
ABSTRACT 

 
LEWIS, WANIDA. Antioxidant and Anti-inflammatory Properties of Peanut Skin Extracts. 

(Under the direction of Dr. Lisa Dean and Dr. Leon Boyd). 
 

 
 

Peanut skins have been regarded as a low economic waste by-product of the peanut 

industry but they contain high levels of bioactive compounds including catechins and 

procyanidins, which could benefit human health. The antioxidant activities of peanut skins 

have been reported but, no attempt has been undertaken to study the relationship between 

antioxidant and anti-inflammatory properties of peanut skins.  The purpose of this research 

was to (i) evaluate the antioxidant activity, (ii) investigate anti-inflammatory properties and 

(iii) identify the mechanism of action that may be responsible for peanut skin’s anti- 

inflammatory activity in vitro. To achieve an optimized amount of phenolic compounds, 

polar solvents such as aqueous ethanol or acetone were used for extraction purposes. 

Antioxidant activity was evaluated using Hydrophilic Oxygen Radical Absorbance Capacity 

(H-ORAC) and Total Phenol analyses. Peanut skin extracts (PSE) extracted with 

acetone/water had similar ORAC and total phenolic values (3060 µmol Trolox/100 g and 290 

mg GAE/g) than PSE extracted with ethanol/water (2620 µmol Trolox/100 g and 250 mg 

GAE/g, respectively). A RAW 264.7 mouse macrophage cell line was used to examine the 

anti-inflammatory properties of PSE.  RAW 264.7 cells were treated with three 

concentrations of PSE (1, 2.5 and 5% (v/v)) and induced with an inflammatory marker, 

lipopolysaccharide (LPS). Western blotting analysis of COX-2 expression was significantly 

affected by PSE. PGE2 was measured by enzyme linked immunosorbant assay (ELISA). 

Increasing concentrations of PSE induced with LPS showed a decrease in PGE2 



concentration.  This suppression of pro-inflammatory markers was found to be dose- 

dependent and demonstrates that PSE has anti-inflammatory properties. 

To investigate the mechanism of action, the anti-inflammatory effects of PSE on inducible 

nitric oxide synthase (iNOS) and nuclear factor-kappa B (NF-κB) were identified as 

pathways of interest, because of its role as starting the onset of inflammation.  We also 

wanted to investigate if iNOS and NF-κB could be further inhibited at a longer incubation, 12 

and 18 hours. The Greiss assay was used to determine nitrite levels in culture media. There 

was an increase in NO production between 12 and 18 hours when RAW 264.7 macrophages 

were stimulated with the positive control LPS, however, PSE reduced NO production in a 

dose-dependent manner suggesting that inhibition had occurred.  Isolation of nuclear 

fractions was performed for the NF-κB transcription factor assay.  PSE significantly 

 
decreased NF-κB activity between 12 and 18 hours by inhibiting the RelA (p65) heterodimer. 

PCR analysis of PSE showed nucleotide changes compared to the published iNOS sequence, 

suggesting that a snigle nucleotide polymorphism (SNP) was present Therefore, a suggested 

molecular mechanism of action for PSE would be the inhibition of NF-κB activity. This 

study highlights the need to investigate the relationship between antioxidant and anti- 

inflammatory properties of a waste by-product that has a potential use as an anti- 

inflammatory agent. 
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CHAPTER1: 

INTRODUCTION 
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Peanuts. Peanuts are cultivated globally with the United States, India and China being 

the top peanut producing countries (Maiti and Wesche-Ebeling, 2002). Peanuts are grown 

primarily as an oil crop in most of the world but are used primarily for the production of 

peanut butter in the U.S. In 2011, the United States produced 3.64 billion pounds of peanuts 

(American Peanut Council 2011). The typical compositions of peanut seeds are 40-50% fat, 

20-30% protein, 10-20% carbohydrates and they are a good source of potassium, phosphorus 

and magnesium (Francisco and Resurreccion, 2008). They also contain vitamin E, niacin, 

folate, calcium, sodium, zinc, iron, riboflavin and thiamine (Francisco and Resurreccion, 

2008). 

 
Peanut Skins. Currently, the seed, which only represents 40% of the entire peanut 

plant, is the most economically important part of the peanut plant (Dean et al. 2008). The 

remaining parts of the peanut plant are typically regarded as waste products and presently 

have very limited uses. Peanut leaves, stems, and roots are most often plowed back into the 

soil after digging, with peanut leaves having some use as animal hay (Almazan and Begum 

1996). During peanut processing, peanut hulls and skins are removed by shelling and 

blanching. These two components have been restricted to usage as animal feed or mulch. 

However, due to the high content of polyphenols in peanut skins (approximately 5-8%), 

peanut skins cannot be used in very high levels in animal feeds (Dean et al. 2008).  The 

content of polyphenolics polymerize with dietary protein making it unavailable for 

absorption (Hill 2002; Sobolev and Cole 2003). Nepote et al. (2002) reported peanut skins 

contain ~150 mg of total polyphenols per gram of defatted dry skin.  The main compounds 
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are catechins, procyanidins and the flavonoids; 5, 7-dihydroxychromone, eriodictyol, and 

luteolin (Bolling et al. 2010). These natural antioxidants which are found in fruits, 

vegetables, grape seeds, grape skins and green tea and have been studied for their potential 

health benefits which includes cancer inhibition, reduction of cardiovascular disease risk and 

anti-inflammatory activities (Bolling et al. 2010; Kim et. al, 2004).  Since the same active 

compounds found in certain fruits and vegetables are also found in peanut skins, it is logical 

to assume that peanut skins would have similar health promoting properties.  Total 

antioxidant activities of skin extracts have been reported to be chemically higher in 

antioxidant potential than green tea (Yu et al. 2006; Wang et al. 2007). They have also been 

reported to be efficient free radical scavengers and metal chelators to prevent the Fenton 

reaction in muscle foods (Walgren et al. 2000; Wang et al. 2007).  Metal-chelating activity is 

important in stabilizing food materials rich in metal ions such as muscle foods, which are 

prone to lipid oxidation (Decker and Welch, 1990).  Van Ha et al. (2007) reported that the 

antioxidants that are present in skins can stabilize bound ferrous ions in muscle foods causing 

inhibition of lipid oxidation. The metal-chelating ability of these antioxidants is related to the 

presence of catechol or galloyl groups (Khokar and Apenten 2003; Moran et al. 1997). 

Flavonoids have been widely reported to possess metal chelation properties (Whitehead et al. 

1995; Fuhrman et al. 1995; Middeton and Kondasmami 1992). However, since these 

compounds vary in structure, only some of these compounds have been reported to have this 

attribute (Perron and Brumaghim 2009). Compounds such as epicatechin, gallic acid and 

quercetin are well known and highly effective metal chelators (Elhabiri et al. 2007; Erdogan 

et al. 2005; Kipton et al. 1982). The compounds listed above have also been reported in 
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peanut skins and would suggest that peanut skins would be great candidates for the 

stabilization of foods containing water and transient metal ions (Van Ha et al. 2007). Despite 

this, peanut skins have not been exploited for their underlying potential as a source of natural 

antioxidants (Sanders et al. 2000). 

These health-promoting compounds can be extracted and used in a variety of food and 

pharmaceutical applications.  Extraction procedures can affect the yield of antioxidant 

compounds (Ballard et al 2009; Van Ha et al. 2007). Extraction of phenolic compounds 

usually involves the use of a weakly acidified alcoholic solvent, followed by concentration 

under vacuum, purification, and separation of the compounds (Mazza and Miniati, 1993). To 

achieve an optimized extraction of phenolic compounds, polar solvents such as aqueous 

methanol, ethanol or acetone have been used for extraction purposes.  Skins that are extracted 

with methanol have been reported to contain 165.5 mg/g total phenolics, while the content of 

total phenols was lower when using other solvents such as ethanol (118 mg/g total phenolics) 

(Van Ha et al. 2007). Ballard et al. (2009) observed a reduction in total phenolics when using 

water as the main solvent for extraction compared to extracts from ethanol and methanol. 

Although the antioxidant activity of peanut skins has been reported (Ballard et al. 2009; Van 

Ha et al. 2007; Nepote et al. 2005, 2002), there are no reports in the literature concerning the 

relationship between antioxidant and anti-inflammatory properties of peanut skins. The 

content of individual phenolics does not reflect the real antioxidant activity of total phenolics 

because of the synergistic interactions that can occur between the active compounds that are 

present (Van Ha et al. 2007; Paur et al 2011). Therefore, it is considered more important to 



5  

study the antioxidant and anti-inflammatory activity of the complex of phenolics in peanut 

skins or their extracts than the activities of single pure phenolic compounds. 

Inflammatory pathways. In order to study the anti-inflammatory effects of 

polyphenolics, the link between inhibition of prostaglandins and antioxidant activity needs to 

be established. Arachidonic acid is a polyunsaturated omega-6 fatty acid that is present in 

cell membranes and is the precursor to Prostaglandin H2 (Matsuyama and Yoshimura, 2008). 

