a further 

characterization upon the determination of hydrodynamic diameter and 

zeta-potential. Results indicated that the average hydrodynamic diameter and 

zeta-potential of the particles were 299.6 ± 11.5 nm and – 13.2 ± 3.3 mV, similar 

to the report by Wang et al. (2019). It indicated that the active constituent in ASB 

was homogeneous with negative charge in small particles size. From nanoparticle 

point of view, the active constituent of ASB might be contributed by fraction with 

molecular weight below 10 kDa.  

Furthermore, peptide sequencing of fraction F1 (Mw < 10 kDa) was further 

investigated by LC-MS. Numerous reports (Bonk and Humeny, 2001; Saparbier 

et al., 2005) also indicated that LC-MS analysis is a widespread and powerful 

tool in life science for glycoproteins and peptides detection. As shown in Table. 

5, the potential function of AADGPMKGILGY (1193 Da) was identified 

as sensitization inhibition. Sensitization is commonly appear when the stimuli 

appeared. It may lead to a series of inflammatory cytokines during sensitization. 

It has been studied that the regulation of sensitization could develop the 

peripheral nociceptors for ameliorating cutaneous inflammation (Liu et al., 2017). 

Becker and Diener (2019) also indicated that the sensitization could induce a 

markedly increase in the mast cell density, closely link to the inflammatory bowel 

disease (IBD). It suggested that ulcerative colitis as a kind of IBD, may be 

ameliorated via sensitization inhibition. Result indicated that AADGPMKGILGY 
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(1193 Da) may be treated as the potential bioactive peptide in fraction F1 

obtained from ASB in managing inflammation associated conditions.  

Additionally, DAPAPPSQLEHIRAA (1573 Da), APPSQLEHIR (1148 Da), 

APAPPSQLEHIR (1316 Da), DAPAPPSQLEHIR (1431 Da), and 

DAPAPPSQLEHIRA (1502 Da) were identified as the potential bioactive 

peptides with antibacterial activity against gram-negative bacteria. Numerous 

researches reported that the growth of gram-negative bacteria closely link to 

colitis, including Escherichia coli, Campylobacter concisus, Enterohepatic 

helicobacter, Bacteroides vulgatus, Fusobacterium varium, Shigella, and 

Salmonella (Ohkusa and Koido, 2015; Patel and Cello, 2016). Therefore, the five 

potential bioactive peptides with antibacterial activity against gram-negative 

bacteria function may contribute to the homeostatic of gut microbiota, positively 

influence the inflammatory disease pathogenesis.  

Moreover, according to search in the NCBI library based on the sea bass (L. 

maculatus) species, two kinds of proteins contain above six potential bioactive 

peptides fragment from fraction F1 were identified, including 

glyceraldehyde-3-phosphate dehydrogenase and apolipoprotein A1. Interestingly, 

numerous studies reported that this two kinds of protein have potential 

anti-inflammatory activities. Glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) is well known as a kind of glycolytic protein for energy production, 

participating in DNA repair (Sirover, 2005; Kosova et al., 2017). Takaoka et al. 

(2014) also provided evidence that GAPDH has anti-inflammatory function by 

inhibiting pro-inflammatory cytokines secretion in the serum of mice with acute 

lung injury. Apolipoprotein A1 (apoA1) is the major protein component of high 

density lipoprotein (HDL), treated as cholesterol transport protein with 
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immunomodulatory function. High-density lipoproteins (HDL) have been 

reported that it could bind and neutralize the lipopolysaccharide (LPS), treated as 

a potential therapeutic agents for sepsis and conditions associated with local or 

systemic inflammation (Murch et al., 2007; Georgila et al., 2019). It indicated 

that apolipoprotein A1 (apoA1) protein also may be treated as a therapeutic 

agents for managing inflammation associated condition. Therefore, this two kinds 

of proteins may be treated as the active constituent in ASB with 

anti-inflammatory activities. 

6.5. Summary 

In conclusion, to characterize the aqueous extract of sea bass, the crude 

protein content, composition of amino acids, distribution of molecular weight and 

absorption spectra of ASB were evaluated as the quality control. Furthermore, 

bioactive tracking for ASB underlying the anti-inflammatory activities were 

conducted by ultrafiltraion and size exclusive chromatography. The molecular 

weight of ASB fractions were identified in Tricine-SDS-PAGE around 150, 37, 

and 10 kDa, respectively. Results indicated that separated fractions by 

ultrafiltration were contributed to the bioactive activities. In particular, fraction 

