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Abstract 

ANTI-INFLAMMATORY ACTIVITY OF RUBUS SUAVISSIMUS S. LEE LEAF 

EXTRACT IN A C57BL/6J MOUSE MODEL WITH LPS-INDUCED 

LOW-GRADE CHRONIC IMFLAMMATION 

 

 

Ruili Qi                                         Advisor: 

University of Guelph, 2018                         Professor Yoshinori Mine 

 

This study aimed to identify the anti-inflammatory activity and mechanism of Rubus 

suavissimus S. Lee leaf extract in a mouse model with LPS-induced systemic low-grade 

chronic inflammation. The persistent LPS administration to mice increased intestinal 

permeability and induced a systemic low-grade chronic inflammation, which increases 

the potential risk of developing metabolic disorders.  

Supplementation of Rubus suavissimus S. Lee leaf extract suppressed the secretion of 

pro-inflammatory mediators, TNF-α, IL-6, and MCP-1, and promoted the secretion of 

anti-inflammatory mediator, adiponectin by increasing protein expression of PPAR-γ. 

Rubus suavissimus S. Lee leaf extract decreased intestinal permeability by modulating the 

gene expression of tight junction proteins, prevented macrophage infiltration, and 

prevented the insulin resistance by restoring insulin sensitivity and increasing the protein 

expression of IRS-1.  

This study has demonstrated that Rubus suavissimus S. Lee leaf extract possessed 

anti-inflammatory and protective effects in preventing systemic low-grade chronic 

inflammation and inflammation-induced early stage of metabolic disorders. 
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1. Literature review 

1.1 Gut health 

1.1.1 Structure and bio-function of gut 

The gastrointestinal (GI) tract, also refers as ‘gut’, is a hollow, muscular tube starting 

from the mouth to the anus (Figure 1). The GI tract consists two parts, the upper GI tract 

(esophagus, stomach, and duodenum), and the lower GI tract (most of the small intestine 

and large intestine) (PubMed Health, 2005). The GI tract plays an important role in 

digesting and absorbing nutrients and energy, as well as excreting the body waste. The GI 

tract also acts as a barrier to protect the host from invading bacteria, virus, and pathogens 

(Cummings et al., 2004). Therefore, maintaining a healthy gut is essential to overall health. 

Bischoff (Bischoff, 2011) has defined five critical criteria for a healthy gut, that is effective 

digestion and absorption of foodstuffs, no gut disease, effective gut mucosal barrier and 

immune system, normal quantity and composition of gut microbiota, and positive gut 

feeling. The following sections will mainly focus on the gut mucosal barrier, the gut 

immune system, and the gut microbiota. 
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Figure 1. An overview of the gastrointestinal tract. The GI tract starts from the mouth to 

the anus. Upper GI tract consists esophagus, stomach, and duodenum; lower GI tract 

consists most of small intestine and large intestine. Picture is from (Van De Graaff, 1986). 
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1.1.2 Gut barrier 

 There are four major tissue layers of the intestine: mucosa, submucosa, musculairs 

externa, and serosa (Figure 2). The mucosa layer is the innermost layer that interacts with 

lumen contents. It is comprised of epithelial cells which are crucial for absorption of 

nutrients. The presence of circular folds, villi, and microvilli (Figure 2) creates a brush 

border to increase the surface area for absorbing more nutrients to the host bloodstream. 

The epithelial cells act as the defensive front-line of the host gut. Pathogens that are 

adhering to the mucosa can be washed away by sloughing of epithelial cells and fluid 

effusion from the crypt (Cummings et al., 2004). A continuous layer of jelly-like gel, called 

mucus, is secreted by the goblet cells, and covers the epithelial surface to provide a 

physical separation between the luminal contents and the epithelial cells. Mucus is formed 

by the combination of water, trefoil peptides, surfactant lipids, and predominantly of 

mucin glycoproteins (Deplancke & Gaskins, 2001; Moncada, Kammanadiminti, & Chadee, 

2003). The defense mechanism of mucins is physically trapping microbes to prevent their 

attachment to the mucosa surface (Lamont, 1992). In the small intestine and colon, mucin 2 

is the major gel-forming mucin (Moncada et al., 2003). The mucus layer plays an important 

role in protecting mucosa from injury, as well as promoting repair after the damage 

(Cummings et al., 2004).  
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Figure 2. Layers of intestine. The mucosa, submucosa, muscularis externa, and serosa 

consist intestine tissue layers. Villi are the finger-like structures on the mucosa layer, and 

microvilli are on the epithelial cells. Circular folds, villi, and microvilli increase the surface 

area of intestinal mucosa and enhances the absorption of nutrients. The para-cellular spaces 

between epithelial cells are held together by tight junctions. Picture is from Algonquin 

College (2012). 

 

 The intestinal epithelia act as the selective permeable barrier by preventing the passage 

of invading microorganisms, antigens, and toxins, while permitting the translocation of 

nutrients, water and electrolytes (Groschwitz & Hogan, 2009). These two functions 

together are defined as intestinal permeability. Trans-cellular permeability and 

para-cellular permeability are the two major pathways of the epithelia regulating the 

selective permeability (Figure 3). Solutes, such as amino acids and electrolytes, 

trans-cellularly pass through the selective energy-dependent transporters on the epithelial 

cells (Groschwitz & Hogan, 2009). Para-cellular pathway is the passive diffusion of ions 
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and non-charged solutes through the space between epithelial, in which tight junction (TJ) 

serves as a gatekeeper (Schneeberger & Lynch, 2004).  

 

 

 

Figure 3. Pathways of epithelial permeability. Trans-cellular permeability: solute and 

water movement through epithelial cells. Para-cellular permeability: movements between 

epithelial cells, which is controlled by TJ. Picture is from Groschwitz & Hogan (2009). 

 

TJ multi-protein complexes can be divided into three major groups: trans-membrane 

TJ proteins, TJ plaque proteins, and actin cytoskeleton proteins. The trans-membrane 

proteins, claudin, occludin, and junctional adhesion molecules (JAM) bridge the 

inter-cellular space to regulate the para-cellular permeability (Schneeberger & Lynch, 

2004) (Figure 4). The trans-membrane proteins are linked to the actin cytoskeleton by 

plaque proteins (Ulluwishewa et al., 2011). Plaque proteins, such as zonula occludens (ZO), 

play a unique role in regulating TJ by acting as a scaffold (Fanning, Jameson, Jesaitis, & 

Anderson, 1998; Gonzalez-Mariscal, Betanzos, Nava, & Jaramillo, 2003). With the help of 

TJ protein complexes, the epithelial para-cellular permeability is precisely regulated to 
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protect the host from unwanted pathogens and antigens. Therefore, the gut is protected by 

epithelial cells and TJs as the front-line defense barrier. 

 

 

 

 

 

 

 

Figure 4. Tight junction structure. The trans-membrane proteins, claudin, occludin, and 

junctional adhesion molecules (JAM) form seals between adjacent epithelial cells 

(Ulluwishewa et al., 2011). Claudin and occludin are tetraspan proteins, whereas JAM is 

singlespan. Plaque proteins, zonula occludens (ZO) proteins, connects trans-membrane 

proteins and actin cytoskeleton. Picture is from Ulluwishewa et al. (2011). 
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1.1.3 Gut immune system 

However, if the invaded pathogens pass through the luminal first-line barrier, gut 

immune system is activated to eliminate the threats and protect the host (Moncada, 

Kammanadiminti, & Chadee, 2003). The gut immune system consists two sub-groups: 

innate (natural) and adaptive (specific) immunity, which work together to promote gut 

health. The cells of innate system, include dendritic cells (DCs), macrophages, and 

neutrophils etc., detect and respond to the invaded pathogens immediately (Iwasaki & 

Medzhitov, 2010). In contrast, adaptive immune system, which consists T and B 

lymphocytes, is the long-lasting response and creates immunological memory (Kumar, 

Kawai, & Akira, 2011). When the invaded pathogens are detected, immune cells are 

recruited to the infection sites to clear them, repair the tissue damage, and sustain the 

homeostasis. Gut-associated lymphoid tissue (GALT), a well-developed immune network, 

which is beneath follicle-associated epithelium (FAE) has an essential role in protecting 

the host from pathogens (Gonnella et al., 1998). GALT comprises isolated and aggregated 

lymphoid follicles and is one of the largest lymphoid organs (C. Jung, Hugot, & Barreau, 

2010). FAE contains abundant microfold cells (M cells), which are specialized cells 

binding and transporting the luminal antigens and pathogens to the underlying organized 

lymphoid tissue to eliminate the threat (Lorenz & Newberry, 2004). Immunoglobulin A 

(IgA) is secreted into the intestinal lumen by plasma cells in the lamina propria. IgA not 

only prevents the penetration of invaded antigens through the intestinal surface (Wershil & 

Furuta, 2008) but also redirects them to the M cells and Peyer’s patch (PP) (C. Jung et al., 
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2010). M cells act as IgA receptors to uptake IgA trapped antigens. Antigen-presenting 

DCs can detect the antigens by passing the dendritic into the lumen without disturbing tight 

junction integrity (MacDonald & Monteleone, 2005). DCs then capture and transfer the 

information to PP to activate the adaptive immune system (Banchereau et al., 2000). The 

innate and the adaptive immune systems work corporately to act as the second-line defense 

(Figure 5). 

 

 

 

 

 

 

Figure 5. Gut immune system. The mucus layer acts as a front-line physical barrier to 

effectively protect the epithelial cells from invaded pathogens and antigens. The gut 

immune system is the second-line immunological barrier. The innate immune response is 

regulated by macrophages and dendritic cells (DCs). DCs can initiate the adaptive immune 

response, which is regulated by microfold cells (M cells), Peyer’s patch (PP) lymphocytes, 

T cells and B cells. Picture is from The IBD Immunologist (2014). 
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1.1.4 Gut microbiota 

Since gut microbiota plays a crucial role in host health and diseases, it is also referred 

as the host’s “forgotten organ” (Clemente, Ursell, Parfrey, & Knight, 2012). Human gut 

microbiota contains over 100 trillion bacteria (Sekirov, Russell, Antunes, & Finlay, 2010). 

The predominant genera are Bacteroides, Bifidobacterium, Eubacterium, Clostridium, 

Peptococcus, Peptostreptococcus, and Ruminococcus (Guarner & Malagelada, 2003). The 

colonization of gut microbiota differs among individuals and can be altered by lifestyle, 

age, and diet. Gut microbiota exerts metabolic, trophic, and protective functions. The key 

metabolic function of gut microbiota is the degradation of non-digestible dietary fiber and 

unabsorbed starch to produce short-chain fatty acids (SCFAs), mainly acetate, propionate, 

and butyrate (Scheppach, 1994). Butyrate is the preferred energy and nutritive source for 

colonocytes (Topping & Clifton, 2001). Intestinal microbiota plays an essential role in the 

development of GALT. Without the luminal bacteria, B cells and T cells do not home to the 

lamina propria and IgA is not secreted (Abreu et al., 2005). Moreover, gut microbiota has 

the ability to assist the mucosal immune system to distinguish commensal bacteria from 

pathogens to protect the host from infection (O'Hara & Shanahan, 2006). In healthy 

individuals, the equilibrium between beneficial and pathogenic microbiota is maintained. 

If this homeostasis is disrupted, the host is at risk of developing health problems. 

In conclusion, the gut health is well-maintained by the collaboration of gut barrier, gut 

immune system, and gut microbiota. Any failures among these three can potentially lead to 

health issues. 
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1.2 Intestinal inflammation and impacts on human health 

1.2.1 General aspects of inflammation 

Inflammation is the innate response to cellular injury that is characterized by increased 

blood flow, immune cell infiltration, elevated concentration of pro-inflammatory 

mediators in the systemic circulation (Minihane et al., 2015). Four components are 

included in an inflammatory response: inflammatory inducers, inflammatory sensors, 

inflammatory mediators, and target tissues (Figure 6) (Medzhitov, 2010). The 

pathogen-associated molecular patterns (PAMPs) are detected by pattern recognition 

receptors (PRRs), like Toll-like receptors (TLRs), which are expressed on tissue-resided 

macrophages (Chovatiya & Medzhitov, 2014). The production of inflammatory cytokines 

(e.g. tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6) and chemokines (e.g. 

monocyte chemotactic protein-1 (MCP-1) is induced by activating the transcription factor, 

nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB). These 

inflammatory mediators then act on target tissues and induce vasodilation of blood vessels, 

leakage of plasma into the infected tissue, migration of immune cells out of the blood 

vessels (Chovatiya & Medzhitov, 2014; Medzhitov, 2010). The inflammatory responses 

display signs including redness, tissue swelling with pain and heat. The recruited immune 

cells destroy and remove the invading pathogens. Once foreign pathogens are no longer 

detected and damaged tissues are repaired, the anti-inflammatory response is initiated to 

restore the homeostasis.  
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Figure 6. Inflammatory Pathway Components. The pathway consists of inducers, sensors, 

mediators, and target tissues. The inducers initiate the inflammatory response and are 

detected by the sensors. The sensors, like Toll-like receptors (TLRs), are expressed on 

variety cells, like mast cells, dendritic cells, and macrophages. The production of mediators 

is induced by the sensors and these mediators act on specific target tissues that disturb in 

functional states. Picture is from (Medzhitov, 2010). 

 

Inflammation can be classified as acute inflammation and chronic inflammation. 

Acute inflammation responses are fast and short-lasting, usually hours to days. If the 

inflammatory inducer is not eliminated successfully, the prolonged production of 

pro-inflammatory mediators leads to the development of chronic inflammation.  