Free arachidonic acid is released when phospholipase A2, present in most membrane cells, 

attacks membrane phospholipids (Davies et al. 1984). As a result, arachidonic acid is 

converted into prostaglandins (PGs), beginning with the formation of prostaglandin H2 

(PGH2). The PGH2 is the immediate precursor of many other prostaglandins and of 

thromboxanes. The PGH2 can be formed by a two-step process via metabolism of the 

cyclooxygenase (COX) pathway (Vane et al. 1998; Davies et al. 1984). In the first step of the 

reaction, COX activity introduces molecular oxygen to convert arachidonate to PGG2, an 

unstable endoperoxide intermediate (Vane et al. 1998). The second step is catalyzed by the 

peroxidase activity of COX, which converts PGG2 to PGH2. PGH2 further breaks down 

nonenzymatically to produce prostaglandins E2 and D2 (PGE2 and PGD2). 

Prostaglandins are key mediators in inflammation and are associated with cancers. 

Prostaglandins (PGs) are a family of messengers that contains 20-carbon atoms and includes 

a 5-carbon ring (Needleman, 1986). In humans, PG’s act on an array of cells thus having a 

wide variety of effects including blood clotting, ovulation, initiation of labor, wound healing, 

immune response, nerve growth and development (Hamberg and Samuelsson, 1971). 

Prostaglandin E2 (PGE2) is the major PG that is produced by macrophages. COX-2 
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expression is induced in response to intrinsic factors, such as cytokines, or extrinsic factor, 

such as lipopolysaccharide (LPS), therefore, leading to the production of PGE2 (Huang and 

Wu, 2002). Several studies have shown that some phenolics in foods may enhance or inhibit 

PG formation and potentially affect the inflammatory response (Han et al. 2007; Halliwell 

and Whitman 2004; Escarpa and Gonzales 2001). For example, in low doses, catechin dimers 

have been reported to have an anti-inflammatory effect by inhibiting PG synthesis (Damas et 

al. 1985). Therefore, it may be useful to investigate the effect of foods and food extracts on 

COX-2 expression and PG formation in terms of the pathophysiological diseases that are 

strongly associated with inflammation. 

The inflammatory pathway studied in this work is the nuclear factor kappaB (NF-κB) 

 
transcription factor pathway. NF-κB plays a vital role in the regulation of immune response 

to infections as it is the central mediator of inflammation. Incorrect regulation of NF-κB has 

been linked to cancer, autoimmune and inflammatory diseases (Makarov, 2001). In order for 

NF-κB to function, it must move to the nucleus. Natural products including antioxidants that 

have been reported to exhibit anti-inflammatory activity also inhibit NF-κB activation.  Paur 

et al. (2011) has reported that extracts from various herb and dietary plants such as oregano, 

walnuts and thyme are efficient inhibitors of NF-κB activation in vivo and in vitro. The NF- 

κB inhibition that they observed was due to rosmarinic acid in thyme and oregano and 

essential fatty acids, linoleic acid, α-linoleic acid (ALA), and polyunsaturated fatty acids 

(PUFA) in walnuts. Polyphenols have been reported to possess anti-inflammatory activity by 

altering NFκB activation (Rahman et al. 2006; 2004). Polyphenolics in green tea such as (-)- 

epigallocatechin-3-gallate (EGCG) has been reported to inhibit tetradecanoylphorbol 13- 
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acetate (TPA) induced DNA binding of NF-κB in vivo (Khan and Mukhtar, 2008).  The 

assumed mechanism of action inhibited IL-1β-mediated IL-1β-receptor-associated kinase 

(IRAK) degradation thereby causing a downstream effect on signaling events promoting 

IRAK degradation. As a result, inhibition of nuclear factor kappa-B kinase (IKK) activation, 

IκBα degradation, and NF-κB activation occurred. In addition, EGCG inhibited 
 
phosphorylation of the p65 subunit of NF-κB (Kundu and other, 2007). 

 
In vitro approach. In order to study these effects, the LPS-induced RAW 264.7 

murine macrophage cell model was used. Macrophage cells are vital to the regulation of 

immune responses and the development of inflammation. Previous studies of inflammation 

have used RAW 264.7 murine macrophage cells because of their ability to enhance 

inflammation by secreting pro-inflammatory factors, such as tumor necrosis factor (TNF) and 

interleukin 1β (IL-1β) (Pallarès et al. 2011; Permana et al. 2006).  The focus of this study is 

to determine the anti-inflammatory and antioxidant effects of peanut skins using this cell 

model. The reduction of pro-inflammatory prostaglandins expressed in RAW 264.7 

macrophage cells will be identified using enzyme-linked immunosorbant assays (ELISA). 

Hypothesis 

1.   Peanut skin extracts contain bioactive compounds that have antioxidant activity and 

anti-inflammatory properties. 

 

2.   An in vitro approach to studying the anti-inflammatory response of peanut skins will 

provide insight into peanut skin extracts’ effectiveness as an anti-inflammatory agent 

that has not been reported. 
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Objectives 

 
The objectives of this research study were as follows: 

 
1.   Optimization of an extraction system for bioactive compounds using polar solvents, 

aqueous ethanol and acetone. 

2.   Determination of the anti-inflammatory activity of bioactive compounds from peanut 

skin by using a murine macrophage cell line induced by lipopolysachharide (LPS) to 

initiate inflammation. 

3.   Determination of peanut skins as anti-inflammatory agents to inhibit 

 
Cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) expression. 

 
4.   Determination of NF-κB as the correct molecular mechanism of action to explain 

 
anti-inflammatory effect of peanut skin extracts. 

 
5.   Comparison of the anti-inflammatory response of peanut skin extracts produced by 

the solvent systems used. 

Significance/Impact 
 

Peanut skins contain high levels of bioactive compounds including catechins and 

procyanidins, which have been shown to have antioxidant properties in chemical assays. 

However, very little evidence has been reported on peanut skins anti-inflammatory 

properties.  Using an in vitro approach to characterize the anti-inflammatory response from 

peanut skin extracts will enhance our knowledge of a less well studied property of this waste 

by-product. This information may also answer the question whether the antioxidant activity 

of peanut skins is related to its effectiveness as an anti-inflammatory agent. Determination of 

the anti-inflammatory properties of peanut skin extracts will directly benefit the peanut 
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industry  by allowing  it to capitalize on the potential  health benefits  of this waste material 

while gaining  additional profit from antioxidant enriched  extracts  useful to food and 

nutraceutical industries. 
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2.1 Introduction 

 
Chronic or noncommunicable diseases (NCD) are one of the leading causes of 

mortality in the world. These diseases include diabetes, heart disease, stroke and cancer. The 

World Health Organization estimated that 35 million people die from chronic disease 

annually (World Health Organization, 2009). Growing evidence suggests the incidence of 

chronic diseases can be linked to a number of factors, including tobacco smoking, lack of 

physical activity and an unhealthy diet consisting of high-calorie foods (Blomhoff, 2005). 

Over 2.7 million deaths are attributed to low fruit and vegetable intake (World Health 

Organization, 2009). Adequate consumption of fruits and vegetables reduces the risk for 

cardiovascular diseases and some cancers: stomach cancer and colorectal cancer (World 

Health Organization, 2009; Lampe, 1999). There is evidence that the consumption of 

processed foods that are high in fats and sugars contributes to mortality and helps to promote 

obesity compared to consumption of fruits and vegetables (Blomhoff, 2005).  Fruits and 

vegetables as part of the daily diet may help prevent NCD (World Health Organization, 

2009). It has been reported that consumption of various vegetables and fruits provides an 

adequate intake of most micronutrients, dietary fibers and a host of essential non-nutrient 

substances (World Health Organization, 2009).  If these major risk factors associated with 

NCD’s were to be eliminated, at least 80% of heart disease, stroke and type 2 diabetes could 

be prevented (World Health Organization, 2009). 

Research has shown that consumption of plant-based foods may have the ability to 

suppress the pathologies linked to several chronic diseases (Scalbert et al. 2000; Escarpa et 

al. 2001; Kris-Etherton et al. 2002). Moreover, plant-based compounds known as 
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polyphenols have been shown to have therapeutic properties that aid against chronic diseases 

mainly from their free radical scavenging and metal chelating properties as well as their 

effects on cell signaling pathways and gene expression (Prakash and Kumar, 2011; Tiwari, 

2001). 

 
Polyphenols have antioxidant properties as well as anti-microbial, anti-inflammatory, 

anti-cancer and anti-allergic properties.  Over one million natural polyphenols exist but vary 

in chemical structure (Hermann, 1976; Wollenweber, 1981). Polyphenols are defined as a 

group of chemical substances characterized by the presence of having more than one phenol 

group. Various hypotheses have been suggested for the protective effects of polyphenols in 

animal models and in vitro model systems (Arts and Hollman, 2005).  Some of these effects 

include regulation of nitric oxide, trapping and scavenging of free radicals and activation of 

apoptosis (Arts and Hollman, 2005). Classes of polyphenols include flavonoids, 

anthocyanidins, phenols, and stillbenes amongst others. Polyphenols generally occur as 

glycosides with sugar moieties; however, these moieties can vary with binding forms. 

Bioactivity of polyphenols is attributed to agylcon structures and hydrogen-donating 

properties of the phenolic hydroxyl groups (Blomhoff, 2005; Sakakiara et al. 2003). 