F1 (Mw < 10 kDa) shown the strongest bioactive activities among other fractions, 

similar to ASB treatment. Additionally, results showed that fraction P1 and P4 

further isolated from F1 by size exclusive chromatography were exhibited the 

bioactive activities. However, the bioactive activities of P1 and P4 were 

decreased compared to F1 and ASB treatment. Therefore, fraction F1 was 

obtained a further characterization through the determination of hydrodynamic 

diameter and zeta-potential. Current results established that fraction F1 (<10 kDa) 

as a kind of nanoparticles, it was identified as an anti-inflammatory agent with 
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more stable and higher efficiency than the separated fractions. Furthermore, six 

kinds of peptides and two protein were identified with potential 

anti-inflammatory activities in fraction F1 obtained from ASB by LC-QE-HF-MS 

analysis. Together, current result illustrated that Fraction F1 may be treated as the 

active compounds in ASB with anti-inflammatory activities. Six kinds of peptides 

and two protein identified in fraction F1 confirmed that Fraction F1 could be 

treated as the main component for contributing the potential anti-inflammatory 

activities to ASB. Additionally, the identified peptides and protein also could be 

treated as the potential active constituent in ASB for managing the inflammation 

associated condition, and can be explored in future. The present findings 

provided the chemical basis for the folk use of sea bass in managing 

inflammation-associated conditions. 
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Chapter VII  

Conclusions 

7.1. Conclusions of current work 

The in vivo and in vitro studies were conducted to investigate the molecular 

mechanisms of the anti-inflammatory activity of sea bass. For in vivo studies, the 

therapeutic effects of ASB in managing inflammation-associated conditions on 

wound healing and ulcerative colitis were applied for investigation. The 

modification of gut microbiota upon sea bass treatment in ulcerative colitis were 

evaluated. 

The current results clearly indicate that ASB possesses potential 

anti-inflammation therapeutic effect through inhibiting the activation of TLR4 

signaling against DSS-induced colitis. The production of pro-inflammatory 

cytokines in inflamed models was markedly reduced upon ASB treatments. 

Results also indicated that ASB could significantly ameliorate several 

pathophysiological and morphological features in DSS-induced colitis. The 

current work illustrated that ASB treatments ameliorate the intestinal 

inflammation in gut, and may correlate with an inhibitory effect on TLR4 

signaling activation, and thus, could be a promising candidate for treating UC. 

Moreover, current results also elucidated that ASB exhibited a potential 

effect on wound healing acceleration. Cutaneous wound model in C57BL/6 mice 

showed many similarities in appearance to the process of wound healing. Current 

studies indicated that ASB treatment might possess an anti-inflammatory effects 

in wounds by down-regulating the expression levels of inflammatory mediators 

and lowering the numbers of inflammatory cells. Additionally, study suggested 

that ASB treatment has a potential in accelerating the proliferation phase of 
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wound healing via well-organized abundant collagen deposition, angiogenesis, 

strengthening the skin contraction and skin organ maturation in wounds. The 

present findings illustrated the therapeutic potential of ASB in accelerating skin 

wound healing.  

Additionally, this study also illustrated that ASB possesses potential 

therapeutic effect in ameliorating intestinal dysbiosis for managing ulcerative 

colitis. β-diversity analysis and species variance statistics were conducted to 

evaluate the microbial communities and discovered the high dimensional 

biomarkers. For β-diversity analysis, principal coordinate analysis (PCoA) 

showed that fecal samples clusters were obviously separated between DSS and 

control group. The cluster of microbiota in ASB group was observed to spread 

from the cluster of microbiota in the DSS group. The composition of microbiota 

at phylum and genus level were exhibited as the distribution histogram of relative 

abundance. The relative abundance of Bacteroidetes at phylum level was 

significantly (p < 0.05) increased upon ASB treatment compare to DSS group, 

but no significant with control group. Moreover, histogram of linear discriminant 

analysis (LDA) scores and Cladogram as the results of LEfSe analysis applied for 

evaluating the biomarkers among groups. Results showed that 

Christensenellaceae was identified as the biomarker among groups for treating 

colitis. The current results elucidated the homeostatic of gut microbiota upon 

ASB treatment might positively influence the inflammatory disease pathogenesis. 

Establishing a further justification for clinical application of ASB in precision 

editing the gut microbiota ameliorates colitis. 

Accumulating the results from in vivo studies, it clearly illustrated that ASB 

possesses potential therapeutic effect in ameliorating ulcerative colitis, skin 
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wounds, and intestinal dysbiosis. A further justification for the clinical 

application of sea bass in treating inflammation-associated conditions is 

necessary. 

Furthermore, the in vitro studies showed that the activation of TLR4 

signaling was significantly inhibited upon ASB treatments. The production of 

pro-inflammatory cytokines in inflamed models was markedly reduced upon ASB 

treatments. The inhibitory effect of ASB on the inflammatory mediators regulated 

via NF-κB, AP-1 and IRF-3 pathways (Fig. 52) were discovered in current 

studies. The secretion of NO, MCP-1 and TNF-α in the culture of LPS-stimulated 

macrophages were markedly reduced by ASB treatment. The mRNA expression 

levels of iNOS, COX-2, TNF-α and CCL-5 were down-regulated. The 

phosphorylation and nuclear protein levels of transcription factors NF-κB and 

AP-1 were effectively decreased as well. The findings provided an evidence for 

anti-inflammatory effect of sea bass which may accelerate wound healing. 