Macrophages are the central components of innate defense against the invaded 

foreigners (Arimura, Aoshiba, Tsuji, & Tamaoki, 2012). Macrophages can be classified 

into two main phenotypes: macrophages 1 (M1) and macropage 2 (M2). M1 is classically 

activated to secrete pro-inflammatory cytokines, e.g. TNF-α and chemokines, e.g. MCP-1, 

and promote inflammatory responses, whereas M2 is alternatively activated to secrete 

anti-inflammatory cytokines such as interleukin 10 (IL-10) and activate tissue repair 

(Dunster, 2016; Martinez & Gordon, 2014). The balance between these two phenotypes 

impacts the inflammatory states. The prolonged activation of M1 contributes to the 
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excessive secretion of pro-inflammatory mediators and macrophage infiltration, which 

diminish the invaded pathogens, resist tumor development, and lead to chronic 

inflammation (Martinez & Gordon, 2014; Schultze, Schmieder, & Goerdt, 2015). In 

contrast, the prolonged activation of M2 leads to excessive cell proliferation which 

promotes tumor development (Martinez & Gordon, 2014; Schultze et al., 2015).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Two phenotypes of Macrophages. Macrophages 1, classically activated, 

produce the pro-inflammatory mediators, e.g. TNF- α, MCP-1. These mediators promote 

inflammation and resist tumor development. Macrophages 2, alternatively activated, 

produces anti-inflammatory mediators, e.g. IL-10. These mediators suppress 

inflammation and promotes tumor development.  

 

1.2.2 Leaky gut and intestinal inflammation 

Various conditions including physical stressors and pathogenic infections disrupt the 

intestinal barrier, increase the intestinal permeability, and eventually induce leaky gut 

(Figure 8) (Ilan, 2012; Stewart, Pratt-Phillips, & Gonzalez, 2017). Reduced thickness of 

Macrophages 

Macrophages 1 Macrophages 2 

Classical activation Alternative activation 

Pro-inflammatory mediators: 

TNF- α, MCP-1 

Promote inflammation 

Tumor resistance 

Anti-inflammatory mediators: 

IL-10 

Suppress inflammation 
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the mucus layer, altered composition of mucus, and changed intestinal microbiota diversity 

and composition is observed in the leaky gut (Michielan & D’Incà, 2015). Leaky gut 

promotes the development of chronic intestinal inflammation as the intestinal barrier can 

no longer protect the lamina propria against translocation of bacteria, toxins, and pathogens 

(Tetz & Tetz, 2016). The subsequent immune response is activated and results in the 

production of pro-inflammatory cytokines and chemokines, such as TNF-α, MCP-1, IL-1, 

IL-6, to eliminate the invaders. The persist decrease in the number and complexity of TJ 

proteins and chronic damage in the epithelia allow continuous invading of pathogens 

through the intestinal barrier and the immunological response keeps activating M1 

macrophage to produce the pro-inflammatory mediators (Stewart et al., 2017). As a result, 

the accumulation of pro-inflammatory mediators contributes to the state of chronic 

intestinal inflammation. 
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Figure 8. Comparing the mucosal barrier in health and non-health conditions. Under leaky 

gut condition, the intestinal permeability is increased, and the tight junction integrity is 

disturbed. Therefore, the luminal contents can pass through the intestine wall easily 

without any barrier. Picture is from (Stewart et al., 2017). 

 

1.2.3 Intestinal inflammation and human health  

Intestinal inflammation is a public health concern worldwide. Inflammatory bowel 

diseases (IBD) including Crohn’s disease (CD) and ulcerative colitis (UC) are 

characterized by chronic intestinal inflammation with increased levels of pro-inflammatory 

cytokines in the mucosal immune system (Turner, Nedjai, Hurst, & Pennington, 2014). 

IBDs are lifelong diseases and the patients experience persistent diarrhea, abdominal pain, 

bloody stools, weight loss. Surgery is required for severe cases. Moreover, IBD patients are 

at higher risk for colorectal cancer, blood clots, and primary sclerosing cholangitis (CCFA, 

2014). In 2012, approximately 233,000 Canadians living with IBD. The total costs of IBD 

were $2.8 billion (about $12,000 per IBD patient) (Rocchi et al., 2012). Canada holds the 
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highest prevalence and incidence rates of CD and UC in the world and the combined 

economic burden for direct and indirect costs is $1.75 billion annually with keeping 

growing rates (Fedorak, Wong, & Bridges, 2010). Therefore, IBD significantly impacts the 

patients’ quality of life and accounts as the economic burdens to family and society.  

 Chronic inflammation of intestine causes local diseases, which can further develop to 

systemic low-grade chronic inflammation. In addition, low-grade chronic inflammation 

has related with a wide range of chronic conditions, such as insulin resistance, metabolic 

diseases, obesity, cardiovascular disease, type II diabetes and non-alcoholic fatty liver 

diseases (NAFLD) (Minihane et al., 2015). 

 

1.3 Low-grade chronic inflammation and chronic diseases 

Low-grade chronic inflammation is resulted from persisting pro-inflammatory 

mediator production and macrophage activation. Such inflammation barely causes any 

symptoms. Intestinal low-grade chronic inflammation plays an essential role in the 

development of systemic low-grade chronic inflammation by increasing inflammatory 

inducers through the leaky gut and elevating the pro-inflammatory mediators in the 

systemic system. Low-grade chronic inflammation spreads from the local scale to the 

systemic scale. The inflammatory inducers potentially trigger inflammation at systemic 

scale and the pro-inflammatory mediators activate M1 macrophages and NF-κB signaling 

pathways to produce more pro-inflammatory mediators at systemic scale. As a result, 

intestinal low-grade chronic inflammation promotes the development of systemic 
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low-grade chronic inflammation. 

 

1.3.1 Low-grade chronic inflammation and insulin resistance 

Insulin is a key hormone that regulates glucose metabolism and lipid homeostasis. 

Insulin binds to the insulin receptors on the cell surface to stimulate the 

autophosphorylation of the receptor’s intrinsic tyrosine kinase and activates the cell 

signaling pathway (Pirola, Johnston, & Van Obberghen, 2004). Tyrosine phosphorylated 

residues create docking sites for downstream signaling molecules, including adapters, 

such as insulin receptor subset 1 (IRS-1) and IRS-2 (Pirola et al., 2004). These proteins 

are subsequently phosphorylated on tyrosine. The activation of insulin signaling pathway 

induces the translocation of vesicles containing glucose transporter type 4 (GLUT-4) 

move to the plasma membrane to promote glucose uptake into the cells.  

 Insulin resistance (IR) is characterized by impaired sensitivity of insulin and is 

associated with low-grade chronic inflammation. Suppressor of cytokine signaling (SOCS) 

proteins are induced during inflammation by IL-6, which can induce degradation of IRS 

proteins (Zeyda & Stulnig, 2009). TNF-α can alter the gene expression of IRS-1 and 

GLUT-4 and promote serine phosphorylation of IRS (Zeyda & Stulnig, 2009). Therefore, 

IR is induced by decreased GLUT-4 expression and IRS content. Persistent high blood 

glucose level promotes the pancreatic β-cells to secrete more insulin to compensate for 

this condition (Arruda et al., 2011). Monocytes that are under hyperglycaemic condition 

induce more secretion of cytokines, such as IL-1β, IL-6, and TNF-α, which further 
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contribute to the development of IR (Pirola et al., 2004). In addition, the inhibitor kappa B 

kinase (IKKβ), a proximal mediator in NF-κB pathway, is a target for TNF-α to induce IR 

(Tilg & Moschen, 2008a). C-Jun N-terminal kinase (JNK), which controls cellular 

functions via regulation of activator protein-1 (AP-1), may increase the TNF-α level and 

promote IR development (Tilg & Moschen, 2008a). Endoplasmic reticulum (ER) stress 

also plays a role in triggering IR by producing molecules to activate NF-κB/IKK-κB and 

JNK-AP-1 pathways. IR contributes to a constellation of complications, such as 

hyperinsulinemia, hypertension, glucose intolerance, and dyslipidemia, and can further 

lead to metabolic syndrome, such as obesity, type II diabetes (T2D), cardiovascular 

diseases, and NAFLD (Natali et al., 2006; Zeyda & Stulnig, 2009).  

 

1.3.2 Low-grade chronic inflammation and obesity 

Low-grade chronic inflammation and obesity are tightly linked. Several 

pro-inflammatory mediators, such as TNF-α, IL-6, MCP-1, are found elevating in the 

obese individuals. Elevated MCP-1 level is a critical factor in macrophage recruitment and 

promotes macrophage infiltration in the white adipose tissues (Odegaard et al., 2007). The 

anti-inflammatory mediator, adiponectin, is predominantly produced by adipocytes and is 

low in obese individuals (Jung & Choi, 2014). Low levels of adiponectin are associated 

with increased morbidity and high levels of IL-6 (Bruun, Helge, Richelsen, & Stallknecht, 

2006).  
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Due to adipocyte hypertrophy in obesity, necrosis-like adipocyte cell death triggers 

recruitment of M1 macrophages migrate and accumulate around dead adipocytes, 

forming “crown-like structures” (Zeyda & Stulnig, 2009). Under low-grade chronic 

inflammation condition, MCP-1 induces more accumulation of macrophages in the 

adipose tissue, which will contribute to the increased systemic concentration of 

pro-inflammatory cytokines (Cancello & Clement, 2006; Tam, Clement, Baur, & 

Tordjman, 2010). In addition, adipocytes have the ability to produce and release the 

pro-inflammatory mediators, collectively called adipokines, such as TNF-α, IL-6, IL-1, 

and MCP-1 (Bruun et al., 2006). Low-grade chronic inflammation induced adipocyte 

dysfunction worsens the situation, triggers more adipokine secretion, and amplifies the 

inflammatory response.  

Peroxisome-proliferator-activated receptor γ (PPAR γ), essential for fat cell 

development and M2 macrophage maturation, is a genetic sensor of fatty acids. Its ligand 

thiazolidinediones (TZDs) can negatively regulate pro-inflammatory cytokine production 

(Tilg & Moschen, 2008b). However, low-grade chronic inflammation suppresses PPAR γ 

and results in a phenotypic switch from anti-inflammatory M2 macrophages to 

pro-inflammatory M1 macrophages in the adipose tissue. Moreover, TNF-α potently 

activates M1 macrophages and promotes the production of pro-inflammatory cytokines.  
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1.3.3 Low-grade chronic inflammation and liver diseases 

NAFLD is defined as over-accumulation of lipids in the liver. IR, as a result of 

low-grade chronic inflammation, is a critical factor in the development and progression of 

NAFLD by increasing free fatty acids (FFA), decreasing FFA oxidation, and decreasing 

hepatic lipid export through very-low-density lipoproteins (VLDL), increasing 

pro-inflammatory mediators secreted from immune cells and adipose tissue, and activating 

hepatic glucose stellate cell and Kupffer cell (U. J. Jung & Choi, 2014; Tilg & Moschen, 

2008b). Decreased serum adiponectin level, enhanced liver TNF-α expression, and 

elevated NF-κB p65 expression have been observed in NAFLD patients (Tilg & Moschen, 

2008b). Moreover, NAFLD patients have increased intestinal permeability and elevated 

endotoxin levels (Harte et al., 2010).  

Low-grade chronic inflammation induces a higher level of TNF-α. Elevated TNF-α 

promotes hepatic lipogenesis and hyperlipidemia (Zeyda & Stulnig, 2009). Increased 

levels of serum triglycerides are closely associated with increased levels of IL-6 and 

decreased level of plasma adiponectin (Jung & Choi, 2014). Adiponectin is able to 

suppress hepatic lipogenesis by down-regulating the lipogenic transcription factor, sterol 

regulatory element-binding protein (SREBP-1c) and induces glucose utilization and fatty 

acid oxidation in the liver (Jung & Choi, 2014). Besides, adiponectin ameliorates hepatic 

steatosis and inflammation and can restore alanine aminotransferase (ALT) levels, 

Increased ALT indicates the liver injury (Jung & Choi, 2014). However, this 

anti-inflammatory adipokine is reduced by low-grade chronic inflammation. IL-6 induced 



 
 

20 
 

overexpression of hepatic SOC proteins triggers SREBP-1c secretion, which is a crucial 

regulator of fatty acid synthesis (Tilg & Moschen, 2008b). Hepatic FFA triggers 

triglyceride synthesis and promotes accumulation of lipids, which contributes to the 

development of fibrosis and cirrhosis. Hepatocyte steatosis activates NF-κB/IKK-κB 

pathway and triggers more pro-inflammatory mediator production (Tarantino, Savastano, 

& Colao, 2010). 

 

1.3.4 Low-grade chronic inflammation and cardiovascular diseases 

Low-grade chronic inflammation contributes to the development of atherosclerosis, 

which will further result in cardiovascular diseases, such as stroke or myocardial 

infarction. Under the low-grade chronic condition, pro-inflammatory mediator IL-1β and 

TNF-α induce the expression of vascular cell adhesion molecule-1 (VCAM-1) via NF-κB 

signaling pathway, leads to monocyte attachment to the arterial wall (Libby, 2006). 

Increased MCP-1 level promotes the monocytes to penetrate the endothelial lining and 

enter the intima of the vessel wall to recruit and accumulate more monocytes. Within the 

intima, monocytes transform into macrophages, engulf the lipid and form foam cells. 

Low-grade chronic inflammation induces the macrophages to release more 

pro-inflammatory mediators, therefore, amplify the inflammatory signals (Jongstra-Bilen 

et al., 2006). The initial lesion of atherosclerosis, the fatty streak, is formed via these 

processes.  

Due to persistent low-grade chronic inflammation, the fatty streak progresses to a 
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complex plaque. In the arterial wall, low-grade chronic inflammation can also interfere 

with the integrity of collagen by blocking the formation of new collagen fibers and 

triggering disruption of existing collagen (Libby, 2006). IL-1 and CD40, the 

pro-inflammatory cytokines, promote the secretion of collagen-degrading enzymes. As a 

result, the formation of stable fibrous caps is inhibited, collagen in the cap is attacked, 

and the thrombus formation is initiated (Hansson, 2005). Rupture of plaque can 

compromise the artery or even block it completely. As a result, myocardial infarction 

occurs due to blocked blood flow.  