Antioxidant potency is due mainly to the catechol structure in aglycons (Ashida et al. 2000). 

Therefore, specificity of interaction with proteins is contingent on the steric structures of the 

aglycons, which may be governed by noncovalent binding (Sakakiara et al. 2003). 

Polyphenols can be found in vegetables, fruits and teas, nuts and legumes, especially 

peanuts (Talcott et al. 2005; Yu et al. 2005; Mazur et al. 1998).  Polyphenols are classified as 

natural antioxidants and are shown to possess potential health benefits by preventing 
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degenerative diseases such as cardiovascular disease and cancer through antioxidant action 

and/or the modulation of several protein functions (Blomhoff, 2005). Natural antioxidants 

including resveratrol, catechins and anthocyanins found in red wine and grapes have been 

shown to lower the risk of cardiovascular diseases (Rice Evans et al. 1996; Renaud and de 

Lorgeril, 1992). 

Peanuts were once stigmatized as a high fat food and not included in diets for persons 

who had caloric restrictions. Many varieties of nuts and legumes have a high amount of fat 

(e.g. pecan: 70%, macadamia nut: 66%, Brazil nut: 65%, peanut: 50%, peanut butter: 55%) 

as well as significant protein levels (10-30% range) (Blomhoff et al. 2006).  In the past few 

decades, nuts and legumes have received a great deal of recognition for containing 

potentially rich antioxidant compounds as well as containing ratios of saturated, 

monsaturated and polyunsaturated fatty acids (MUFA’s and PUFA’s) that may have positive 

health effects (Kris-Etherton et al. 2008; Emekli-Alturfan et al. 2007; Alper et al. 2003; Chen 

et al. 2002).  According to the USDA database, 100 g of peanut oil contains 16.9 g 

of saturated fat, 46.2 g of monounsaturated, and 32 g of polyunsaturated fat (USDA, 2011). 

Jackson et al. (1978) reported that oils containing high content of MUFA’s such as oleic acid 

are more stable to oxidative damage during refining and storage. On the other hand, Kratz et 

al. (2002) describes linoleic acid, a PUFA as more susceptible to oxidative rancidity than 

oleic acid because it contains two double bonds.  However, linoleic acid, an essential fatty 

acid, has been reported to lower total blood cholesterol and LDL levels, which is vital for 

human health (Bolling et al. 2010; Chen and Blumberg, 2008; Chen et al. 2002; Ellsworth et 

al. 2001; Francisco and Resurreccion, 2008; Jenkins et al. 2008; Jiang et al. 2006). The long 
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term stability of peanut oil may also be associated with the antioxidant substances 

 
(tocopherols and polyphenols) present in peanut oil as minor components. 

 
Researchers have found that peanut consumption provides health benefits such as 

prevention against cardiovascular disease and cancer inhibition (Isanga and Zhang, 2007). 

Jiang et al. (2006) has addressed this issue by directly evaluating nut and peanut butter 

consumption on the risk of developing type 2 diabetes. This study showed that there is an 

inverse association between nut consumption and type 2 diabetes risks. Persons who 

consumed nuts five times or more per week lowered their risks of developing diabetes by 

27% compared to those who rarely or never ate nuts. Consumption of peanut butter has also 

been shown to lower the risk of developing diabetes.  Persons who had a higher intake of 

peanut butter, greater than five times per week, had a lower risk of diabetes.  This provides 

even greater evidence that the ratio of monounsaturated and polyunsaturated fatty acids in 

peanuts may be more beneficial than originally thought. 

This evidence not only shows that nuts are not detrimental but may serve a role in 

reducing risks of coronary heart disease and possibly diabetes. It has been reported that 

several important components from whole nuts such as lipids are poorly absorbed and this 

was attributed to the cell wall structures in nuts (Jiang et al. 2006). Therefore, it is important 

to investigate the relationship of nutrient bioavailability and bioaccessibility in whole nuts. 

To our knowledge there is no existing knowledge documenting this relationship. 

Dietary Polyphenolics and Polyphenolic Classes 
 

Dietary polyphenols are found naturally in fruits and vegetables. They are the most 

abundant antioxidants in the human diet with over 8,000 structural variants (Han et al. 2007). 
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Plant phenolics are used in the defense against UV radiation as well as aggression by 

pathogens and parasites. However, plant phenolics also serve as a contributor to a plant’s 

color (Dai and Mumper 2010). They are ubiquitous in plant organs and are therefore an 

important part of the human diet. Phenolics are of great importance for cellular support 

(Strack 1997). They form polymeric materials such as lignins and suberins for cell wall 

support as well as providing barriers against microbial invasion (Strack 1997). Three 

different routes have been reported to produce plant phenolics: 

1.   shikimate/arogenate pathway 

 
2.   acetate/malonate pathway (polyketide) 

 
3.   acetate/mevalonate pathway. 

 
The skimiate/ arogenate pathway produces the majority of plant phenolics, phenylpropane 

derivatives (phenylpropanoids) (Strack 1997). Some phenolics, such as hydroxybenzoate 

gallate, are formed from intermediates of this pathway. This pathway is found only in 

microorganisms and plants (Herrmann and Weaver 1999).  The acetate/molanate pathway 

leads to formation of some plant quinones and a large group of flavonoids (Strack 1997). The 

acetate/mevalonate pathway via dehydrogenation reactions leads to some aromatic 

terpenoids, mostly monoterpenes (Strack 1997).  The shikimate/arogenate and polyketide 

pathways are the most important for the biosynthesis of plant phenolics (Strack 1997). 

Polyphenols are very diverse in structure and comprised of various classes such as 

flavonoids, anthraquinones and simple polyphenols. The most significant function of 

phenolic flavonoids, in particular anthocyanins, combined with flavones and flavonols as co- 

pigments, is their contribution to flower and fruit colors. However, flavonoids have also been 
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reported to act as signal molecules for certain members of leguminous plants (Mandal et al. 

 
2010). These plants secrete flavonoids, which act selectively as inducers of nodulation (nod) 

regulatory proteins (Fox et al 2001). As a result, nod gene products gives rise to the 

formation of root nodules, which enables the plant to use atmospheric nitrogen through the 

action of nitrogenase, a bacterial nitrogen-activating enzyme (Zawooznik et al 2001). 

Phenolics are also of great importance to humans because they are good sources of natural 

antioxidants. 

Flavonoids 
 
 

Flavonoids are benzo-γ-pyrone derivatives consisting of phenolic and pyrane rings 

(Heim et al 2002; Hollman et al. 2000). They are the largest class of compounds and can be 

found in the leaves, seeds, bark and flowers of plants distributed throughout the plant 

kingdom.  Flavonoids are responsible for the color of fruits and vegetables and can have 

various functions in nature. Flavonoids are comprised of six classes: anthocyanins, a 

glycosylated derivative of anthocyanidin and anthoxanthins, flavones, flavanones, flavanol, 

flavonol and isoflavone based on its saturation level and pattern of substitution on the C ring 

(Cao et al. 1997; Williams et al. 2004). Anthoxanthins are a group of colorless compounds 

and are further divided into several categories including flavones, flavans, flavonols, 

flavanols, isoflavones and their glycosides (Han et al. 2007). Representative compounds of 

flavanols are myricetin and quercetin. Flavonoids are classifed according to their 

substituents, described in Figure 1 as R1, R2 and R3. Dietary flavonoids differ in their 

arrangement of hydroxyl, methoxy and glycosidic side groups as well as its conjugation 

between the A and B-rings seen in Figure 1. During metabolism, hydroxyl groups are added, 
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methylated, sulfated or glucuronidated. In food, flavonoids primarily exist as 3-O-glycosides 

and polymers (Hammerstone et al. 2000). The spatial arragement of substituents is a greater 

determinant of antioxidant activity than the flavan backbone activity (Heim et al. 2002). 

Configuration and total number of hydroxyl groups influence several mechanisms of 

antioxidant activity (Sekher Pannala et al. 2001; Burda and Oleszek 2001; Cao et al. 1997). 

Flavones have the basic structure consisting of the three phenolic rings. Flavonols have the 

basic structure but differs from flavones as it has a hydroxyl group at the 3-position. The 

other subclasses of flavonoids have a variety of substitutions involving hydroxyl and/or 

methoxyl groups. Simple polyphenols include two subclasses: cinnamic and benzoic acids. A 

few examples of the subclass cinnamic acid are coumaric, ferulic and caffeic acids. 

Protocatechuric, gallic and vanillic acids are examples of benzoic acids, respectively. 
 

 
 
 
 
 
 

R2 

 

OH 
 

 

HO  O 
R3 

 
R1 

 

OH  O 
 
 

Figure 1: General Structure of Flavonoid. 
 

 
 
 
 

Flavonoids exhibit antimicrobial and antioxidant activity along with prevention of 

diseases especially cardiovascular disease. The ability of flavanoids to scavenge free radicals 



20  

is due to the multiple OH substitutions present in their structure (Cao et al. 1997). The 

investigation of flavonoids present in peanuts began when studies indicated that peanuts 

might reduce the risk of cardiovascular disease. Their biological and pharmacological effect 

on human physiology has been studied. Blomhoff et al. (2006) reviewed the antioxidant 

capacity of dietary plants including legumes. They reported that several nuts are among the 

dietary plants that had a high antioxidant content including walnuts, pecans and chestnuts. 