Additionally, the wound closure rates of fibroblasts were significantly increased 

upon ASB treatment. It indicates that ASB treatment can accelerate the migration 

of fibroblasts. In addition, the protein expression levels of Cyclin D1 were 

markedly increased upon ASB treatment, it suggested that ASB treatment could 

promote the proliferation of fibroblasts. The present studies could suggest that 

ASB treatment has a closely link to accelerate the wound healing through 

migration and proliferation enhancement. The present in vitro studies were 

further confirmed the therapeutic potential of ASB in accelerating skin wound 

healing and ameliorating ulcerative colitis. 

For the characterization of the aqueous extract of sea bass, the crude protein 

content, composition of amino acids, distribution of molecular weight and 
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absorption spectra of ASB were evaluated as the quality control. Ultrafiltraion 

and size exclusive chromatography were conducted for the bioactive tracking of 

ASB underlying the anti-inflammatory activities. The molecular weight of ASB 

fractions were identified in Tricine-SDS-PAGE around 150, 37, and 10 kDa, 

respectively. Results indicated that separated fractions by ultrafiltration were 

contributed to the bioactive activities. In particular, fraction F1 (Mw < 10 kDa) 

showed the strongest bioactive activities among other fractions, similar to ASB 

treatment. Additionally, results showed that fraction P1 and P4 further isolated 

from F1 by size exclusive chromatography exhibited the bioactivities. However, 

the bioactivities of P1 and P4 were decreased compared to F1 and ASB treatment. 

Therefore, fraction F1 was obtained a further characterization upon the 

determination of hydrodynamic diameter and zeta-potential. Results illustrated 

that the nanoparticles of fraction F1 (<10 kDa) is more stable with higher 

efficiency than the separated fractions. Furthermore, six kinds of peptides and 

two protein were identified with potential anti-inflammatory activities in fraction 

F1 obtained from ASB by LC-QE-HF-MS analysis. Together, current result 

illustrated that Fraction F1 may be treated as the active compounds in ASB with 

anti-inflammatory activities. Six kinds of peptides and two protein identified in 

fraction F1 confirmed that Fraction F1 could be treated as the main component 

for contributing the potential anti-inflammatory activities to ASB. The present 

findings provided the chemical basis for the folk use of sea bass in managing 

inflammation-associated conditions. 

Current studies providing evidence that ASB treatment potentially accelerate 

wound healing and ulcerative colitis underlying the investigation of inflammation 

and proliferation. ASB also possesses a potential therapeutic effect in 
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ameliorating intestinal dysbiosis for managing ulcerative colitis. The finding in 

the study of microbiota might be an important factor for taking ASB into the 

future drug design. Further characterization identified that Fraction F1 obtain 

from ASB may the main component for contributing the observed 

anti-inflammatory activities of ASB. Peptides in frction F1 were identified as 

DAPAPPSQLEHIRAA (1573 Da), AADGPMKGILGY (1193 Da), 

APAPPSQLEHIR (1316 Da), APPSQLEHIR (1148 Da), DAPAPPSQLEHIR 

(1431 Da), DAPAPPSQLEHIRA (1502 Da) and proteins identified as 

glyceraldehyde-3-phosphate dehydrogenase and apolipoprotein A1 might be 

responsible for anti-inflammatory  activity, treated as a promising candidate for 

treating inflammation associated conditions. The present results clearly 

established a pharmacological and chemical basis for the folk use of sea bass in 

managing inflammation associated conditions. 

7.2. Limitation of the current work 

The extracted yield of isolated bioactive component was very low. It needs 

to cost huge amounts of samples and time. Additionally, the exact structures of 

the bioactive components from sea bass remain obscure. The stability of bioactive 

components still unclear during a series of processing steps. Numerous studies for 

the active component tracking were based on the anti-oxidative activities. Lack of 

studies focus on the bioactive tracking underlying anti-inflammatory activities by 

cell model evalution. Therefore, the mainly methods of isolation and purification 

were based on the bioactive tracking underlying anti-oxidative activities as 

reference. Based on that, the development of an effective method for determining 

the structures are the challenges and need to be further studied. 
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7.3. Future work 

The current studies elucidated that the aqueous extract of sea bass (ASB) 

had potential therapeutic effect in managing inflammation-associated conditions. 

For future studies, the correlation between the abundance of microbiome 

variation and ulcerative colitis upon ASB treatment could be obtained a deeply 

investigation. From nanoparticle point of view, the active constituent of ASB 

might be contributed by fraction with molecular weight below 10 kDa. The 

characterization of fraction F1 will be further analyzed via FTIR spectra for 

secondary structure, transmission electron microscope (TEM) for morphology 

observation. Based on bioactive tracking in database and literature review, the 

identified peptides and protein in fraction F1 were identified to have potential 

anti-inflammatory activities for managing the inflammation associated condition. 

However, it still need to be explored in future for further verification. The 

identified peptide in fraction F1 will be synthesized, and then the 

anti-inflammatory activities will be analyzed separately. As current studies 

mentioned, the bioactive tracking were underlying the anti-inflammatory 

activities. For future work, proliferation activity also will be applied for further 

bioactive tracking. Additionally, staining and flow-cytometry analysis will be 

conducted to study whether ASB or nanopartical fraction F1 have enter the cell 

for contributing the bioactive activities. 
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