 

1.4 LPS-mediated low-grade chronic inflammation 

Lipopolysaccharide (LPS), known as endotoxin, can induce systemic low-grade 

chronic inflammation in animal models. LPS is found in the outer membrane of 

gram-negative bacteria, such as E. coli, and it is essential for bacterial survival. Since E. 

coli is a one of the major gut commensal, the human gut contains many grams of E.coli 

LPS (Erridge, Bennett-Guerrero, & Poxton, 2002). Under the healthy conditions, there is 

limited diffusion of LPS into the host system causing no harm. However, due to intestinal 

inflammation, LPS can invade into the intestinal tissue to trigger the innate immune 

response. Persistent releasing of large amounts of LPS into the host system will further 

result in the systemic low-grade chronic inflammatory response. In this study, E.coli LPS 

was administered exogenously, acting as a persistent inducer to induce low-grade chronic 

inflammation in the mice model. The LPS molecule consists of three parts: a distal 
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polysaccharide (O-antigen polysaccharide repeats), a non-repeating core of polysaccharide, 

and lipid A (Figure 8) (Bein, Zilbershtein, Golosovsky, Davidov, & Schwartz, 2017; Wang 

& Quinn, 2010). Lipid A is the toxic bioactive component that is responsible for the 

activation of the innate immune system. 

 

 

Figure 9. LPS structure. O-antigen polysaccharide repeats, core polysaccharides, and lipid 

A consists the structure of LPS. Picture is from (Erridge et al., 2002). 

 

LPS binding protein (LBP), a soluble shuttle protein, directly binds to LPS and 

facilitates the transfer of LPS to the cluster of differentiation 14 (CD14) (Lu, Yeh, & 

Ohashi, 2008). CD14 then moves LPS to TLR4, a receptor expressed on the surface of a 

variety of immune cells, such as macrophages, neutrophils, DCs, binds with the assistance 

of myeloid differentiation-2 (MD-2) for modulating LPS recognition (Lu et al., 2008). 

TLR4 then recruits its Toll-interleukin receptor (TIR) domain-containing adaptor proteins, 

i.e. myeloid differentiation primary response gene 88 (MyD88) and TIR 
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domain-containing adaptor protein (TIRAP, also known as MyD88-adapter-like) within 

the cytoplasm to propagate the signal (Lu et al., 2008; Wang & Quinn, 2010). TIRAP 

works for bridging TLR and MyD88 together. These adaptor proteins amplify the signal by 

activating protein kinases that then phosphorylate the inhibitor protein nuclear factor of 

kappa light polypeptide gene enhancer in B-cells inhibitor (IκB). This phosphorylation 

leads to the degradation of IκB and translocation of NF-κB into the cell nucleus to regulate 

the expression of pro-inflammatory cytokines and gene transcription of TJ proteins. LPS 

down-regulates the expression of occludin and ZO-1, which causes alterations in the 

arrangement of the TJ proteins, a significant increase in intestinal permeability and damage 

in the epithelial barrier (Bein et al., 2017). The activation of the TLR4 pathway elicits 

pro-inflammatory cytokine and chemokine release, such as TNF- α, IL-1 and IL-6, and 

prolonged high doses lead to low-grade chronic inflammation (Mantovani et al., 2004). 

Moreover, LPS can initiate inflammation directly by increasing the phosphorylation of 

IκB/NF-κB complex resulting in elevated expression of pro-inflammatory cytokines 

(Temiz-Resitoglu et al., 2017). 
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Figure 10. LPS/TLR4 signaling pathway. LPS binding protein (LBP) directly binds to 

LPS and the LBP/LPS complex is transferred to the toll-like receptor 4 (TLR4) by the 

cluster of differentiation 14 (CD14). With the help of myeloid differentiation 2 (MD2), 

TLR4 is activated for LPS recognition and this complex recruits the toll-like receptor 

associated adapter protein (TIRAP) as a bridge between TLR4 and myeloid 

differentiation primary response gene 88 (MyD88). The signal propagates through these 

adaptor proteins and phosphorylates the inhibitor protein nuclear factor of kappa light 

polypeptide gene enhancer in B-cells inhibitor (IκB). Translocation of NF-κB to the 

nucleus initiates production of pro-inflammatory mediators and alteration of tight 

junction protein gene expressions. 
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1.5 Anti-inflammatory activity of food bioactive compounds 

Since low-grade chronic inflammation barely shows any signs and symptoms, it is 

hard for the host to notice and take treatments. Therefore, untreated low-grade chronic 

inflammation will worsen the situation and it will eventually lead to metabolic disorders. 

Due to high cost and mortality rate of metabolic disorders, researchers start to focus on 

using food-derived bioactive compounds with anti-inflammatory activities as potential 

intervention methods to prevent inflammation. It is better and easy to prevent the 

inflammation from the root than treat the existing diseases. Moreover, food-derived 

bioactive compounds seem to have less adverse side-effects and complications and are 

much cheaper than pharmacological treatments. 

 The popular food-derived bioactive compounds are vitamins, polyunsaturated fatty 

acids (PUFA), peptides, amino acids, probiotics, and prebiotics (Table 1). The 

anti-inflammatory activities of the bioactive compounds include decreasing expression 

and secretion of pro-inflammatory mediators, suppressing NF-κB activity, ameliorating 

inflammatory cell infiltration, and increasing expression and secretion of 

anti-inflammatory mediators. 
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Table 1. Food-derived bioactive compounds and their anti-inflammatory functions 

 

Categories of 

Food 

Bioactive 

Compounds 

Specific kind Sources Anti-inflammatory 

functions 

References 

 

 

 

 

 

 

 

 

 

 

 

 

Vitamin 

Vitamin D Liver 

Milk 

Cheese 

1. Inhibited NF-κB pathway 

2. Maintained intestinal 

barrier function 

 

(Cannell, 

Grant, & 

Holick, 2014; 

Michielan & 

D’Incà, 2015) 

Vitamin E Fish oil 

Corn oil 

1. Decreased the release of 

pro-inflammatory mediators 

and C-reactive protein 

2. Improved epithelial 

function 

 

(Singh, 

Devaraj, & 

Jialal, 2005) 

Vitamin K Green leafy 

vegetables 

1. Suppressed the 

inflammation induced by 

LPS 

2. Reduced the expression of 

IL-6 mRNA 

 

(Ohsaki et al., 

2006) 

Vitamin A Liver 

Carrot 

1. Inhibited the translocation 

of NF-κB 

2. Interrupted the secretion 

of pro-inflammatory 

cytokines 

3. Ameliorated of 

inflammatory cell infiltration 

 

(Reifen et al., 

2002; Wall, 

Ross, 

Fitzgerald, & 

Stanton, 2010) 

 

 

 

PUFA 

Eicosapentaenoic 

acid (EPA) 

 

Fatty fish 

Fish oil 

1. Suppressed the production 

of pro-inflammatory 

mediators 

2. Alleviated inflammatory 

processes that already exists 

3. Reduced neutrophil 

infiltration 

4. Blocked the activity of 

NF-κB 

(Wall et al., 

2010; Zúñiga 

et al., 2011) 

 Docosahexaenoic 

acid (DHA) 
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Peptide 

Ile-Pro-Pro 

Val-Pro-Pro 

Sour milk 

Cheese 

1. Suppressed the expression 

of NF-κB 

 

(Chakrabarti, 

Liao, Davidge, 

& Wu, 2017) 

γ-L-glutamyl-L-vali

ne (γ-EV) 

 

 

Beans 

Onion 

1. Inhibited 

pro-inflammatory mediator 

secretion, including TNF-α, 

IL-6, IL-1β, IL-17, INF- γ 

2. Reduced IL-8 secretion 

3. Increased expression of 

the anti-inflammatory 

mediator IL-10 in colon 

4. Inhibited phosphorylation 

of JNK and IκB 

 

(Chee, 

Majumder, & 

Mine, 2017; 

Zhang, 

Kovacs-Nolan, 

Kodera, Eto, 

& Mine, 2015) 

 

γ-glutamyl cysteine 

(γ -EC) 

Tripeptide 

Val-Pro-Tyr (VPY) 

Soy 1. Inhibited the secretion of 

IL-8 and TNF-α 

2. Decreased gene 

expression of the 

pro-inflammatory cytokines: 

TNF-α, IL-6, IL-1β, IFN- γ 

and IL-17 

 

(Kovacs-Nola

n et al., 2012) 

Poly-L-lysine Synthesized by 

Streptomyces 

albulus during 

fermentation 

 

1. Reduced IL-8 secretion 

2. Reduced the gene 

expression of 

pro-inflammatory cytokines: 

TNF-α, IL-6, IL-17, and 

IL-1β 

(Mine & 

Zhang, 2015a) 

Tripeptide 

Ile-Arg-Trp (IRW) 

Egg 1. Reduced the expression of 

MCP-1 

2. Inhibited the nuclear 

translation of NF-κB subunit 

p65 and p50 

3. Inhibited TNF-α induced 

activation of NF-κB 

 

(Huang et al., 

2010) 

(Majumder, 

Chakrabarti, 

Davidge, & 

Wu, 2013) 

 

Trp-His Sardine muscle 

hydrolysate 

1. Inhibited IL-8 secretion in 

TNF- α 

2. Reduced phosphorylation 

of IκB 

(Kobayashi, 

Kovacs-Nolan, 

Matsui, & 

Mine, 2015) 
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Glycomacropeptide 

(GMP) 

Milk 1 Inhibited the activation of 

immune cells 

 

(Daddaoua et 

al., 2005) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Amino Acid 

Glutamine Meat 

Egg 

 

1. Protective effect on 

maintenance of mucosal 

barrier integrity 

2. Inhibited immune 

response by regulating 

NF-κB activation 

 

(Beutheu, 

Ghouzali, 

Galas, 

Déchelotte, & 

Coëffier, 

2013) 

(Fillmann et 

al., 2007) 

 

Taurine chloramine Fish 1. Inhibited the 

TNFα-initiated NF-κB 

activation 

2. Inhibited production of 

pro-inflammatory cytokines 

 

(Kanayama, 

Inoue, 

Sugita-Konishi

, Shimizu, & 

Miyamoto, 

2002) 

L-arginine Meat 

Seeds 

Egg 

 

1. Lowered NF-κB levels 

and activity 

2. Decreased production of 

pro-inflammatory cytokines: 

IL-1, IL-6, and TNFα 

 

(Hnia et al., 

2008) 

 

L-tryptophan 

(L-Trp) 

 

Egg 

Bean 

1. Reduced TNF-α induced 

IL-8 production  

2. Reduced phosphorylation 

of JNK and IκB 

 

(Mine & 

Zhang, 2015b) 

 L-cystein Egg  1. Enhanced mucin synthesis 

2. Reduced production of 

pro-inflammatory mediator 

 

(Zhang, Hu, 

Kovacs-Nolan, 

& Mine, 2015) 

 

 

 

 

 

 

 

Lactobacillus casei 

DN-114 001 

Yogurt 1. Down-regulated the gene 

transcription of 

pro-inflammatory mediators 

2. Inhibited NF-κB pathway 

by stabilizing IκB 

 

(Tien et al., 

2006) 

Lactobacillus Fermented food 1. Increased level of (Ren et al., 
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Probiotic 

plantarum T4 & T8 anti-inflammatory factor 

IL-4 

2. Promoted the secretion of 

sIgA 

 

2017) 

 

Bifidobacterium 

animalis MB5 

Lactobacillus 

rhamnosus GG 

Yogurt 1. Inhibited neutrophil 

transmigration 

2. Prevented increased 

expression of IL-1β and 

TNFα 

3. Decreased expression of 

transforming growth factor-α 

 

(Roselli, 

Finamore, 

Britti, & 

Mengheri, 

2006) 

Bifidobacterium 

animalis subsp. 

lactis DN-173 010 

Streptococcus 

thermophilus 

Lactobacillus 

delbrueckii subsp. 

bulgaricus 

Lactococcus lactis 

subsp. cremoris 

Fermented milk 1. Decreased IL-6 level 

2. Increased IL-10 level 

3. Increased 

lactate-consuming and 

butyrate-producing bacteria 

in the gut 

4. Increased select cecal 

SCFA 

(Veiga et al., 

2010) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Prebiotic 

Xylo-oligosaccharid

e with Inulin 

Wheat 1. Decreased plasma LPS 

level 

2. Restored 

anti-inflammatory factor 

IL-13 

3. Decreased gene 

expression of 

pro-inflammatory factor 

IL-1β 

 

(Lecerf et al., 

2012) 

 

Fructo-oligosacchari

de 

Bean 1. Lowered secretion of 

pro-inflammatory mediators: 

IFN-γ, IL-17, and TNF-α 

2. Increased colonic 

expression of occluding 

 

(Capitán-Caña

das et al., 

2016) 

Dextrin Corn 

Tapioca 

1 Lessened colonic 

pro-inflammatory mediators: 

(Valcheva et 

al., 2015) 
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IL-1β, TNF-α, IL-23, IL-6, 

and chemokine ligand 1 

 

Inulin Chicory root 1. Altered the intestinal 

mucosa by higher villi, 

deeper crypts, increased 

number of goblet cells, and 

thicker mucus layer 

2. Stimulated the growth of 

bifidobacteria and 

lactobacilli in the gut 

 

(Guarner, 

2007) 

 

1.6 Anti-inflammatory activity of polyphenols 

In the Western diet, it is recommended to intake 5 servings of fruits and vegetables 

per day, mainly because the polyphenols have the potential long-term health benefits in 

reducing the risk of chronic diseases (Quideau, Deffieux, Douat-Casassus, & Pouysegu, 

2011). Plant extract, spices, and herbs riches in the bioactive natural compounds have 

been used in Chinese traditional medicine for thousands of years. A huge increase in the 

number of scientific publications on “polyphenols” has appeared over the last 30 years 

and diverse plant-derived foods and beverages, such as tea, red wine, coffee, have been 

reported benefits in human health (Quideau et al., 2011). 