However, they stated that peanuts, a legume, also contributed significantly to having a 

dietary intake of antioxidants by being rich in flavonoids.  Yang et al. (2005) determined the 

total flavonoid contents of both soluble and bound forms of ten nuts (walnuts, pecans, 

pistachios, etc.) commonly consumed in the U. S. including peanuts. Although walnuts had 

the highest flavonoid content (745 ± 93 mg/100g) peanuts had a significant amount of total 

flavonoid content. More than 15 polyphenolics have been identified in peanuts (Duke 1992). 

Fajardo, Waniska, Cuero and Petit (1995) observed a stress-elicited synthesis of free and 

bound phenolics in peanuts, with p-coumaric and ferulic acid as the major compounds 

identified. Prior and Gu (2005) further investigated the proanthocyanidins content of the ten 

nuts from the Yang et al. (2005) study in terms of interflavan linkage, degree of 

polymerization and percentage of polymers. They concluded hazelnuts had the highest 

amount of proanthocyanidin content (500.7 ± 152.0 mg/100 g proanthocyanidin) unlike 

peanuts, which were reported to contain 15.6 ± 2.7 mg/100 g proanthocyanidin.  Mazur et al. 

 

(1998) and Mazur (1998) analyzed the isoflavonoid content of food legumes, with genistein 

being the primary isoflavone present in peanuts (64 µg/100g). The peanut seed itself is not 

the only source of flavonoids. Outer layers such as the skin, shell or hull contain a larger 
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amount of polyphenolic compounds to protect the seed (Francisco and Resurreccion, 2008). 

 

Tannins 

 
Proanthocyanidins generally referred to as “tannins”, are responsible for the bitter or 

astringency taste in red wines. These compounds are noted to be especially concentrated in 

the skin and seeds of fruits. Proanthocyanidins are the second most abundant natural phenolic 

compound (Gu et al. 2003). The proanthocyanidin structure is composed of oligomers of 

flavan-3-ol monomer units linked mainly through C4→C8 bonds. One of the classes of 

proanthocyanidins is procyanidins. Procyanidins contain chains of (+)-catechin and (-)- 

epitcatechin units and its gallic acid esters. They are linked by carbon-carbon and 

occasionally carbon-oxygen-carbon bonds. A-type proanthocyanidins consist of an additional 

 
ether bond between C2→O7 (Figure 4). C4→C6 linkages are also present and are known as 

 
B-type proanthocyanidins (Figure 2). 
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Figure 2: Structure of A and B-type proanthocyanidin. 
 
 

 

Rasmussen et al. (2005) reported that most plant-based foods contain B-type procyanidins. 

Gu et al. (2003) reported that A-type procyanidins could be found in peanuts, plums, 
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avocado, curry and cinnamon. Karchesy and Hemingway (1986) reported that peanut skins 

contain about 17% by weight of procyanidins, nearly 50% of which are low molecular 

weight oligomers. Lou et al. (1999) identified six water-soluble A-type procyanidins from 

peanut skins. Peanut skins have also been demonstrated to be a rich source of catechins, B- 

type procyanidin dimers, procyanidin trimers, tetramers and oligomers but with a higher 

degree of polymerization (Yu et al. 2006). Procyanidins and total phenolic content in peanut 

skins were shown to have a higher total antioxidant activity (TAA) and free radical 

scavenging capacity than vitamin C at equivalent concentrations. That study also indicated 

that due to these characteristics, peanut skins are an excellent yet inexpensive source of 

health promoting phenolics.  Higher concentrations of these compounds have been measured 

in raw peanut skins compared to roasted skins (Yu et al. 2006). Isanga and Zhang (2007) 

reported that there is a higher amount of catechin in raw peanut skins compared to roasted 

skins as seen in Table 1. Total catechins, procyanidin dimers, trimers and tetramers measured 

in raw peanut skins as 16.1, 111.3, 221.3 and 296.1 mg/100 g compared to 8.8, 143.5, 157.53 

and 203.9 mg/100 g in roasted dry skin. Constanza et al. (2012) measured antioxidant 

capacity in spray dried peanut skin extracts. Among the polyphenolic compounds extracted 

and concentrated using spray drying, procyanidins were the most abundant. 
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Table 1. Total procyanidin composition of peanut skins and grape seeds (mg/100 g dry 

sample).  NR=not reported. 
a
Yu et al (2006). 

b 
Fuleki and Ricardo da Silva (1997). 

 
 

Source Type Procyanidin 

monomers 

(catechins) 

Procyanidin 

dimers 

Procyanidin 

trimers 

Procyani 

din 

tetramers 

Peanut skin 
a
  

jhyh 

 

 

 

 

 

 

 

Untreated 16 111 221 296 

 Roasted 9 144 158 204 

Grape seeds 

varieties b 

Cabernet 

franc 

232 169 26 NR 

 Cabernet 125 95 32 NR 

 Gamay 228 375 67 NR 

 Merlot 143 97 23 NR 

 Pinot noir 437 235 84 NR 

 Chardonnay 141 126 9 NR 

 Riesling 49 54 7 NR 

 
 
 
 

 
Bagchi et al. (1998) reported that when procyanidins from grape seeds were consumed in 

an animal model study, data showed that chemically induced LDL peroxidation occurred. 

DNA fragmentation and subsequent apoptosis were also inhibited. Natella (2002) reported 

that the same occurrence could be displayed in humans who consume a diet rich in grape 

seeds. Procyanidins that were measured in grape seeds decreased lipid peroxidation of 

LDL cholesterol levels while increasing radical scavenging capacity.  These same 

compounds are reported in peanut skins. 
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Proanthocyanidins are widely present in fruits, berries, nuts, wine and beer and have 

been reported to possess a variety of physiological activities such as antioxidant, antimicrobial, 

as well as enzyme inhibition and receptor blocking (Gu et al. 2002). These classes of 

compounds are often characterized as having a basic phenol ring and when present in skins, 

they most often are present as multiple-ring structures known as monomers, dimers, trimers, 

tetramers, and oligomers. Although both possess similarities in structure, these compounds are 

often referred to as flavonoids and further subdivided into some 14 different classes depending 

on the specific ring structure. All of these compounds are characterized as containing one or 

more attached hydroxyl group and it is the presence of multiple hydroxyl groups that designates 

these compounds as potent antioxidants. 

As antioxidants, procyanidins have been demonstrated to solicit a variety of 

biological responses associated with free radical scavenging activities including anti- 

inflammatory activity, anti-tumor anti-microbial, apoptosis, angiogenesis, etc. Numerous 

studies have been conducted using both in-vitro cell culture models and animal models, in 

which the activities of procyanidins prevented cancer growth, were effective in preventing 

the oxidation of LDL-cholesterol, protected the activity of natural in-vivo antioxidants such 

as glutathione peroxidase, and prevented tumor growth in artificially induced cancers (Rice- 

Evans and Packer, 2003; Rice-Evans et al. 1995). These studies have been demonstrated in a 

variety of fruits and vegetables as well as documented in peanuts (Yen and Duh, 1994). 

Studies on the identification of catechins have been most commonly done using tea, in 

 

particular in green tea. Eighty percent of the total flavonoid content in tea is comprised of  
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catechins, which constitute up to 30% of dry leaf weight (Ho 1992). The catechins found in  

green tea include epicatechin (EC), epigallocatechin (EGC), epigallocatechin-gallate (EGCG) 

and epicatechin-gallate (ECG) (Yu et al. 2006; Fuleki and Ricardo da Silva, 1997). These 

same groups of compounds are also found in peanut skins (Table 1). 

 

Ethyl Protocatechuate 
 
 

Huang et al. (2003) isolated ethyl protocatechuate from peanut skins (Figure 3). Yen 

et al. (2005) observed the antioxidant activity of ethyl protocatechuate in ethanolic extracts 

of peanut seed testa. It was found that extracts and antioxidant potency have a dose-

dependent activity on the inhibition of liposome peroxidation.  This relationship was shown 

to be effective in protecting protein against oxidative damage when 50-500 mg/L of 

ethanolic extracts of peanut seed testa and ethyl protocatechuate were used (Yen et al. 

2005). Both ethanolic extracts of peanut seed testa and ethyl protocatechuate showed a 

scavenging effect of 92.6 and 84.6 % respectively on α,α-diphenyl-β-picrylhydrazyl radical. 

This would indicate that they could take on the role of primary antioxidants. 
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Figure 3: Structure of Ethyl Protocatechuate. 
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Huang et al. (2003) showed that ethyl protocatechuate plays a role in preventing lipid 

oxidation and contributes to the antioxidant activity of ethanol extracts of peanut seed testa. 

Table 2 shows the antioxidant activity and yields of peanut seed testa extracted with various 

solvent systems. Out of all the solvents used, ethanol produced the highest yield followed 

bymethanol, acetone, ethyl acetate and hexane respectively.  The antioxidant activities of 

each solvent extract were compared to commercial antioxidants dl-α-tocopherol (Toc) and 

butylhydroxl anisole (BHA), which is shown in Table 2 (Isanga and Zhang, 2007).  Among 

the five extracts, the ethanol extract at 200 ppm was demonstrated to have the highest 

antioxidant activity (Huang et al. 2003). The extract was even higher than Toc at 200 ppm. 