The major classes of polyphenols are phenolic acids and flavonoids, which account 

for approximately one-third or two-thirds, respectively (Tapiero, Tew, Ba, & Mathe, 

2002). Flavonoids are plant secondary metabolites that are widely present in human diets 

(Pan, Lai, & Ho, 2010). Flavonoids represent a subgroup of chemically related 
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polyphenols with a C6-C3-C6 backbone structure, classified as flavones, flavanones, 

flavonols, flavanonols, isoflavones, flavanols, and anthocyanidins (Tapiero et al., 2002). 

Phenolic acids are easily absorbed via gut barrier, whereas large molecular weight 

polyphenols are poorly absorbed. Polyphenols are conjugated to glucuronide, sulphate, 

and methyl groups in the gut mucosa and inner tissues once absorbed (Scalbert, Morand, 

Manach, & Rémésy, 2002). When the polyphenols reach the colon, they are metabolized 

by the colonic microflora to more simple compounds, such as phenolic acids. Metabolites 

formed in the tissues significantly contribute to the health beneficial effects.  

Plant polyphenols process anti-inflammatory effects (Table 2). An in vivo study 

indicated that polyphenol-rich cranberry extract administration could alleviate intestinal 

inflammation by completely suppressing NF-κB activation and reducing the amount of 

TNF-α in mice intestine (Anhê et al., 2015). Pomegranate peel extract used in another in 

vivo study showed down-regulated IL-1β and IL-6 in mice colon and visceral adipose 

tissue (Neyrinck et al., 2013). Experiments on Caco-2 cells reported that sugar cane, oak, 

and pomegranate polyphenolic extracts significantly suppressed the NF-κB activation 

mediated by IL-1β, and the ellagic acid present in oak and pomegranate extracts reduced 

IκB phosphorylation (Romier-Crouzet et al., 2009).  
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Table 2. Polyphenols and their anti-inflammatory functions 

 

Polyphenol Sources Anti-inflammatory 

functions 

References 

 

Carotenoids 

(lycopene, β 

-carotene and lutein) 

and the phenolic 

carnosic acid 

 

Tomato 

dark-green 

leafy 

vegetables 

1. Inhibited the release of 

inflammatory mediators 

2. Inhibited NF-kB 

activation 

 

(Hadad & Levy, 

2012) 

Capsaicin Hot pepper 1. Inhibited NF-kB 

activation  

2. Inhibition of 

pro-inflammatory mediator: 

prostaglandin E2 

 

(C.-S. Kim et al., 

2003) 

Avenanthramides Oat 1. Inhibited the degradation 

of IκB 

2. Decreased 

phosphorylation of p65 

subunit of NF-κB  

3. Inhibited TNF- α and 

IL-8 release 

 

(Sur, Nigam, 

Grote, Liebel, & 

Southall, 2008) 

β -carotene Carrot 

Mango 

1. Inhibited the production 

of pro-inflammatory 

mediators 

2. Suppressed NF-κB 

activation by blocking its 

p65 subunit 

 

(Bai et al., 2005) 

Curcumin Spice turmeric 1. Reduced macrophage 

infiltration of white adipose 

tissue 

2. Increased adiponection 

production in adipose tissue 

3. Decreased hepatic 

NF-κB activity and 

pro-inflammatory mediator 

production 

 

(Weisberg, 

Leibel, & 

Tortoriello, 

2008) 

(Aggarwal, 

2010) 
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Resveratrol Wine 

Grapes 

1.Down-regulated the 

pro-inflammatory 

biomarkers including IL-1β 

and TNF-α 

2. Increased in IkBα level 

 

(X.-m. Li et al., 

2014) 

Meso-Zeaxanthin Carrot 1. Reduced production of 

NO, C-reactive protein, and 

pro-inflammatory 

mediators: TNF-a, IL-1 β, 

IL-6 

 

(Firdous, Kuttan, 

& Kuttan, 2015) 

Quercetin Apple  

Blueberry 

Onion 

 

1. Quenched IL-1β-induced 

CRP expression 

2. Down-regulated NF-kB 

pathway by inhibiting 

IkB-α phosphorylation 

3. Inhibited macrophage 

proliferation and activation 

 

(Kleemann et al., 

2011) 

(Comalada et al., 

2005) 

 

Procyanidin Grape seed 1. Reduced IL-6 and 

MCP-1 expression 

2. Partially inhibited NF-kB 

translocation to the nucleus 

3. Enhanced production of 

adiponectin 

 

(Chacón et al., 

2009) 

(+)-afzelechin 5-O- β 

-D-glucopyranoside 

Fruit peels of 

Wisteria 

floribunda 

1. Inhibited TNF-α induced 

NF-kB activation 

 

(Tai et al., 2011) 

Arbutin Bearberry 1. Reduced generation of 

pro-inflammatory 

mediators, TNF-α, MCP-1, 

IL-6, IL-1β 

2. Inhibited nuclear 

translocation and 

transcriptional activity of 

NF-kB 

 

(Lee & Kim, 

2012) 

Catechins 

(Epigallocatechin 

Green tea 1. Inhibited TNF-α-induced 

activation of NF-kB 

(Kürbitz et al., 

2011) 
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gallate (EGCG), 

catechin gallate (CG) 

and epicatechin 

gallate (ECG)) 

2. Inhibited the production 

of pro-inflammatory 

mediators: NO, 

prostaglandin, IL-8 

 

(Zhong, Chiou, 

Pan, & Shahidi, 

2012) 

 

Theaflavin Black tea 1. Inhibited 

TNF-α-mediated IL-8 gene 

expression and IkB kinase 

activation 

 

(Aneja, Odoms, 

Denenberg, & 

Wong, 2004) 

Apigenin Parsley  

Celery 

1. Inhibited LPS-induced 

pro-inflammatory cytokines 

expression by inactivating 

NF-kB through the 

suppression of p65 

phosphorylation 

 

(Pan et al., 2010) 

Luteolin Thyme  

Cabbage 

Cauliflower  

1. Inhibited 

pro-inflammatory 

substances by suppressing 

NF-kB pathway. 

2. Reduced increased 

vascular permeability in 

animal models of 

inflammation 

 

(Seelinger, 

Merfort, & 

Schempp, 2008) 

 

1.7 Rubus suavissimus S. Lee 

Rubus suavissimus S. Lee is a perennial shrub widely grown in southwestern China, 

especially flourishes in the Guangxi Zhuang Autonomous Region (Yonekura et al., 2011). 

The residents use Rubus suavissimus S. Lee leaf as a beverage leaf tea, natural sweetener, 

and herbal medicine. Rubus suavissimus S. Lee leaf is also called Chinese sweet tea, or 

“Tian-cha”, due to its sweet taste. The sweet principle, which is over 100 times sweeter 

than sucrose, is attributed to the presence of diterpene glucosides called rubusoside and 
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steviol monoside (H. Li, Tanaka, Zhang, Yang, & Kouno, 2007; Z. Liu et al., 2006). As a 

folk herbal medicine, Rubus suavissimus S. Lee leaf is used to “nourish the kidneys”, 

lower blood pressure, and alleviate diabetic symptoms (Huang & Jiang, 2002). The leaf 

has also been used as an herbal ingredient in decoctions to “clear internal heat”, to 

“relieve stress on the lungs”, to reduce phlegm secretion, and to stop coughs (Deng, 

1997). The dominant chemical constituents of Rubus suavissimus S. Lee leaf are 

gallotannins (gallic acid), ellagitannins (ellagic acid), flavonoids (rutin), diterpenes 

(rubusoside and steviol monoside) (Chou et al., 2009; Koh, Chou, & Liu, 2009). These 

bioactive compounds play essential roles in pharmaceutical and biological properties. For 

instance, gallic acid has potent anti-angiogenic and R-glucosidase inhibitory activities 

(Koh, Chou, & Liu, 2009). Ellagic acid and rutin both have antioxidant and 

anti-inflammatory properties. In addition, ellagic acid has anticancer and R-amylase 

inhibitory activities (Koh, Chou, & Liu, 2009).  

Rubus suavissimus S. Lee leaf extract has been indicated the ability to inhibit 

cytokine-induced excessive inflammation by reducing peritoneal macrophages production 

of TNF-α (Yonekura et al., 2011). Liu et al. (D. Liu, Gao, Zhang, Ye, & Liu, 2005) 

reported that Rubus suavissimus S. Lee leaf extract inhibits activities of NF-кB and 

improves glucose metabolism. Orally administered Rubus suavissimus S. Lee leaf extract 

has shown a significant 22% overall body weight reduction and a 48% reduction in 

abdominal fat accumulation in obese animals (Koh et al., 2010). Gallic acid has shown its 

ability in suppressing oxidative stress, hepatosteatosis, and dyslipidemia to decrease 
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weight gain of high-fat-diet-induced obese rats (Koh et al., 2010). Rubus suavissimus S. 

Lee leaf extract enhances early adipogenesis by increasing the expression of leptin and 

adiponectin and mRNA expression of adipogenic transcription factors (Ezure & Amano, 

2011). Takahashi et al. (Takahashi et al., 2016) reported that Rubus suavissimus S. Lee 

leaf extract can protect the mice from NAFLD without extra weight gain.  

Considering all these protective benefits, Rubus suavissimus S. Lee leaf extract is 

considered as a potential candidate for preventing low-grade chronic inflammation and 

inflammation-induced early stage of metabolic disorders.  

 

2 Hypothesis and Objective 

2.1 Hypothesis 

The main hypothesis of this study is that supplementation of Rubus suavissimus S. Lee 

leaf extract can exhibit the anti-inflammatory effect in the mice with LPS-induced 

low-grade chronic inflammation.  

 

2.2 Objective 

Objective 1: To determine if Rubus suavissimus S. Lee leaf extract has anti-inflammatory 

activity in an LPS-induced mouse model of low-grade inflammation.  

Objective 2: To identify the anti-inflammatory mechanisms of Rubus suavissimus S. Lee 

leaf extract. 
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Objective 3: To evaluate Rubus suavissimus S. Lee leaf extract’s ability in preventing 

low-grade chronic inflammation induced early stage of metabolic disorders. 

 

3 Materials and Methods 

3.1 Materials and reagents 

Rubus suavissimus S. Lee leaf extract powder was purchased from Marugen 

Pharmacy (Okayama, Japan). This hot water extract contains 30.1% polyphenol and 7.0% 

Galloyl-Oxygen-Diphenyl (GOD) type polyphenol. At 280 nm, HPLC analysis showed 

that the chemical composition of Rubus suavissimus S. Lee leaf extract included gallic 

acid (1659.0±142.5 mg/100g), ellagic acid (4622.7±142.0 mg/100g), and rubusoside 

(333.0±67.7 mg/100g) (Figure 11). Low-grade chronic inflammation was induced by 

lipopolysaccharide (LPS), isolated from Escherichia coli (E. coli) 0111: B4 (Sigma, 

Oakville, Canada). TNF-α, MCP-1, IL-6, and adiponectin were measured using 

Ready-SET-Go! ELISA kits by following each supplier’s instruction (eBioscience, 

Affymetrix, Inc. San Diego, CA). Plasma insulin was measured by Ultra Sensitive Mouse 

Insulin ELISA kit (Crystal Chem, Elk Grove Village, IL). Plasma D-mannitol 

concentration was measured by D-Mannitol Assay Kit (Colorimetric) (Abcam Inc. 

Toronto, Canada). Plasma endotoxin concentration was measured by Pierce LAL 

Chromogenic Endotoxin Quantitation Kit (Thermo Scientific, Whitby, Canada). Plasma 

ALT and AST were measured by Alanine Transaminase (ALT) Activity Assay Kit and 

Aspartate Aminotransferase (AST) Activity Assay Kit (Abcam Inc.).  
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A  

 

Figure 11. HPLC chromatographic fingerprint of Rubus suavissimus S. Lee leaf extract at 

280 nm. The extract composed of gallic acid (GA), ellagic acid (EGA), and rubusoside 

(RUB). Relative compositions are represented as means ± SEM. The Rubus suavissimus 

S. Lee leaf extract was dissolved in 70% methanol (v/v) and heated at 85 °C for 2 hours. 

After filteration through a 0.2 μm polytetrafluoroethylene membrane filter (VWR, 

Mississauga, ON, Canada), the sample was subjected to HPLC analysis. HPLC analysis 

was carried out on an Agilent 100 series HPLC system consisting of an auto sampler, a 

degasser, a quaternary pump, and a diode array detector. Agilent ChemStation software 

was used for data analyzing. Compounds were separated on a Phenomenex Luna 

phenyl-hexyl column (5 μm, 250×4.6 mm). A binary mobile phase consisting of 5% 

formic acid in water (v/v) (solvent A) and 95% methanol mixed with 5 % acetonitrile (v/v) 

(solvent B) was used. Peaks of phenolic compounds were monitored at 280 nm. 

 

MinuteTM Total Protein Extraction kit for Adipose Tissue (Invent, Plymouth, MN) was 

used for white adipose protein extraction. The following antibodies were used for Western 

blot (WB) experiments of white adipose tissue homogenate: PPAR-γ antibody (Santa 

Cruz Biotechnology, Mississauga, Canada), IRS-1 antibody (Santa Cruz Biotechnology), 

β-actin rabbit mAb (Cell Signaling, Dancers, MA), HRP conjugated anti-rabbit IgG 

min5 10 15 20 25 30 35 40 45

mAU

0

200

400

600

800

1000

1200

 1
7

.1
3

1

 2
4

.9
3

3

 4
2

.8
7

9

GA 

(1659.0±142.5 mg/100g) 

EGA 

(4622.7±142.0 mg/100g) 

RUB 

(333.0±67.7 mg/100g) 

 

min 

mAU 



 
 

39 
 

(Promega, Madison, WI). Protein detection of WB experiments was used by 

Amersham
TM 

ECL Prime Western Blotting Detection Reagent (GE Healthcare, 

Mississauga, Canada).  

Aurum total RNA Mini Kit (Bio-Rad, Mississauga, Canada) was used for total RNA 

extraction and Maxima H Minus First Strand cDNA Synthesis Kit (Thermo Scientific) 

was used for cDNA synthesis. Maxima SYBR Green/Fluorescein qPCR Master Mix (2x) 

(Thermo Scientific) was used in real-time reverse transcription polymerase chain reaction 

polymerase chain reaction (RT-PCR) experiments. 

 

3.2 Animal study 

3.2.1 Animals 

The animal study was approved by the University of Guelph Animal Care Committee 

and followed in accordance with the Canadian Council on Animal Care Guide to the Care 

and Use of Experimental Animals. The Animal Utilization Protocol (AUP) number for 

the animal study is AUP3502. All mice were housed in the Central Animal Facility (CAF) 

at the University of Guelph (Guelph, ON) during the animal trial. Forty-four female 

C57BL/6J mice (15-16 weeks, 18-22 g; Charles River Laboratories, Montreal, QC) were 

housed at 22-25 ℃, 55%+/-15% humidity and 12h light/dark cycle with unrestrained 

access of standard mouse chow and water. 
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3.2.2 Experimental design 

Rubus suavissimus S. Lee leaf extract was added at 0.5% (w/v) (Medium dose), or 

1% (w/v) (High dose) to autoclaved water. Forty-four mice were randomly divided into 

five intervention groups, including negative control (NC, n=8) group; positive control 

(PC, n=8) group; Rubus suavissimus S. Lee leaf extract intervention group; medium-dose 

(TM, n=12) and high-dose (TH, n=12); and vehicle control (TC, n=4) group. Four mice 

were kept in one cage.  

The entire animal trial lasted 16 weeks (Figure 12). All the mice received Teklad 

Global 14% protein rodent maintenance diet (Envigo, Huntingdon, UK) for the entire 

trial. Mice in NC group received autoclaved water and mice in TC group received 1% 

Rubus suavissimus S. Lee leaf extract in autoclaved water from week 1 to week 16. Mice 

in PC, TM and TH groups received autoclaved water from week 1 to 4, which is the 

pre-treatment period. For the intervention period, i.e. week 5 to week 16, 300μg/kg body 

weight (BW)/day of LPS was added in drinking water for PC, TM, and TH group to 

induce gut inflammation.  

Each mouse consumes 1.5 mL/ 10 g BW/ day drinking water. In TC and TH groups, 

approximately 3 mL 1% Rubus suavissimus S. Lee leaf extract (1 g extract in 100 mL 

autoclaved water, 30 mg extract) in autoclaved water was consumed per mouse per day. 

As the crude extract contained 37.1% total polyphenol content, the mouse from TC and 

TH groups had 11.13 mg polyphenols per day, whereas the mouse from TM groups had 

5.57 mg polyphenols per day.  
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Water was changed twice per week to prevent bacterial growth for the entire trial and 

water consumption was recorded each time before water changes. Food consumption was 

recorded at the fourth week of the intervention period (week 8) to monitor whether the 

mice consumed more under LPS administration. Body weight was recorded in the first 

week and every two weeks after intervention period commenced. Feces were collected 

once per month. 

 

 Pre-treatment Intervention 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

NC Autoclaved water 

PC Autoclaved water LPS in autoclaved water  

TC 1% Rubus suavissimus S. Lee leaf extract in autoclaved water 

TM 0.5% Rubus suavissimus S. 

Lee leaf extract in 

autoclaved water 

LPS & 0.5% Rubus suavissimus S. Lee leaf extract in 

autoclaved water 

TH 1% Rubus suavissimus S. 

Lee leaf extract in 

autoclaved water 

LPS & 1% Rubus suavissimus S. Lee leaf extract in 

autoclaved water 

 

Figure 12. Experimental design. Mice in NC group received autoclaved water and mice in 

TC group received 1% Rubus suavissimus S. Lee leaf extract in autoclaved water for 16 

weeks. For the pre-treatment period, mice in TM and TH group received 0.5% or 1% 

Rubus suavissimus S. Lee leaf extract in autoclaved water respectively for 4 weeks.  

For the post-treatment period, mice in PC, TM, and TH group received LPS (300μg/kg 

BW/day) in autoclaved water, with 0.5% Rubus suavissimus S. Lee leaf extract in 

autoclaved water, or with 1% Rubus suavissimus S. Lee leaf extract in autoclaved water 

respectively to induce gut inflammation. 
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3.2.3 Glucose tolerance test 

The mice were marked as 1, 2, 3, 4 within each cage and two mice (mouse 1 & 2) 

were selected to do glucose tolerance test before sacrificing (Total 20 mice,4 PC, 4 NC, 6 

TM, 6 TH). Mice fasted 6 hours in advance. The tip of mouse tail was cut, and a drop of 

blood was collected by using a glucose meter (ONETOUCH Ultra, Burnaby, Canada). 

After measuring of initial glucose levels, each mouse was orally administered a 150μL 

solution of 2 g/kg BW glucose (Sigma) in autoclaved water by gavaging. Then glucose 

levels at 15, 30, 60 and 120 minutes were measured using the same procedure. After 

glucose tolerance test, the mice were euthanized by CO2 asphyxiation. Collected data 

were used to determine the onset of glucose tolerance by statistical analysis. The area 

under the curve (AUC) was calculated by dividing the area into a series of trapezoids and 

the sum of areas of these trapezoids is total AUC. The area of each trapezoid is equal to 

0.5*(y1+y2) *(x2-x1), where y stands for glucose concentration, x stands for time 

(Myerson, Green, & Warusawitharana, 2001). 

 

3.2.4 D-mannitol test 

Four mice were kept in one cage and two mice (mouse 3 & 4) per cage were selected 

for D-mannitol test (Total 20 mice). Mice fasted 6 hours in advance. Before sacrifice, each 

mouse was orally administered a 150 μL solution of 0.6 g/kg BW D-mannitol (Sigma) in 

the autoclaved water by gavaging. After two hours, the mice were euthanized by CO2 

asphyxiation. Blood was collected immediately right after, and plasma was separated by 
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centrifuge (2500x g, 4 °C for 20 minutes). Plasma was used to determine the 

concentration of D-mannitol, an indicator of intestinal permeability, by ELISA. 

 

3.2.5 Plasma collection 

Blood was collected by cardiac puncture immediately after euthanizing and stored in 

EDTA-coated tubes temporally. After centrifuging (2500x g, 4 °C for 20 minutes), 

plasma was aspirated into a 1.5 mL screw-cap microtube (Sarstedt, Nümbrecht, 

Germany). Plasma samples of two mice in the same cage were then pooled together, i.e. 

plasma of mice 1 and mice 2 (underdid glucose tolerance test) was pooled together, 

plasma of mice 3 and mice 4 (underdid D-mannitol test) was pooled together. Plasma 

samples were frozen in the liquid nitrogen and stored at -80 °C for future analysis by 

ELISA.  

 

3.2.6 Tissue collection 

Abdominal white adipose tissues were collected and stored separately into two parts. 

One part (only small amount) was stored in the 2.0 mL screw-cap microtube (Sarstedt) 

with 10% formalin for future immune-histochemical analysis, and the remaining part was 

frozen in liquid nitrogen and stored at -80 °C for western blot analysis. The jejunum was 

frozen in liquid nitrogen and stored at -80 °C for real-time RT-PCR analysis. Liver, 

kidney, heart, leg muscle, and brown adipose tissue was also frozen in liquid nitrogen and 

stored at -80 °C for recording the tissue weights. 
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3.3 Enzyme-linked immunosorbent assay 

TNF-α, MCP-1, IL-6, and adiponectin plasma concentrations were measured by 

ELISA kits (eBioscience) according to the protocols. The kits provided 10X coating 

buffer and 5X assay buffer and they were diluted to 1X to be used. Ninety-six-well 

ELISA plates (Corning, Corning, NY) were coated overnight with 100μL per well of 

capture antibody diluted in 1X coating buffer (eBioscience) at 4 °C. Wells were washed 4 

times with phosphate-buffered saline (PBS)-0.05% Tween 20 (PBST) using the BioTek 

microplate washer (BioTek, Winooski, VT) and in between each subsequent step. Wells 

were then incubated with 200 μL 1X assay diluent (eBioscience) at 37 °C for 1 hour on 

an orbital shaker for blocking. Standards were diluted based on each specific ELISA 

assay’s protocol (Standard range: TNF-α 15.625-1000 pg/mL, MCP-1 15.625-1000 

pg/mL, IL-6 15.625-1000 pg/mL, adiponectin 31.25-2000.00 pg/mL). After washing, the 

standards and plasma sample (100 μL) was then added to the wells and incubated at 

37 °C for 2 hours with shaking. Wells were washed and then 100 μL per well detection 

antibody diluted in 1X ELISA diluent was added and incubated at 37 °C for 1 hour with 

shaking. After washing, 100 μL avidin horseradish peroxidase (Avidin-HRP) diluted in 

1X assay diluent was added to each well and incubated at 37 °C for 30 minutes with 

shaking. Wells were washed and 100μL per well substrate solution 3,3′,5,5′- 

tetramethylbenzidine (TMB) was added. The ELISA plate was immediately wrapped in 

aluminum foil and incubated at 37 °C for 15 minutes with shaking. Colour development 
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was checked frequently and the TMB reaction was terminated by adding 50 μL 2N 

sulphuric acid (H2SO4) to wells.  

The absorbance of the standard and plasma samples was read by a microplate reader 

(iMark model 550, Bio-Rad) at 450 nm. Each standard and plasma sample were 

duplicated using two wells per standard and sample. The standards’ absorbance readings 

were averaged and normalized to generate a standard curve for the calculation of sample 

concentration. Cytokine concentrations were expressed as picogram cytokine per 

millilitre plasma (pg cytokine/mL plasma) or nanogram cytokine per millilitre plasma (ng 

cytokine/mL plasma). 

 

3.4 Protein extraction 

Protein was extracted from white adipose tissue by using MinuteTM Total Protein 

Extraction kit for Adipose Tissue (Invent). Extraction buffer (Buffer A), 10X denaturing 

buffer (Buffer B), 1.5 mL microfuge tube, protein extraction powder, pestles, and filter 

cartridges with collection tubes were provided by the kit.  

Extraction buffer and filter cartridges in collection tubes were pre-chilled on ice. 

Approximately 200 mg white adipose tissue was weighted and squeezed in between layers 

of paper towel to remove a portion of oil from the tissue. Then white adipose tissue was 

placed in the bottom of a 1.5 mL microfuge tube, 100 mg protein extraction powder was 

added on top of the tissue, and 50 μL extraction buffer was added to the tube. White 

adipose tissue was grinded with a pestle for 2 minutes. After adding additional 100 μL 
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extraction buffer, tissue was keep grinded for another 1 minute. Tissue lysates were 

centrifuged (380x g, 1 minute). The supernatant was transferred to a filter cartridge with 

collection tube and stored at -20 °C for 20 minutes with the cap open. After incubation, 

the tubes were centrifuged (380x g, 2 minutes) to allow the flow to pass through the filter. 

Since extracted protein of white adipose tissue was used for western blot, 1/10 denaturing 

buffer (Buffer B) was added to denature the protein solution. In the end, 1/100 protease 

inhibitor (Sigma) was added. DC Protein Assay (BioRad) was used to measure protein 

concentrations. The final concentration of a portion of protein extractions was adjusted to 

4 mg/ml by adding PBS to reach 50 μL as total volume. Samples were separated into 0.5 

mL screw-cap microtubes (Sarstedt) and stored at -30 °C for future western blot analysis. 

 

3.5 Western blot 

 White adipose tissue extracted protein samples (30 μg protein per lane) were loaded 

into SDS-PAGE gels consisting of 10% resolving gel and 4% stacking gel. Samples were 

run at 50 V for 30 minutes and then at 80v for 2 hours. Protein samples were transferred 

from the SDS-PAGE gels to nitrocellulose (Bio-rad) membranes at 300mA for 1.5h in 

ice-cold transfer buffer. Nitrocellulose membranes were blocked in 15 mL 3% bovine 

serum albumin (BSA) (Thermo Scientific) in 1X Tris-buffered saline (TBS) for 1 hour at 

room temperature with shaking. Then these membranes were incubated with primary 

antibody, PPAR-γ or IRS-1(Santa Cruz Biotechnology), 1:1000 (v/v) diluted in 3% BSA 

in 1X Tris-buffered saline containing 0.1% Tween 20 (TBST) overnight at 4 °C on the 
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orbital shaker.  

 Membranes were washed 3 times (10 minutes each) in TBST at room temperature 

with shaking. After washing, membranes were incubated with secondary antibody, 

anti-rabbit IgG HRP conjugate (Promega), (1:1000 (v/v) in 3% BSA in TBST) for 1 hour 

at room temperature with shaking. Membranes were then washed 3 times for 10 minutes 

each. Membrane were detected using ECL detection reagent (GE Health).  

 After detection, membranes were washed and stripped using the following mild 

stripping protocol: mild stripping buffer 2X for 10 minutes each, PBS 2X for 10 minutes 

and then TBST 2X for 5 minutes. Membranes were then blocked with 3% BSA in TBST 

for 1 hour at room temperature with shaking. Membranes were incubated with HRP- 

conjugated β-actin antibody diluted 1:5000 (v/v) in 3% BSA in TBST overnight at 4 °C 

with shaking. Membranes were washed 3 times for 10 minutes each and detected as the 

previous step. Protein concentrations were then semi-quantified by calculating densities 

of protein bands using ImageJ software (Image Processing and Analysis in Java, National 

Institutes of Health). 