 
 
 

Table 2. Yield and antioxidant activity of peanut seed testa extracted with various 

solvents (Isanga and Zhang 2007). 
 

 
Sam

ple
a
 

Yield
B

 

(mg) 

Antioxidant 

 

activity
c–e 

(%) 

MEPST, methanol extracts of peanut seed testa 212.4 93.5 

EEPST, ethanol extractsof peanut testa 252.8 95.8 

AEPST, acetone extracts of peanut seed testa 199.0 3.0 

HEPST, hexane extracts of peanut seed testa 35.1 3.0 

EAEPST, ethyl acetate extracts of peanut seed testa 90.4 0.3 

BHA  76.1 

Toc  99.0 
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Hsieh et al. (2001) reported that ethyl protocatechuate was a major source of the inhibitory 

effect against LDL oxidative modification induced by Cu
2+ 

ions. This role was demonstrated 

to be effective when ethyl protocatechuate was used as an antioxidizing agent in rat liver 

against diethylnitrosamine and in rat oral cavity against 4-nitroquinoline-1-oxide (Tanaka et 

al. 1993; Tanaka et al. 1994). Hence, this compound protects these organs against damaging 

effects of free radicals.  Research has shown that ethyl protocatechuate could be used in food 

preservation and can protect lipids against oxidation (Isanga and Zhang, 2007). However, an 

overdose of 500 mg/kg of ethyl protocatechuate can enhance tumorigenesis, induce 

hypersensitivity in mouse skin, and disturb the detoxification of ultimate carcinogens 

(Nakamura et al. 2001, 2003). Therefore, before the use of ethyl protocatechuate as a food 

additive or phytochemical agent, safety and toxicology measures should be extensively 

studied. 

Polyphenols and Structure-Function Relationship 

 
Free radical scavenging and antioxidant activity of phenolics is contingent on the 

arrangement of functional groups in the compound (Williams et al. 2004). The number and 

configuration of H-donating hydroxyl groups influences a polyphenol’s antioxidant activity 

(Williams et al. 2004). For example, the antioxidant activity of proanthocyanidin dimers is 

attributed to its hydroxyl groups, which can donate hydrogen electrons (Williams et al. 

2004). This is also seen in flavonoids, which consists of A and C rings of benzo-1-pyran-4- 

quinone and a B ring, commonly known for their antioxidant activity. Figure 4 shows the 

structure of quercetin, the most common and biologically active flavonol that possesses 

important features that define antioxidant activity.  The presence of the B-ring is capable of  
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donating hydrogen to stabilize radical species.  Other structural features that are important 

are the presence of unsaturation in the C-ring, the 4-keto group and the 3-hydroxyl moiety in 

the C-ring. These features are important for electron delocalization, especially when the o-

dihydroxy group in the B-ring is present (Williams et al. 2004). Among the monomeric 

flavan-3-ols, a reduced number of hydroxyl groups results in lower antioxidant activity 

whereas; higher antioxidant activity is seen in gallate molecules. This is due to the presence 

of gallayl moieties that are attached to the flavan-3-ol at the 3-position (Soobrattee et al. 

2005). 
 
 
 
 

 
 
 

Figure 4: Structure of the flavonol: quercetin and highlighted features of flavonoid antioxidant activity 

(Soobrattee et al., 2005). 
 
 
 
 

Antioxidant activity is one of the most studied areas in regards to the bioactivity of 

phenolic compounds. Studies have shown that the consumption of fruits and vegetables can  

reduce the risks of cardiovascular disease, diabetes and cancer, through the biological actions  
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of phenolic components as well as antioxidant vitamins (Proteggente et al. 2002; Ahmad et 

al. 2001; De Beer et al. 2003). Pure phenolic compounds have the ability to scavenge free 

radicals in vitro. This has been demonstrated with both synthetic free radicals such as (2, 2- 

diphenyl-1-picrylhydrazyl) (DPPH) as well as with relevant superoxides, peroxyl and hydroxyl 

radicals (Proteggente et al. 2002). 

Peanuts 

 
Peanuts (Arachis hypogea) are grown all over the world (Maiti and Wesche-Ebeling, 

 

 

2002). The peanut is native to the Western hemisphere and is able to grow in tropical and 

subtropical regions between 25-28 °C and about 500 mm rainfall in open soil (Maiti and 

Wesche-Ebeling, 2002). They have a high nutritional value and are unique in being the only 

legume to grow below ground as seen in Figure 5. What makes the peanut different from 

other nuts is its ability to adapt to a diversity of climates around the world due to its being a 

soil-enriching, nitrogen-fixing legume. Peanuts are an important crop in the Southeastern 

United States as well as other regions worldwide.  They are very inexpensive and are used as 

a food source for diets in rural populations, such as Nigeria (Bankole and Eseigbe, 2004). 

The United States, India and China are the world’s leading peanut producers. In the 

United States, nine states account for 99% of all peanut grown: Georgia, North and South 

Carolina, Alabama, Florida, Virginia, Texas, Oklahoma and New Mexico. Of these nine 

states, Georgia accounts for 41% of the production followed by Texas (24%), Alabama 

(10%), North Carolina (9%), Florida (6%), Virginia (5%) and Oklahoma (5%) (American 

Peanut Council, 2006). Other countries utilize peanuts mainly for oil production while the  

United States accounts for 50-60% of the edible market (Isanga and Zhang, 2007). 
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Figure 5: Peanut plant  http://www.americasbestnutco.com/generalinfo.html. 
 

 
 
 
 

Peanuts serve various purposes as food (raw, roasted or boiled seeds and oil), animal 

feed and industrial raw material (soap and cosmetics). In the United States edible parts of the 

peanut include the kernel and protective skin and are used to make roasted peanut snacks, 

peanut oil, and peanut butter among others. There are four market types of peanuts grown in 

the United States: runner, virginia, spanish and valencia (Maiti and Wesche-Ebeling, 2002). 

Runner peanuts have become the dominant type since the 1940’s in the southeastern region 

of the United States and are used for peanut butter and salted peanuts. The virginia type is 

known for its large seed and accounts for most of the peanuts roasted and eaten as in-shells. 

Valencia varieties may contain three or more bright red seeds in a single pod and are grown 

mostly in the Southwest (American Peanut Council, 2006). This variety is preferred for 

boiled peanuts and can be sold as roasted and salted in-shell peanuts. 

http://www.americasbestnutco.com/generalinfo.html
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Polyphenolic compounds in peanuts 

 
There is evidence that peanuts could be a major food source with antioxidant 

potential. Peanuts are a natural source of antioxidants containing several flavonoids as well 

as containing resveratrol at levels comparable to tree nuts such as pistachios, therefore, 

providing free radical scavenging activity (Lou et al. 2004).  Resveratrol levels in peanuts 

range from 3 to 193 μg/100g in peanuts. This range is comparable to that reported in 

pistachios (9 to 162 μg/100g) (Lou et al. 2004). Peanuts have also been reported to contain 

isoflavones (Yu et al. 2006). Other antioxidant compounds that have been reported in peanuts 

are proanthocyanidins.  Peanut proanthocyanidins mainly consist of (+)-catechin and (-)- 

epicatechin and afzelechin (Liu et al. 2011; Lou et al. 1999).  A-type proanthocyanidins, 

4β→8 and 2β→O→7 interflavanoid bonds, have been found only in almonds and peanuts 

 
(Bolling et al. 2010). 

 
Stilbene phytoalexins have been isolated from the extracts of germinating seeds or 

from stems of peanuts.  Cis- and trans-isomers of stilbene derivatives that are closely related 

to 3, 4, 5-trihydroxy-4- isopentenylstilbene were reported (Ingham, 1976). Two related but 

distinct compounds from the fungus-infected plant embryos of an African-grown cultivar of 

peanut and identified as cis- and trans-3,4,5-trihydroxystilbene (resveratrol). 

Isopentenylstilbenes and resveratrol are stilbene phytoalexins elicited in the peanut seeds by 

wounding, usually by slicing, and incubating the seed slices in the dark (Hart, 1981; Dorner 

et al. 1989; Basha et al. 1990; Mohanty et al. 1991; Arora and Strange 1991). These 

compounds provide free radical scavenging activity (Chen et al. 2008). These same 

compounds are also found in peanut skins. Nepote et al. (2002) found that peanut skins 
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contain ~150 mg of total polyphenols per gram of defatted dry skin. In some instances, total 

antioxidant activities of skin extracts were reported to be higher in antioxidant potential than 

in green tea (Yu et al. 2006). 

Blomhoff et al. (2006) analyzed total antioxidant content (TAC) in a variety of edible 

plants and nuts. This analysis demonstrated that although walnuts contain a high amount of 

antioxidants, more than 20 mmol antioxidants per 100 g, peanuts are also rich in total 

antioxidants with an average value of 1.3 mmol per 100 g.  Most of these antioxidants are 

located in the skin and less than 50% of antioxidant compounds are retained when the skin is 

removed (Blomhoff et al. 2006). Therefore, peanuts stored without the shell contain less 

antioxidant than nuts with the skin (Blomhoff et al. 2006). 