 

3.6 Immuno-histochemical analysis  

White adipose tissue samples were stored in 10% formalin for fixation. These samples 

were then embedded into paraffin following the Formalin Fixation and Paraffin 

Embedding (FFPE) protocol by the histo-technologists in the Department of Pathobiology, 

University of Guelph, ON. A section of paraffin infiltrated white adipose sample was 
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deparaffinized in fresh xylene and then rehydrated in ethanol. The deparaffinized white 

adipose sample was immersed in pre-heated antigen retrieval buffer for 10 minutes at 

95 °C to remove the cross-links formed by formalin fixation. Then the sample was 

washed in PBS three times for 5 minutes each. The sample was blocked in 5% BSA in 

PBST for 30 minutes at 37 °C. After blocking, the sample was incubated with F4/80 

antibody (Santa Cruz Biotechnology) diluted (1:1000 (v/v)) in 5% BSA in PBST for one 

hour at room temperature. Washing steps were repeated and the sample was incubated 

with secondary antibody diluted (1:1000 (v/v)) in 5% BSA in PBST for 1h at room 

temperature. Washing steps were repeated and 3,3′- diaminobenzidine (DAB) was used to 

stain the sample. Hematoxylin was used for counterstaining the cell nuclei in blue, which 

provides a contrast color for better visualization. The last steps were dehydration of the 

sample and mounting the section.  

 The slide pictures were taken by a light microscopy (Olympus Life Sciences, 

Toronto, Canada). The total number of adipocytes and adipocytes with a crown-like 

structure on each picture was counted. Then the percentage of adipocytes with 

macrophage infiltration was calculated (adipocytes with macrophage infiltration/the total 

number of adipocytes * 100%).  

 

3.7 Total RNA extraction and cDNA transcription 

Aurum Total RNA Mini Kit (BioRad) was used to extract total RNA from the 

small intestine (jejunum) samples by following the protocol. RNA binding columns, 2 
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mL capped microcentrifuge tubes, lysis solution, Elusion solution, DNase I, DNase 

dilution solution, low stringency wash, high stringency wash, and capless tubes were 

provided by the kit. 

Approximately, 40mg jejunum sample was cut into small pieces and transferred to 

a capped 2 mL tube with 700 μL lysis solution added on the ice. The sample was then 

homogenized with a homogenizer (Polytron PT 1200, Kinematica, AG, Luzern, 

Switzerland) for 1 minute on the ice. Tissue lysate was centrifuged at the maximum speed 

(13684x g) for 3 minutes. Then the supernatant was transferred to a new 2 mL capped 

tube with 700 μL 60% EtOH added. Homogenized again for 30 seconds and transfer the 

lysate to an RNA binding column in a 2 mL capless tube. Centrifuged again at the same 

speed for 1 minute and discarded the filtrate. Low stringency wash (700 μL) was added to 

the column and centrifuged for 30 seconds. After discarding the filtrate, 80 μL 15X 

diluted DNase I was added and incubated for 25 minutes at room temperature. 

Centrifuged again for 30 seconds and discarded the filtrate. High stringency wash (700 

μL) was added, centrifuged for 30 seconds, and discarded the filtrate. Low stringency 

wash (700 μL) was added again, centrifuged for 30 seconds, and discarded the filtrate. 

After centrifuging for additional 1 minute, the column was placed into a 1.5 mL capped 

tube with 60 μL 70°C elution solution added and incubated for 1 minute. Total RNA 

from jejunum sample was eluted into the tube after centrifuging for 2 minutes.  

A spectrophotometer (NanoDrop® ND-1000; Thermo Scientific, Wilmington, DE) 

was used to verify the quality and quantity of RNA by measuring the absorbance at 260 
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nm. The quality of RNA was verified by A260/A280 ratio and the acceptable ratio was 

around 2. The mRNA was then reverse transcribed to cDNA using a Maxima H Minus 

First Strand cDNA Synthesis kit (Thermo Scientific).  

 

3.8 Real-time RT-PCR analysis of gene expression 

Maxima SYBR Green qPCR Master Mix (2X) (Thermo Scientific) was used in 

real-time RT-PCR experiments and the experiments were carried out on a MyiQ Single 

Color Real-Time PCR Detection System (Bio-Rad Laboratories, Inc.) using following 

thermal cycling conditions: denaturation 15 seconds at 95 °C, annealing 15 seconds at 

56 °C, and extension 30 seconds at 72 °C. Primers were synthesized by the University of 

Guelph Laboratory Services Molecular Biology Section (Guelph, ON) and the sequence 

of primers is listed in Table. 4. Relative gene expression was calculated by 2
-ΔΔCT 

using 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as the reference gene (Livak & 

Schmittgen, 2001). Results were presented as fold expression change relative to negative 

control.  
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Table 3. Primers of mouse genes used in this study. 

 

Mouse 

Gene 

Forward primer (5’-3’) Reverse primer (5’-3’) 

GAPDH AACTTTGGCATTGTGGAAGG GGATGCAGGGATGATGTTCT 

ZO-1 AGGACACCAAAGCATGTGAG GGCATTCCTGCTGGTTACA 

JAM A ACCCTCCCTCCTTTCCTTAC CTAGGACTCTTGCCCAATCC 

IL-6 CCGGAGAGGAGACTTCACAG CAGAATTGCCATTGCACAAC 

Claudin

2 

GGCTGTTAGGCACATCCAT TGGCACCAACATAGGAACT

C 

Mucin 4 CTCCAAGAAATGTAGTGGCTTTCA

G 

CACGGTCTTGGGCTGGAGTA 

 

3.9 Statistical analysis 

Results are presented as mean values ± SEM. Statistically significance was 

determined by using one-way analysis of variance (ANOVA) followed by Tukey's 

multiple-comparison test or a one-tailed, unpaired Student's t-test (GraphPad Prism 

version 5.0, La Jolla, CA). When comparing the means of more the two groups, one-way 

ANOVA followed by Tukey’s multiple-comparison test was used. When comparing the 

means of two groups, one-tailed, unpaired Student’s t-test was used. Results are 

considered statistically significant if p-value<0.05 by using “*”, p-value<0.01 by using 

“**” indicated; p-value<0.001 by using “***”, p- value<0.00001 by using “****”. 
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4 Results  

4.1 Basic physiological animal performances obtained from the animal trial 

There were no significant changes among NC, PC and two treatment groups (TM and 

TH) in water consumption, food consumption, and body weight (Table 4). The tissue 

weights for each group did not have significant changes (Table 5). This indicated Rubus 

suavissimus S. Lee leaf extract and LPS administration did not influence the mice’s basic 

physiological parameters and tissues weight gained. 

 

Table 4. Water consumption, food consumption, and body weight changes during trial 

period  

 

Week 

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Water Consumption (mL/mouse/day)          

NC 3.31 3.45 3.31 3.18 3.33 2.88 2.63 3.48 3.29 3.49 3.17 3.44 3.42 3.24 3.31 

PC 3.33 3.06 2.98 2.93 2.90 3.04 3.59 3.21 2.78 2.88 3.22 3.10 2.79 2.82 2.94 

TM 2.99 2.74 3.16 2.77 3.24 3.06 2.88 3.00 2.73 3.33 4.09 3.05 4.49 3.73 5.23 

TH 3.33 2.55 3.07 2.96 3.00 3.21 3.00 3.31 2.79 2.74 3.23 2.87 3.83 4.03 4.02 

Food Consumption (g/mouse/day)          

NC        3.66 3.50 3.57 3.78 3.62 3.82 3.84 3.67 

PC        4.78 2.93 3.16 3.42 3.41 3.33 3.34 4.49 

TM        3.24 3.16 3.28 3.24 3.30 3.05 3.25 3.15 

TH        3.32 3.27 3.21 3.15 3.15 3.24 3.18 3.03 

Body Weight (g) Mean ± SEM            

NC 20.81±0.62   22.54±0.69 22.99±0.71 23.48±0.79 23.69±0.81 24.84±0.74 24.91±

1.12 

PC 20.35±0.44   21.79±0.51 22.56±0.60 22.83±0.55 23.10±0.52 23.91±0.53 24.63±

0.70 

TM 21.26±0.54   22.46±0.57 23.38±0.61 23.78±0.61 24.43±0.82 24.5±0.70 25.67±

1.27 

TH 20.99±0.67   22.01±0.64 23.12±0.86 23.60±0.90 23.86±0.94 24.26±1.08 24.77±

1.10 
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Table 5.  Tissue weight collected at euthanization 

 

 Kidney (g) Liver (g) White Adipose 

(g) 

Brown 

Adipose (g) 

Leg 

Muscle (g) 

Heart (g) 

 Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM 

NC 0.297 0.017 1.208 0.057 0.923 0.209 0.051 0.004 1.668 0.069 0.134 0.011 

PC 0.275 0.011 1.083 0.055 0.967 0.196 0.062 0.012 1.644 0.088 0.126 0.008 

TM 0.298 0.014 1.061 0.091 1.098 0.209 0.051 0.005 1.640 0.061 0.129 0.009 

TH 0.293 0.016 1.109 0.067 0.937 0.144 0.046 0.007 1.700 0.097 0.132 0.010 

 

4.2 Rubus suavissimus S. Lee leaf extract suppressed the secretion of 

pro-inflammatory mediators in plasma 

As mentioned above, plasma samples were pooled due to the limited amount of 

plasma available from each mouse. Therefore, negative control (NC) and positive control 

(PC) group each had 4 samples, medium-dose (TM, 0.5%) and high-dose (TH, 1%) 

Rubus suavissimus S. Lee leaf extract intervention group each had 6 samples, vehicle 

control (TC) group had 2 samples. Oral administration of LPS in C57BL/6J mice for 16 

weeks induced intestinal inflammation and low-grade chronic inflammation, thus, the 

plasma concentrations of pro-inflammatory mediators were elevated (Zeng et al, 

unpublished). 

 As shown in Figure 13, there was a significant increase of plasma TNF-α 

concentration in PC group (444.50 ± 5.42 pg/mL) comparing to NC group (69.63 ± 32.86 

pg/mL, p < 0.01) using one-way ANOVA test. Rubus suavissimus S. Lee leaf extract TM 

intervention group (179.00 ± 46.38 pg/mL, p < 0.01) and TH intervention group (237.30 

± 33.51 pg/mL, p < 0.05) showed significant decrease of TNF-α in plasma comparing to 
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PC. There was significant decrease of plasma IL-6 concentration in TM group (10.42 ± 

2.71 pg/mL, p <0.0001) and TH group (21.34 ± 3.72 pg/mL, p <0.0001) comparing to PC 

group (86.45 ± 11.11 pg/mL). There was a significant increase of plasma MCP-1 

concentration in PC group (1622.00 ± 54.14 pg/mL) comparing to NC group (118.20 ± 

57.70 pg/mL, p < 0.0001). TM group (216.30 ± 66.26 pg/mL, p < 0.0001) and TH group 

(236.6 ± 43.32 pg/mL, p < 0.0001) showed significant decrease of MCP-1 in plasma 

comparing to PC. TC group did not significantly change the MCP-1, IL-6, and TNF-α 

level comparing to NC group (data not shown). 
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Figure 13. Rubus suavissimus S. Lee leaf extract suppressed the secretion of 

pro-inflammatory mediators, TNF-α, IL-6, and MCP-1, in plasma. Results are 

represented as means ± SEM of n=4 samples for NC and PC, and n=6 samples for TM 

and TH. Differences in means were considered statistically significant when p is less than 

0.05.  

* p<0.05, ** p < 0.01, and **** p <0.0001 relative to PC. 
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4.3 Rubus suavissimus S. Lee leaf extract promoted the secretion of 

anti-inflammatory mediator in plasma 

Oral administration of LPS in C57BL/6J mice for 16 weeks induced intestinal 

inflammation and low-grade chronic inflammation, thus, the plasma concentrations of 

anti-inflammatory mediator, adiponectin, were decreased. 

As shown in Figure 14, PC has lower plasma adiponectin concentration compared to 

NC group. There was a significant increase of plasma adiponectin concentration in Rubus 

suavissimus S. Lee leaf extract TM intervention group (68.99 ± 3.82 pg/mL, p < 0.001) 

comparing to PC group (41.78 ± 5.46 pg/mL). TC group did not significantly change the 

adiponectin level comparing to NC group (data not shown). 

 

 
 

Figure 14. Rubus suavissimus S. Lee leaf extract promoted the secretion of 

anti-inflammatory mediator, adiponectin, in plasma. Results are represented as means ± 

SEM of n=4 samples for NC and PC, and n=6 samples for TM and TH. Differences in 

means were considered statistically significant when p is less than 0.05.  

*** p <0.001 relative to PC. 
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4.4 Rubus suavissimus S. Lee leaf extract suppressed the concentration of endotoxin 

in plasma 

As shown in Figure 15, there was a significant increase of plasma endotoxin 

concentration in PC group (0.74 ± 0.07 EU /mL) comparing to NC group (0.25 ± 0.02 

EU/mL, p < 0.001). Rubus suavissimus S. Lee leaf extract TM intervention group (0.32 ± 

0.05 EU/mL, p < 0.001) showed a significant decrease of endotoxin in plasma comparing 

to PC. TC group did not significantly change the endotoxin level comparing to NC group 

(data not shown). 

 

 

 

Figure 15. Rubus suavissimus S. Lee leaf extract suppressed the concentration of 

endotoxin in plasma. Results are represented as means ± SEM of n=4 samples for NC and 

PC, and n=6 samples for TM and TH. Differences in means were considered statistically 

significant when p is less than 0.05.  

*** p <0.001 relative to PC. 
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4.5 Rubus suavissimus S. Lee leaf extract decreased intestinal permeability 

D-mannitol is absorbed in the gut and it is not metabolized in the body. Therefore, 

increased concentration of plasma D-mannitol is due to low-grade chronic inflammation 

induced alteration of intestinal permeability.  

As shown in Figure 16, there was a significant increase of plasma D-mannitol 

concentration in PC group (216.80 ± 6.66 nmol/mL) comparing to NC group (125.00 ± 

1.40 nmol/mL, p < 0.01). TM group (146.3 ± 5.58 nmol/mL, p < 0.01) and TH group 

(129.5 ± 8.07 nmol/mL, p < 0.01) showed significant decrease of D-mannitol in plasma 

comparing to PC. TC group did not affect the changes of D-mannitol level (data not 

shown) from NC group. 