Peanut Skins 
 

Edible parts of the peanut consist of the kernel and the protective skin. This coating is 

removed from the kernels prior to application in snack products (Van Ha, 2007). Peanuts 

skins or testae have long been regarded as being a low economic waste by-product of the 

peanut industry.  Skins are used as animal feed and are sold inexpensively.  Based on world 

in-shell peanut production, 29 million tons of peanuts are produced with an average skin 

content of 2.6% (Sobolev and Cole, 2003).  It has been reported that peanut skins’ 

commercial value ranges from $12 to $20 per ton (Francisco and Resurreccion, 2008). Out of 

the 29 million tons that are used, world production of peanut skins can be estimated at one 

million tons annually.  Dry blanching is the most commonly used practice to separate skins 

from peanut kernels (Didzbalis et al. 2004; Sobolev and Cole, 2003. Blanching temperatures 

can range from 94 °C (Didzbalis et al. 2004) to 175 °C (Yu et al. 2005). Heating times with 
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this range of temperatures has been observed ranging from 5 min (Yu et al., 2005) to 25 min 

(Woodroof 1983).  During heat treatment, the brown peanut color that is formed increases 

due to sugar-amino acid reactions, maillard browning, with subsequent production of 

melanoidins (Sobolev and Cole 2004). The products that are formed, “maillard reaction 

productions” (MRPS) especially melanoidins, possess antioxidant activity through 

scavenging oxygen radicals or chelating metals (Yilmaz and Toledo 2005). Therefore, heat 

increases the antioxidant capacity of peanut skins. The raw peanut skin color can be 

attributed to tannins and catechol-type compounds (Sobolev and Cole 2004). 

Peanut skin removal as well as roasting can affect the phenolic composition. Roasting 

decreases the proanthocyanidin content of monomers, trimers and tetramers by 29-54% in 

peanut skins (Tatsuno et al. 2012; Bolling et al. 2010). Yu et al. (2006) confirmed that 

roasting, a common practice in the peanut industry used to remove peanut skins, yields 

comparable total phenolic concentration and potency in skins that are produced in the direct 

peeling skin method.  Roasting was reported to have had the least effect on total phenolics 

and procyanidin composition (Hwang et al. 2001; Yu et al. 2006). Blanching had the most 

impact compared to direct peeling. Jean et al. (2001) reported that peanut roasting can 

increase the content of total phenolics in both kernels and in skins (Jianmei et al. 2005). Yu 

et al. (2006) reported that the concentration of total phenolics and procyanidins of indirectly 

peeled and roasted peanut skin are compatible to those of grape seeds. Despite this, peanut 

skins have not been used for their underlying potential as a natural source of antioxidants. In 

traditional Chinese medicine, peanut skins are used to treat chronic hemorrhage and 

bronchitis (Wang, 2007). Peanut skins are known for their astringent taste; however, research 
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has shown that peanut consumption provides potential health benefits (Kris-Etherton et al. 

 
2008; Francisco and Resurreccion, 2008).  Peanut skins have been reported as being efficient 

free radical scavengers and metal chelators making them candidates for the stabilization of 

foods containing water and transient metal ions (Van Ha et al. 2007). 

Phenolic Composition of Peanut Skins 
 

Extraction of phenolic compounds usually involves the use of a weakly acidified 

alcoholic solvent, followed by concentration under vacuum, purification, and separation of 

the compounds (Mazza and Miniati, 1993). Nepote et al. (2002) reported peanut skins to 

have a range of 144.1 to 158.6 mg/ g of total phenolics as well as various compounds 

including carbohydrates. Total phenolics are increased during the roasting process. Roasting 

results in phenolic complexes being formed from the Maillard reaction, contributing to 

higher absorbance readings (Yu et al. 2005). The solvents used for extraction can also affect 

total phenolics concentration. Ethanol and methanol have been shown to be the most 

effective in extracting phenolics from peanut skins than water. Yu et al. (2004) reported that 

80% ethanol as being the most effective. Nepote et al. (2002) extracted peanut skins with 

methanol, ethanol, acetone and water. It was reported that the highest total phenolic levels 

were detected in the methanol (158.8 mg/g) and ethanol (144.1 mg/g) extracts, respectively. 

Extraction procedures affect the yield of antioxidant compounds. To achieve an 

optimized extraction of phenolic compounds, polar solvents such as aqueous methanol, 

ethanol or acetone are used for extraction purposes.  Skins that are extracted with methanol 

have been reported to contain 165.5 mg/g total phenolics, while the content of total phenols 

was lower when using other solvents (Van Ha et al. 2007). Extraction of phenolic compounds 
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using water alone is less efficient as it does not increase the total phenolic yield and free 

radical activity as reported by Ballard et al. (2009).  Lee et al. (2006) reported that methanol 

extracts of peanut skins contained 165.5 mg/g total phenols while the content of total phenols 

was lower in other solvents. Ethyl acetate extracts have also been shown to be rich in total 

phenolics (Van Ha et al. 2007). That study reported that 2.3% of total phenolics were 

recovered from peanut skins when extracted with ethyl acetate. Nepote et al. (2005) reported 

that a small addition of water to the solvent during extraction could increase the yield of 

phenolics, which contain free phenolic acids and their esters, flavonoids and catechins. 

Ballard et al. (2009) used response surface methodology to estimate the optimum extraction 

conditions for the following solvents: methanol, ethanol, and water. It was determined that 

ethanol extracts had the highest total phenol concentrations of 118 mg of gallic acid 

equivalents followed by methanol and water.  Ballard et al. (2009) reported that fewer 

phenolic compounds were extracted at higher concentrations of ethanol, which affects the 

phenolic compounds extracted in peanut skin extract ability to scavenge peroxyl radicals. Out 

of all of the phenolic antioxidants, proanthocyanidins and catechins make up the bulk in 

peanut skins by 25.19% (Van Ha et al. 2007).  Proanthocyanidins are the primary source for 

free radical scavenging activity in peanut skins (Hongxiang et al. 2004). Table 3 shows that 

regardless of the solvent system that is used for extraction, in this case ethanol and water, 

total antioxidant activity in skin extracts were higher than green tea extracts at equal 

concentrations (Yu et al. 2005). 
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Table 3: Comparison of total antioxidant activity (TAA)
a 

of peanut skin and green tea 
extracts. a

TAA expressed as trolox equivalent antioxidant capacity (mM Trolox per mM of total 

phenolics).
b
Values are means of 3 replications± standard deviations. (Yu et al. 2005). 

 
 

 
Water extracts

b
 Ethanol extracts

b
 

 Directly peeled skin 3.4 4.1 

 Roasted skin 3.3 3.7 

 Green tea 1.9 2.5 

 
 
 
 
 

The peanut kernel has been reported to have a high total antioxidant content (TAC), 

however, there is a higher amount in the skin (Sanders et al. 2000).  Peanut skin extracts have 

been shown to have a higher total antioxidant activity and free radical scavenging capacity 

than Trolox and Vitamin C. Phenolic fractions from skins consist of phenolic acids, such as 

caffeic, flavonoids, procyanidins, catechins and small amounts of resveratrol (Yu et al. 

2006). In some instances, the total antioxidant activities of skin extracts were demonstrated to 

be chemically higher in antioxidant potential than in green tea infusions (Yu et al. 2006). 

Skins are rich in catechins and procyanidins and contain three flavonoids including 5, 7- 

dihydroxychromone, eriodictyol and luteolin (Monagas et al. 2009; Ballard et al. 2009; Yu et 

al. 2006; Karchesy et al, 1986). These natural antioxidants which are found in fruits, 

vegetables, grape seeds, grape skins and green tea have been extensively studied for their 

health promoting abilities including cancer inhibition, reduction against cardiovascular 

disease and anti-inflammatory activities. This would suggest that the same antioxidant 

properties found in fruits and vegetables may have the same potential effect found in peanut 

skins. These compounds could be extracted and potentially utilized in a variety of food and 

pharmaceutical applications. 
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Chromatography Techniques 

 
Liquid chromatography (LC) is a separation technique that uses a liquid as the mobile 

phase. Samples are separated into analytes by distribution between the mobile phase and the 

stationary phase. Extraction techniques that utilize complete extractions of phenolic 

compounds are often quite tedious (Pinelo et al. 2006). Monagas et al. (2009) used the 

Sephadex LH-20 technique to extract high and low molecular weight polyphenolics in 

almond, hazelnut and peanut skins. They reported that peanut skins high molecular weight 

fractions were more abundant in total polyphenol and tannin content than the whole extract 

compared to the other nut skins.  However, whole peanut skin extracts had the highest total 

polyphenol content (371 ±15 mg of GAE/g) compared to hazelnut (315 ± 4 mg of GAE/g) 

and almond skins (134 ±1 mg of GAE/g), respectively. This would suggest that although 

Sephadex-LH 20 could be an effiecient technique, however, the method can be time- 

consuming (Pinelo et al. 2006). The use of low pressure chromatographic columns is 

complex and can generate large amounts of waste. This disadvantage of using Sephadex LH- 

 
20 has prompted researchers to use alternative methods compared to the traditional extraction 

methods. 

Solid Phase Extraction (SPE) 
 

In a study conducted by Pinelo et al. (2006), extraction of phenolics resulted in the 

best recovery of these compounds using Solid Phase Extraction (SPE). This technique can be 

used to quickly separate phenolics based on molecular size. SPE uses commercial pre-packed 

columns containing stationary phases similar to those used in high performance liquid 

chromatography (HPLC). The absorbents may include silica gel, reversed-phase materials 
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such as chemically bonded octadecylsilyl or ion-exchange media. The stationary phases that 

are used in HPLC encounter many problems in practice, for example, the pH range of silica, 

which is from 2.0 to 7.5. If the pH is above 2.0, the silica base is liable to dissolution; below 

2.0 the silyl bond can be hydrolyzed. With SPE absorbents, however, this problem is rare due 

to elution times being shorter and single use columns. Lazarus et al. (1999) used SPE to 

remove interfering sugars from peanut skins prior to HPLC/MS analysis. Hundreds of 

monomeric and oligomeric proanthocyanidins were separated using this technique. Sobolev 

et al. (1999) evaluated the resveratrol levels in roasted peanuts with and without skins using 

SPE. Application of this type of chromatography allowed for a reliable method to be created 

in order to quantify the amounts of resveratrol present. They reported that using this method 

yielded higher recovery of resveratrol, providing accurate quantitation for peanuts and peanut 

products. Peanuts with skins had higher resveratrol levels of (0.075 ± 0.003 μg/g) as opposed 

to roasted peanuts without skins (0.046± 0.008 μg/g). This would suggest that when skins are 

left on the kernel, there are not only higher levels of resveratrol but that the total antioxidant 

content may be increased as well. 

High Performance Liquid Chromatography (HPLC) 
 

High performance liquid chromatography (HPLC) is a form of LC that uses small 

particle columns through which the mobile phase is pumped at high pressure (Dong, 2006). 

HPLC is widely used for the analysis of pharmaceuticals, biomolecules, and many organic 

and ionic compounds (Dong, 2006). Analysis is accomplished by solubilizing samples in a 

liquid that can be used as the mobile phase. Unlike other modes of chromatography such as 

gas chromatography, sample components need not be volatile or derivatized, although 
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derivatization serves to enhance the detectability of the analyte. Advantages of HPLC are 

automated operation, high-sensitivity detection, amenable to diverse samples, and rapid and 

precise quantitative analysis. HPLC suffers from several well-known disadvantages such as 

the lack of a universal detector. In addition, the separation efficiency is substantially less than 

that of capillary gas chromatography (Dong, 2006). 

Separation of analytes between a polar mobile phase and hydrophobic (nonpolar) 

stationary phase is defined as reversed-phase chromatography (RPC). This type of 

chromatography is the most popular HPLC mode and is used in more than 70% of all HPLC 

analyses (Dong, 2006; Snyder et al. 1997; Snyder et al. 1997).  RPC typically uses a mixture 

of methanol or acetonitrile with water as a polar mobile phase. The mechanism of separation 

is primarily attributed to solvophobic or hydrophobic interactions. RPC mode is suitable for 

the analysis of water-soluble, medium-polarity and some non-polar analytes (Dong, 2006). 

Francisco and Resurreccion (2009) developed a RP-HPLC method using diode array detector 

(DAD) for the identification and quantification of phenolic compounds found in peanut skin 

extracts. A maximum of nine phenolic compounds were identified. Natural forms of the 

phenolics found in peanut skin extracts were identified directly without the need for 

hydrolysis. 

Normal phase chromatography is a separation technique based on the 

adsorption/desorption of the analyte onto a polar stationary phase (Dong, 2006). The mobile 

phase is typically silica or alumina (Snyder et al. 1997; Snyder et al. 1978). Analytes that 

have strong interactions with the silanol 13 groups are retained longer on the column while 

those with little to no affinity will pass through. Normal phase chromatography is useful for 



40  

the separation of nonpolar compounds and isomers as well as for sample cleanup. One 

disadvantage is contamination of polar surfaces by sample components (Dong, 2006). 

Phenolic extracts are a mixture of various phenolic classes that are soluble in the 

solvent (polar) system (Naczk and Shahidi, 2004).  Analysis of individual phenolic 

compounds from solvent extracts is difficult due to the structural similarities of the 

extractable compounds.  Phenolic compounds absorb in the ultraviolet (UV) region 

displaying a maxima between 246-262 nm with a shoulder at 290-315 nm (Lee, 2000). 

Flavonoids have two absorption bands in the spectrum (Francisco and Resurreccion, 2009). 

This is due to its structure consisting of phenolic and pyrane rings A, B and C (Francisco and 

Resurreccion, 2009).  The first band presumably from the B-ring has a maximum in the 300- 

550 nm range (Merken and Beecher, 2000).  The second band arises from the A-ring and has 

a maximum in the 240-285 nm range (Francisco and Resurreccion, 2009). Yu et al. (2006) 

identified and quantified catechins, procyanidin dimers, trimers and tetramers using reverse- 

phase high performance liquid chromatography (RP-HPLC). 

UV-Vis and photodiode array (DAD) detectors are commonly used to detect food 

phenolics (Francisco and Resurreccion, 2009).  Proposed methods using these detectors have 

not been successful due to the decomposition and polymerization of polyphenols following 

pretreatment of hydrolysis (Hertog et al. 1992; Crozier et al. 1997; Merken and Beecher, 

2000). Therefore, not all polyphenols were recovered or identified.  Sakakibara et al. (2003) 

devised a HPLC method that not only gives a higher level of accuracy but the use of 

hydrolysis is avoided. Their method can also identify aglycons and its glycosides separately 

as the two compounds differ in bioavailability. Sakakibara et al. (2003) simultaneously 
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determined polyphenolic compounds in fruits, vegetables and teas using HPLC-DAD, which 

lead to the creation of a library comprising of retention times, spectras of aglycons and 

calibration curves. This library, however, did not include legumes especially peanuts. 

High Performance Liquid Chromatography Mass Spectrometry (HPLC-MS) 
 

High-performance liquid chromatography mass spectrometry (HPLC-MS) comprises 

a high performance liquid chromatography (HPLC) attached, via a suitable interface, to a 

mass spectrometer (MS). The primary advantage of using HPLC/MS is its ability to analyze 

a wide range of components. Compounds that are “thermally labile” exhibit high polarity or 

molecular mass may be analyzed using HPLC/MS (Nollet, 2000; McCrae, 1988). This 

technique helps in quantifying polyphenolic compounds by fragmentation. Scientists have 

used HPLC-MS to identify and characterize polyphenolic compounds in fruits, vegetables, 

nuts and legumes. Sobolev et al. (2006) identified trans-reseveratrol and phenolic acids 

extracted from peanuts and characterized stillbenoids in peanut seeds that had anti-fungal 

properties using HPLC-MS (Sobolev et al. 2009). Lazarus et al. (1999) determined the 

location of procyandins in peanut nutmeat and skins using HPLC-MS. They found a complex 

series of procyanidins of oligomer in peanut skins, in particular A-type procyanidins. This 

study confirmed the presence of A-type procyanidins that was reported by Karchesy and 

Hemingway (1986). 

Antioxidant Activity 

 
Studies have shown that antioxidant capacity of fruits and vegetables may be strongly 

correlated to both vitamin C concentration and total phenolic content (Proteggente et al. 

2002). Antioxidant capacity methods are divided into two categories 1) hydrogen atom 
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transfer (HAT) reaction and 2) electron transfer (ET) reaction based methods (Karadag et al. 

 
2009). An antioxidant’s efficiency is based on the bond dissociation energy and ionization 

potential. HAT-reaction methods measure an antioxidant’s ability to scavenge free radicals 

by donation of hydrogen ions to form stable compounds (Karadag et al. 2009; Prior et al. 

2005). These methods correlate with an antioxidant’s reactivity to radical chain breaking. 
 
 
 
 

AH + X• → XH +A•  (Equation 2.12.1) 
 
 
 
 
Therefore, the relative reactivity is determined by the bond dissociation energy of the 

hydrogen-donating group in the potential antioxidant as well as the ionization potential. HAT 

based reactions are solvent and pH dependent. They also monitor competitive reaction 

kinetics; therefore, quantitation is derived from kinetic curves. These reactions are rapid and 

usually come to completion in seconds to minutes. HAT methods consist of an oxidizable 

molecular probe, fluorescein, synthetic free radical generator (AAPH, 2,2’-azobis(2- 

amidinopropane) dihydrochloride (ABAP), 2,2’azobis(2,4dimethylvaleronitrile (AMVN), 

2,2’-azinobis(3-ethylbenzothiazolline-6-sulfonic acid (ABTS)); and an antioxidant (Moore et 

al. 2006); Valkonen and Kussi, 1997). 