 

 

 

Figure 16. Rubus suavissimus S. Lee leaf extract decreased intestinal permeability. 

Intestinal permeability is assessed by testing D-mannitol concentration in plasma. 

Differences in means were considered statistically significant when p is less than 0.05.  

** p <0.01 relative to PC. 
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4.6 Effect of Rubus suavissimus S. Lee leaf extract on liver function 

Plasma ALT and AST are primarily produced by the liver and are low in the blood. If 

the liver is damaged or diseases are developed, blood levels of these enzymes are 

increased.  

As shown in Figure 17, there was no significant difference between plasma ALT 

concentration in PC group (1.40 ± 0.13 mU/mL) and NC group (1.32 ± 0.02 mU/mL). 

Moreover, TM group (1.44 ± 0.07 mU/mL) or TH group (1.17 ± 0.13 mU/mL) showed 

no significant difference of ALT in plasma comparing to PC group.  

As shown in Figure 17, there was no significant difference between plasma AST 

concentration in PC group (8.26 ± 0.87 mU/mL) and NC group (8.35 ± 0.02 mU/mL). 

Moreover, TM group (7.65 ± 0.07 mU/mL) or TH group (8.23 ± 0.13 mU/mL) showed 

no significant difference of AST in plasma comparing to PC group.  

 

 

  
 

Figure 17. Effects of Rubus suavissimus S. Lee leaf extract on liver function. ALT and 

AST is hepatic enzymes that act as biomarkers to detect liver damage. Results are 

represented as means ± SEM of n=4 samples for NC and PC, and n=6 samples for TM 

and TH. There were no significant differences among groups.  
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4.7 Rubus suavissimus S. Lee leaf extract increased PPAR-γ protein expression and 

suppressed macrophage infiltration in the white adipose tissue 

4.7.1 PPAR-γ expression 

White adipose PPAR-γ expression was assessed by western blot. As shown in Figure 

18, PC has shown decreased white adipose tissue PPAR-γ expression compared to NC 

group. There was a significant increase of PPAR-γ expression in Rubus suavissimus S. 

Lee leaf extract TH intervention group (p < 0.05) comparing to PC group. TM group also 

showed increases in PPAR-γ expression comparing to PC group, but the difference is not 

statistical significance. 

 

 

 

Figure 18. Rubus suavissimus S. Lee leaf extract increased PPAR-γ protein expression in 

the white adipose tissue. β-actin was the reference protein. N=6 samples for NC, PC, TM, 

and TH. Results are statistically significant when p is less than 0.05.  

* p <0.05 relative to PC. 

N
C PC

TM TH

0.0

0.2

0.4

0.6

0.8

1.0

P
P

A
R

-γ
/β

-a
c
ti

n
 E

x
p

re
s

s
io

n

*

PPAR-γ

β-actin



 
 

61 
 

4.7.2 Immuno-histochemical results of white adipose tissue 

In the present study, immunohistochemistry analysis of F4/80 stained white adipose 

tissue was used to detect macrophage infiltration and adipocyte alteration. As shown in 

Figure 19, macrophage infiltration in white adipose tissue forming “crown-like structures” 

was observed in PC group and the size of adipocytes in PC group is slightly larger than the 

size in NC group. Rubus suavissimus S. Lee leaf extract TM intervention group showed 

smaller adipocyte size and relatively less macrophage infiltration is observed in the white 

adipose tissue compared to PC group. As shown in Figure 20, there was a significant 

difference of percentage of adipocytes with macrophage infiltration between PC group 

(2.52 ± 0.52 %) and NC group (0.55 ± 0.25 %, p<0.0001). Rubus suavissimus S. Lee leaf 

extract TM intervention group (0.47 ± 0.27 %, p<0.0001) also showed a significant 

difference of percentage of adipocytes with macrophage infiltration to PC. 
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               NC                                  PC 

     

TM 

   

 

Figure 19. F4/80 stained immune-histochemical images of white adipose tissue. An 

adipocyte is indicated in a circle and the site of macrophage infiltration is indicated in a 

rectangle on PC group’s image. N=6 samples for NC and PC, n=4 samples for TM were 

made into slides. Each slide had 4 to 6 photos taken at different spots. 
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Figure 20. Percentage of adipocytes with macrophage infiltration in the white adipose 

tissue. Results are statistically significant when p is less than 0.05.  

**** p <0.0001 relative to PC. 
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4.8 Rubus suavissimus S. Lee leaf extract prevented insulin resistance and promoted 

IRS-1 protein expression in the white adipose tissue 

4.8.1 Insulin level in plasma 

Low-grade chronic inflammation plays a critical role in insulin resistance 

development. Plasma insulin concentration is considered as an indicator of insulin 

resistance since plasma insulin level would be high after glucose administration if the 

mice had insulin resistance. As shown in Figure 21, there was no significant difference 

between plasma insulin concentration in PC group (450.80 ± 19.22 pg/mL) and NC group 

(359.20 ± 97.43 pg/mL). Moreover, Rubus suavissimus S. Lee leaf extract TM group 

(294.10 ± 18.77 pg/mL) or TH group (314.30 ± 11.07 pg/mL) showed no significant 

difference of insulin concentration in plasma comparing to PC group. 

 

 

Figure 21. Effects of Rubus suavissimus S. Lee leaf extract on insulin levels. Plasma 

insulin is used to assess insulin resistance. Results are represented as means ± SEM of 

n=2 samples for NC and PC, and n=3 samples for TM and TH. There were no significant 

differences between groups. 
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4.8.2 Protein expression of IRS-1 in the white adipose tissue 

White adipose IRS-1 protein expression was assessed by western blot. As shown in 

Figure 22, PC has shown decreased white adipose tissue IRS-1 expression compared to 

NC group. There was a significant increase of IRS-1 expression in Rubus suavissimus S. 

Lee leaf extract TH intervention group (p < 0.05) comparing to PC group. TM group also 

showed increases in IRS-1 expression comparing to PC group, but the difference is not 

statistically significant. 

 

 

 

 

Figure 22. Rubus suavissimus S. Lee leaf extract increased IRS-1 protein expression in 

the white adipose tissue. N=6 samples for NC, PC, TM, and TH. β-actin was the reference 

protein. Results are statistically significant when p<0.05. * p <0.05 relative to PC. 
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4.8.3 Glucose tolerance test results 

As mentioned above, each cage had two mice selected for glucose tolerance test. 

Glucose tolerance test is considered as an indicator of insulin resistance since blood 

glucose levels would be high after glucose administration if the mice had disturbances in 

glucose uptake.  

As shown in Figure 23, the baseline plasma glucose levels of all groups were about 5 

mmol/mL at 0 minute. PC reached the highest level among other groups at 15 minutes 

and remained the highest at 30 minutes. Mice from TM group and TH group showed 

similar peak levels as PC at 15 minutes, but their glucose levels decreased faster at the 

following time. Among all, the glucose level of NC was the lowest at 15 minutes. From 

60 minutes to 120 minutes, the glucose level of PC, NC, TM, and TH showed similar 

gradient and the levels reached almost the same at 120 minutes. In Figure 24, TM group 

(979.30 ± 17.98, p < 0.001) and TH group (1002.00 ± 33.07, p < 0.01) showed significant 

smaller AUC comparing to PC (1179.00 ± 23.51). 
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Figure 23. Effects of Rubus suavissimus S. Lee leaf extract on prevention of glucose 

intolerance. 

 

 

 

 

Figure 24. Rubus suavissimus S. Lee leaf extract decreased the area under the curve of 

blood glucose concentration. Results are represented as means ± SEM of n=8 samples for 

NC and PC, and n=6 samples for TM and TH. Differences in means were considered 

statistically significant when p is less than 0.5. 

** p < 0.01, and *** p <0.001 relative to PC. 
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4.9 Rubus suavissimus S. Lee leaf extract up-regulated the gene expression of tight 

junction protein and mucin 

In this study, gene expression of tight junction proteins and mucin was analyzed 

by real-time RT-PCR. As shown in Figure 25, the relative expression of ZO-1 in PC 

group was decreased compared to NC group. Rubus suavissimus S. Lee leaf extract TM 

(p <0.001) intervention group showed the significant increase of ZO-1 gene expression 

comparing to PC. Comparing to PC group, Rubus suavissimus S. Lee leaf extract TM (p 

<0.001) and TH (p <0.01) intervention group showed the significant increase of JAM-A 

gene expression. There was a significantly decreased gene expression of claudin 2 in PC 

group comparing to NC group (p <0.01). Rubus suavissimus S. Lee leaf extract TH (p 

<0.05) intervention group showed the significant increase of claudin 2 gene expression 

comparing to PC. There was a significantly decreased gene expression of IL-6 in PC 

group comparing to NC group (p <0.05). Rubus suavissimus S. Lee leaf extract TM (p 

<0.05) and TH (p <0.05) intervention group showed the significant increase of IL-6 gene 

expression comparing to PC. Comparing to PC, Rubus suavissimus S. Lee leaf extract 

TM (p <0.01) intervention group showed a significant increase of mucin 4 gene 

expression. 
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Figure 25. Relative gene expression of tight junction proteins. GADPH was used as the 

reference gene. Fold expression change is relative to NC.  

* p<0.05, ** p< 0.01, and *** p <0.001 relative to PC. 
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5 Discussion 

Inflammation is a self-defense response that is essential to host immuno-surveillance 

(Minihane et al., 2015). At the site of infection, injured cells increase blood flow, recruit 

immune cells, and display signs including redness and tissue swelling with pain and heat. 

The immune cells, such as tissue-resided macrophages, bind to the pathogen-associated 

molecular patterns (PAMPs) via pattern recognition receptors (PRRs) (Chovatiya & 

Medzhitov, 2014). The binding activates the transcription factor, nuclear factor 

kappa-light-chain-enhancer of activated B cells (NF-κB), to promote the production of 

pro-inflammatory mediators, such as TNF-α, IL-6, and MCP-1. These pro-inflammatory 

mediators recruit more immune cells to remove and destroy the invaded threats. Once the 

clean-up process is completed, anti-inflammatory mediators are secreted to restore 

homeostasis. Excessive production of pro-inflammatory mediators and persistent 

macrophage activation result in the development of low-grade chronic inflammation 

(Mine & Zhang, 2015a). 

Many food components exhibit beneficial effects toward inflammation, such as fruits, 

vegetable, beans, tea, and milk products (Bai et al., 2005; Veiga et al., 2010; Kürbitz et al., 

2011; Capitán-Cañadas et al., 2016). Polyphenols of food origin has shown 

anti-inflammatory activities, such as resveratrol down-regulated pro-inflammatory 

mediator secretion (Li et al., 2014), arbutin prevented transcriptional activity of NF-κB 

(Lee & Kim, 2012), and quercetin inhibited macrophage activation (Comalada et al., 

2005). Therefore, food-derived bioactive polyphenols with anti-inflammatory activities 
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are considered as potential intervention methods to prevent inflammation. In the present 

study, Rubus suavissimus S. Lee leaf extract was used as an intervention method in the 

mouse model with LPS-induced low grade chronic inflammation. The comparative 

analysis of results from the PC, NC, and Rubus suavissimus S. Lee leaf extract treated 

groups have shown evidence of the potent anti-inflammatory activity of Rubus 

suavissimus S. Lee leaf extract in low-grade chronic inflammation. 

In the present study, intestinal low-grade chronic inflammation was induced by oral 

administration of endotoxins, i.e. lipopolysaccharide (LPS) component of the 

gram-negative E.coli bacteria. LPS acts as a persist inflammatory inducer to trigger the 

innate immune response. LPS initiates the toll-like receptor 4 (TLR4) signal pathway and 

activates NF-κB to increase the secretion of pro-inflammatory mediators, TNF-α, IL-6, 

and MCP-1 (Mantovani et al., 2004). Moreover, the accumulation of LPS leads to the 

dysfunction of intestinal barrier and increase of intestinal permeability, which is also 

known as leaky gut (Ilan, 2012). Intestinal permeability and the integrity of mucosal 

barrier are mainly regulated by the tight junction proteins. The transmembrane proteins, 

claudin, oocludin, and junctional adhesion molecules (JAM) are linked to the actin 

cytoskeleton by plaque proteins, such as zonula occludens-1 (ZO-1), to regulate the 

para-cellular permeability (Schneeberger & Lynch, 2004; Ulluwishewa et al., 2011). 

Previous studies have shown that LPS-induced inflammation down-regulated zonula 

occludens-1 (ZO-1) and JAMA (Bein et al., 2017; (Laukoetter et al., 2007). Decreased 

number and alterations in the complexity of ZO-1 and JAMA influence the structural 
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integrity of mucosal barrier and cause leaky gut (Schneeberger & Lynch, 2004; Stewart et 

al., 2017). Under the low-grade chronic inflammation condition, increased concentration 

of IL-6 induces claudin 2 expression. The increased claudin 2 expression decreases the 

tightness of intestinal barrier and increases intestinal permeability (Suzuki, Yoshinaga, & 

Tanabe, 2011). As a front-line physical barrier, the defense mechanism of mucins protects 

the epithelial cells from invaded pathogens. Mucin 4, a trans-membrane mucin, provides 

protection, lubrication, and moisturization to the epithelial cells (Moniaux et al., 2007). 

Decreased mucin 4 gene expression influences the efficacy of mucus barrier in preventing 

the pathogen accessibility to the cell. The integrity of intestinal barrier and permeability 

of intestinal was maintained by Rubus suavissimus S. Lee leaf extract intervention as the 

gene expressions of ZO-1, JAMA and mucin 4 were up-regulated and the gene 

expressions of IL-6 and claudin 2 were down-regulated in the small intestine. Since 

D-mannitol is only absorbed in the gut and is not metabolized in the body, increased 

intestinal permeability allows D-mannitol to enter the bloodstream and leads to higher 

plasma D-mannitol levels. Therefore, another evidence of Rubus suavissimus S. Lee leaf 

extract improved intestinal permeability was reducing plasma D-mannitol levels in the 

intervention groups. The prevention of increased intestinal permeability further eliminates 

the development of inflammation.  

The loss of barrier integrity promotes bacterial LPS translocation into the 

bloodstream and causes elevated plasma LPS levels, and results in the development of 

systemic low-grade chronic inflammation (Moreira, Texeira, Ferreira, Peluzio, & Alfenas, 
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2012). The inflammatory inducer, LPS, triggers inflammation, activates NF-κB signaling 

pathway, and increases production of pro-inflammatory mediators at systemic scale. 

Therefore, an up-regulated production of pro-inflammatory mediators including TNF-α, 

IL-6, and MCP-1 was observed (Barbaresko, Koch, Schulze, & Nöthlings, 2013). When 

LPS activates TLR4, TNF-α is secreted as a result and binds to TNF receptor to initiate 

the inflammatory response through NF-κB activation (Kawai & Akira, 2006). Secreted 

IL-6 stimulates MCP-1 production and recruits more macrophage (Kaplanski, Marin, 

Montero-Julian, Mantovani, & Farnarier, 2003). Moreover, increased level of IL-6 is 

associated with the lowered level of adiponectin (Engeli et al., 2003). An in vitro study 

has shown that adiponectin inhibits TNF-α-induced IκB-α phosphorylation and 

subsequent NF-κB activation (Ouchi et al., 2000). In addition, adiponectin can inhibit 

LPS-stimulated TNF-α production in macrophages and negatively regulate the 

inflammatory responses to TLR ligands (Yamaguchi et al., 2005; Yokota et al., 2000). 

Together, these observations suggest that adiponectin acts as an anti-inflammatory 

mediator. Under low-grade chronic inflammation condition, secretion of adiponectin was 

suppressed. In the present study, the production of pro-inflammatory mediators, TNF-α, 

IL-6 and MCP-1, and the concentration of the endotoxin, LPS, was shown to be 

down-regulated by Rubus suavissimus S. Lee leaf extract intervention. Moreover, Rubus 

suavissimus S. Lee leaf extract promotes the secretion of adiponectin. Liu et al. (2005) 

suggested the leaf extract of Rubus suavissimus S. Lee exhibited the inhibitory activity of 

NF-κB. Inhibition of NF-κB could be one of the mechanisms that support the present 
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study. Taken together, these factors support the hypothesis that Rubus suavissimus S. Lee 

leaf extract exhibits anti-inflammatory effects. 

Systemic low-grade chronic inflammation can contribute to the development of a 

variety of chronic conditions including insulin resistance, obesity, and non-alcoholic fatty 

liver diseases (NAFLD) (Minihane et al., 2015). Low-grade chronic inflammation 

triggers the development of insulin resistance by suppressing IRS-1 protein expression, 

disturbing insulin signaling pathway, and impairing insulin sensitivity (Boura-Halfon & 

Zick, 2009). Impaired insulin sensitivity leads to elevated plasma insulin and glucose 

concentration after oral administration of glucose (Hotamisligil, 2006). Krogh-Madsen et 

al. has shown that insulin-mediated glucose uptake was significantly reduced by elevated 

TNF-α levels in human volunteers (Krogh-Madsen, Plomgaard, Møller, Mittendorfer, & 

Pedersen, 2006). The present study showed that the mice from the positive control group 

had the highest plasma insulin and glucose levels, as well as largest area under the curve 

(AUC). This indicates the development of insulin insensitivity induced by systemic 

low-grade chronic inflammation as the pro-inflammatory mediators interfere the insulin 

signaling pathway and interrupt glucose uptake. Insulin stimulates tyrosine 

phosphorylation of insulin receptor subset (IRS) proteins to propagate the signal through 

the insulin signaling pathway for glucose uptake. Elevated circulation of TNF-α alters the 

expression of IRS-1 and glucose transporter type 4 (GLUT-4) and phosphorylates serine 

residues of IRS-1 to interfere the function of IRS-1 in the insulin signaling (Hotamisligil, 

2006); Zeyda & Stulnig, 2009). Studies have shown this modification of IRS-1 has been 
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detected in insulin-resistance cells and tissues in mice and humans and inhibits 

insulin-stimulated tyrosine phosphorylation to impair insulin action (Aguirre, Uchida, 

Yenush, Davis, & White, 2000; Gao et al., 2002). Additionally, phosphorylation of IRS-1 

serine residues promotes nuclear translocation of NF-κB by phosphorylating the inhibitor 

κB (IκB) (Gao et al., 2002). NF-κB further increases pro-inflammatory mediators in the 

bloodstream. Elevated IL-6 initiates the production of suppressor of cytokine signaling 

(SOCS) proteins resulting in degradation of IRS proteins (Zeyda & Stulnig, 2009). 

Without proper functional IRS-1 and GLUT-4, the insulin signaling pathway is 

interrupted and the blood glucose remains high. Adipocytes from knockout mice lacking 

IRS-1 showed a reduce in glucose transport and GLUT-4 translocation to the plasma 

membrane in response to insulin (SESTI et al., 2001). In the present study, white adipose 

IRS-1 was assessed by western blot showing that the protein expression of IRS-1 was 

shown to be elevated by supplementation of Rubus suavissimus S. Lee leaf extract. In 

addition, Rubus suavissimus S. Lee leaf extract intervention groups have shown lowered 

plasma insulin levels and smaller AUC. This result shows that Rubus suavissimus S. Lee 

leaf extract has potent effect in retaining insulin sensitivity and preventing insulin 

resistance. As mentioned above, Rubus suavissimus S. Lee leaf extract alters the plasma 

concentrations of TNF-α, IL-6, MCP-1, and adiponectin. Lowered pro-inflammatory 

mediators have less chance in disturbing the insulin signaling pathway and contributing 

to insulin resistance development. Elevated adiponectin level plays a protective role 

against insulin resistance (Kubota et al., 2002). Therefore, these factors can also explain 
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the mechanisms of such beneficial effects of Rubus suavissimus S. Lee leaf extract on 

insulin resistance. 

Comparing with adipose tissue of lean individuals, adipose tissue of obese expressed 

increased pro-inflammatory mediators, such as TNF-α, IL-6, and MCP-1 (Weisberg et al., 

2003). Adiponectin is low in obese individuals (Jung & Choi, 2014). Moreover, TNF-α is 

overexpressed in the white adipose of obese mice (Hotamisligil, 2006). Taken together, 

these findings provided a close association between systemic low-grade chronic 

inflammation and obesity. Elevated plasma MCP-1 recruits more macrophage to the 

adipose tissue and promote macrophage infiltration (Odegaard et al., 2007). Macrophage 

accumulation may promote the secretion of pro-inflammatory mediators by adipose tissue 

and thereby leads to the consequences of obesity. Adipocyte hypertrophy may lead to 

adipocyte dysfunction and death. Dead cells recruit macrophages and form “crown-like 

structures” (Zeyda & Stulnig, 2009). This structure can be observed in the study of 

Weisberg et al. (2003) and the present study. Since the weight gain of the mice model was 

within the normal range, macrophage infiltration can be considered as a marker of the 

early stage of adiposity. Supplementation of Rubus suavissimus S. Lee leaf extract did 

demonstrate its effect in preventing macrophage infiltration as showing significantly 

decreased percentage of adipocytes with macrophage infiltration. Reduced infiltration of 

macrophage down-regulates the production of pro-inflammatory mediators. Furthermore, 

thiazolidinediones (TZDs), the ligands of peroxisome-proliferator-activated receptor γ 

(PPAR-γ), suppress macrophage production of TNF-α, IL-6, and IL-1β induced by LPS 
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(Weisberg et al., 2003). The study conducted by Maeda et al. (2001) showed that TZDs 

can also enhance the expression and secretion of adiponectin in vitro and in vivo. PPAR-γ 

have been shown to inhibit the NF-κB pathway, reduce TNF-α and IL-6 levels, promotes 

adipogenesis, and maintain basal insulin sensitivity by elevating GLUT-4 levels in the 

adipose tissue (Rosen & Spiegelman, 2001). However, PPAR-γ is down-regulated under 

the systemic low-grade chronic inflammatory state. Ezure and Amano (2011) suggested 

that Rubus suavissimus S. Lee leaf extract enhances early adipogenesis by increasing the 

expression of adiponectin. The immuno-histochemical images of the present study 

showed that adipogenesis occurs in the Rubus suavissimus S. Lee leaf extract intervention 

group and plasma adiponectin level was elevated as well. Since PPAR-γ plays an 

important role in suppressing inflammation and preventing insulin resistance, it was 

tested by western blot and the result showed the elevation of PPAR-γ protein expression 

with Rubus suavissimus S. Lee leaf extract supplementation.  

Systemic low-grade chronic inflammation is capable to induce the development of 

nonalcoholic fatty liver disease (NAFLD) (Frazier, DiBaise, & McClain, 2011). As 

elevated plasma concentration of hepatic enzymes, alanine, and aspartate 

aminotransferases (ALT and AST), were considered as the critiria of hepatic damage and 

diseases (Nyblom, Berggren, Balldin, & Olsson, 2004). Such two enzymes were tested in 

the present study. However, no significant changes were observed. This may be 

interpreted as the animal trial was not long enough for the hepatic damage development. 

A study of high-fat diet fed male C57BL6J mice reported that Rubus suavissimus S. Lee 
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leaf extract protects the mice from NAFLD by inhibition of lipid droplet formation 

without extra weight gain (Takahashi et al., 2016). Using this study as an evidence, Rubus 

suavissimus S. Lee leaf extract may exhibit protection effect on the liver.  

The HPLC analysis under 280 nm showed that Rubus suavissimus S. Lee leaf extract 

contained gallic acid, ellagic acid, and rubusoside. Koh et al. (2010) suggested gallic acid, 

ellagic acid, and rubusoside accounts together for 27% of Rubus suavissimus S. Lee leaf 

extract by weight. Meanwhile, the Rubus suavissimus S. Lee leaf extract bought for the 

present study contains 30.1% polyphenol and 7% GOD type polyphenol. This means 

gallic acid, ellagic acid, rubusoside, and GOD type polyphenol play important roles in the 

beneficial effects of Rubus suavissimus S. Lee leaf extract. The sweetness of Rubus 

suavissimus S. Lee leaf is mainly due to the presence of rubusoside (Ohtani et al., 1992). 

Rubusoside is mainly used as a natural sweetener (Koh et al., 2010). An in vitro study 

showed that gallic acid exhibited anti-inflammatory activity by inhibiting degradation of 

IκBα and nuclear translocation of p65 NF-κB, thereby, decreasing the secretion of 

pro-inflammatory cytokines including TNF-α and IL-6 (Kim et al., 2005). Moreover, 

gallic acid can increase the level of IκBα even in the presence of LPS (Choi et al., 2009). 

Ellagic acid has been reported anti-inflammatory activity in a mouse model by 

suppressing TNF-α, IL-1β, IL-6, and MCP-1 expression and decreasing activation of 

macrophages (Chao, Hsu, & Yin, 2009). In addition, Umesalma and Sudhandiran (2010) 

suggested the anti-inflammatory ability of ellagic acid by inhibiting NF‐κB. GOD-type 

ellagitannins from Rubus suavissimus S. Lee leaf extract also have anti-inflammatory 
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activities (Li et al., 2007). Ellagitannins inhibited TNF-α induced NF-κB nuclear 

translocation and down-regulated IL-8 secretion induced by TNF-α and IL-1β in vitro and 

in vivo (Sangiovanni et al., 2013). Therefore, gallic acid, ellagic acid, and GOD-type 

ellagitannins are the potent candidates contribute to anti-inflammatory activity of Rubus 

suavissimus S. Lee leaf extract. 

 

6 Conclusion and Future work 

LPS administration to mice impairs the integrity of mucosal barrier and alters tight 

junction function, thereby, allows LPS translocation from the intestinal to the system via 

increased intestinal permeability. Supplementation of Rubus suavissimus S. Lee leaf 

extract maintained the integrity of mucosal barrier and decreased intestinal permeability 

by modulating the gene expression of tight junction proteins. Rubus suavissimus S. Lee 

leaf extract suppressed the pro-inflammatory mediator productions including TNF-α, IL-6, 

and MCP-1. The secretion of the anti-inflammatory mediator, adiponectin, was promoted 

by elevated PPAR-γ protein expression. Additionally, Rubus suavissimus S. Lee leaf 

extract prevented the insulin resistance by restoring insulin sensitivity and increasing the 

protein expression of IRS-1. In white adipose tissue, Rubus suavissimus S. Lee leaf 

extract successfully prevented macrophage infiltration. In conclusion, this study has 

demonstrated the anti-inflammatory effects of Rubus suavissimus S. Lee leaf extract, 

indicating its potential as the functional food supplement or nutraceutical to prevent 

LPS-induced systemic low-grade chronic inflammation and inflammation-induced early 
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staged metabolic disorders including insulin resistance and obesity.  

Current work has found that gallic acid, ellagic acid, and GOD-type ellagitannins 

played roles in contributing to the health benefits of Rubus suavissimus S. Lee leaf extract. 

However, the HPLC analysis only accessed the chemical compounds at 280 nm optical 

density. Future work to continue this study should analyze the chemical compounds under 

other optical densities to find out whether they contribute to the beneficial effects. Further 

study is also needed to study the synergistic effect of the metabolites of these polyphenols. 

The crude extract contains 37.1% total polyphenol content, the remaining 62.9% need to 

be identified and analyzed for their bioactive effects. Moreover, the beneficial effects of 

Rubus suavissimus S. Lee leaf extract can be further studied using a high-fat diet mouse 

model. Besides measuring the plasma concentration of adiponection, another 

anti-inflammatory mediator, IL-10, need to be analyzed.  
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