Fluorescent probes are used in HAT based methods because of their mechanistic 

similarity to lipid peroxidation (Karadag et al. 2009). The concentration of the probe, 

however, is often smaller than antioxidant concentration making it unrealistic in real 

situations. In reality, HAT-based assays do not represent a food system in which the 

concentration of the antioxidant is much smaller than the substrate concentration (Huang et 
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al. 2005). ET-based methods use the ability of the antioxidant to transfer one electron to 

reduce any compound including metals, carbonyls and radicals (Karadag et al. 2009; Prior et 

al. 2005). 

M (III) +AH → AH• + M (II) (Equation 2.12.2) 
 
 
 
 
Relative reactivity of the reaction is based on the deprotonation and ionization potential of 

the reactive functional groups, therefore, making ET reactions pH dependent (Prior et al. 

2005). These reactions are relatively slow and need a longer time for completion. ET 

reactions measure the relative percent decrease in product rather than total antioxidant 

capacity (Ozgen et al. 2006). ET reaction mechanisms are somewhat similar to HAT in 

which ET is solvent dependent, which is due to solvent stabilization of the charged species. 

ET-based methods consist of two components, antioxidants and oxidant (probe) 

(Karadag et al. 2009). The probe is an oxidant that extracts an electron from the antioxidant, 

which results in color changes of the probe. The antioxidant concentration is proportional to 

the degree of the color change. The endpoint of the reaction is reached when the color change 

stops. Quantitation is determined by a linear curve, which reflects the change of absorbance 

(∆ A) plotted against antioxidant concentration. The slope of the curve determines reducing 

capacity of an antioxidant and can be expressed as Trolox equivalence or gallic acid 

equivalent (Karadag et al. 2009). This relationship does accept that the antioxidant capacity is 

equal to its reducing capacity. 
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Oxygen radical absorbance capacity 

 
Oxygen radical absorbance capacity (ORAC) is an assay that observes antioxidant 

scavenging activity against peroxyl radical induced by 2,2’-azobis (2-

amidinopropane)dihyrdochloride (AAPH) at 37 °C (Ou et al. 2001). This assay reflects 

classical radical chain breaking antioxidant activity by hydrogen atom transfer (Ou et al. 

2001). Fluorescein is used as an indicator and Trolox is the control standard.  AAPH is a 

peroxyl radical generator, which initiates the breakdown of fluorescein. The peroxyl radicals 

that are generated from the thermal decomposition of AAPPH react with a fluorescent probe to 

form a nonfluorescent product that can be quantitated by fluorescence (Karadag et al. 2009). If 

an antioxidant is present, it will protect the fluorescein and slow down fluorescein degradation. 

The effectiveness of an antioxidant is assessed by comparison of the area under the decay 

curve of the sample to that of the blank, which does not contain antioxidant, by the use of a 

regression equation (Equation 3 and 4) (Ou et al. 2002). 

 
 
 

AUC = 0.5 + (R2/R1) + (R3/R1) + (R4/R1) +…..+ 0.5 (Rn/R1) (Equation 2.13.1) 

Net AUC = AUC sample – AUC blank (Equation 2.13.2) 

 
 
 

ORAC takes into account antioxidant effects well beyond the early stages of oxidation by 

following the reaction for extended periods (≥ 30 min) (Prior et al. 2005).  By allowing the 

reaction to run for an extended period of time, the potential effects of secondary antioxidant 

products can be investigated.  The advantage of using this assay is that it is useful for 

samples containing multiple ingredients and complex reaction kinetics. ORAC  
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uses an automated  microplate fluorescence reader, making the method accessible as well as 

increasing sample throughput efficiency by tenfold. ORAC also has the capability of 

employing different free radical generators or oxidants (Karadeg et al. 2009). The measured 

antioxidant capacity of a compound depends on which free radical or oxidant source used in 

the assay. 

This assay also has its pitfalls. Close temperature control through the microplate 

reader is essential because the ORAC reaction is temperature sensitive. Failure to do so will 

result in a discrepancy in reproducing the assay (Lussignoli et al. 1999). To avoid this from 

occurring, incubation of the reaction buffer at 37 °C prior to the addition of AAPH decreases 

intra-assay variability (Prior et al. 2003). In the past, another detriment in using this assay is 

the long analysis time (≥ 1 hour). The issue of time, however, has been somewhat resolved by 

the development of “high-throughput” assays using thermostated plate readers (Huang etal. 

2002). 

 
Total Phenols 

 
The Folin-Ciocalteu assay focuses on the transfer of electrons in alkaline medium from 

phenolic compounds to molybdenum and follows the basic mechanism of an 

oxidation/reduction reaction (Karadag et al. 2009). Phenolic compounds can only react with 

Folin-Ciocalteu reagent under basic conditions (MacDonald-Wicks et al. 2008). This reaction 

converts compounds into blue complexes that can be measured spectrophotometrically at 750 

nm (Magalhaes et al. 2008). Phenols are responsible for the majority of oxygen capacity in 

most plant derived products, such as wine (Singleton et al. 1999), but there are exceptions, for 

example carotenes. Some antioxidants, such as monophenols, have the ability to prevent  
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oxidative rancidity by donating a hydrogen or increase lipid solubility in fats due to decreased 

availability in an aqueous environment (Singleton et al. 1999). Therefore, it is important that 

total phenol assays incorporate monophenols as well as easily oxidized polyphenols. The Folin-

Ciocalteu Reagent was initially used for the analysis of proteins. It was not until years later that 

Singleton and co-workers applied this assay to the analysis of total phenols in wine (Singleton 

and Rossi, 1965; Singleton et al. 1999). The number of hydroxyl groups or potentially 

oxidizable groups controls the amount of color formed (Amerine and Ough 1980).  

 The Folin-Ciocalteu method is simple yet sensitive and can be useful for the 

characterization and standardization of botanical samples provided that some limitations and 

variations are properly controlled.  However, the assay results can lead to a wide range of 

difference in detected phenols, which is contingent on assay conditions (Prior et al. 2003). For 

example, total phenolics in blueberries range from 22-4180 mg/100 g (Lee 2000). The Folin-

Ciocalteu method also suffers from interfering substances particularly sugars, which can give 

inaccurate results (Prior et al. 2003). Additional nonphenolic organic substances can react with 

the Folin-Ciocalteu reagent such as ascorbic acid and EDTA. The same goes for some 

inorganic substances such as sodium sulfite, manganese sulfate, etc., which can cause elevated 

phenolic concentrations (Box 1983; Peterson 1979). 

Oxidative Stress 

 
Reactive oxygen and nitrogen species (ROS and RNS) are constantly generated in the 

human body. These highly reactive compounds react non-enzymatically, which can cause 

alterations to the structure and function of cellular or extracellular components including the 

cell membranes, lipoproteins, RNA and DNA (Blomhoff 2005; Mittler 2002; Bukte and 
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Sandstrom 1994). Antioxidants are compounds that are able to donate an electron and/or 

hydrogen atom and prevent or delay oxidation of an oxidizable substrate.  Antioxidants can 

act as scavengers, help prevent cell and tissue damage, be part of the redox antioxidant 

network, and/or regulate gene expression. Oxidants and antioxidants must be kept in balance 

to minimize molecular and cellular tissue damage due to oxidative stress.  Blomhoff (2005) 

defines oxidative stress as an “accumulation of non-enzymatic oxidative damage to 

molecules thus destroying the function of properly working cell organisms”. This stress 

occurs as a result of an unfavorable balance between the generation of free radicals, other 

ROS or RNS and antioxidant defenses (Sies 1997).  Oxidative stress can also arise from body 

metabolism, aging and exposure to environmental stressors such as ultraviolet irradiation and 

cigarette smoke.  Oxidative damage to lipids, proteins and DNA does, however, accumulate 

during aging. Therefore, tissues from aged individuals are more susceptible to diseases. 

Compelling evidence has shown that oxidative stress may significantly contribute to all 

inflammatory diseases as well as be directly involved in the pathophysiology of many 

unrelated types of disease such as arthritis, cancer and many others (Blomhoff 2006; Apel et 

al. 2004; Sies 1997).  In addition, mild oxidation not only affects cell signaling pathways but 

can also hinder gene expression. 

Redox-based antioxidants interact with one another through an “antioxidant network” 

comprised of non-enzymatic reactions. Within this network, antioxidants are recycled or 

regenerated by biological reductants (Blomhoff 2005; Cadenas et al. 2000).  This network 

can be weakened by oxidative stress. It has been hypothesized that polyphenols found in ruits 

and vegetables can decrease oxidative stress (Biesalski, 2007; Han et al. 2007; Blomhoff, 

 



48  

2006). The proposed mechanism is their ability to react directly with reactive oxygen species 

(ROS), thus, forming products with much lower activity. Polyphenols exhibit significant 

functions, such as protection against oxidative stress and degenerative diseases (Kim et al. 

2004). These biological actions can be attributed to their intrinsic antioxidant capabilities 

(Han et al. 2007). When there is an excess of free radicals due to oxidative stress, humans use 

endogenous and exogenous mechanisms in order to maintain redox homeostasis. Among 

these, studies have shown that polyphenols have the antioxidant capacity and properties to 

restore cell regulation. In order to decrease the effects of ROS, various antioxidant strategies 

have been derived by either increasing the endogenous antioxidant enzyme defenses or 

enhancing the non-enzymatic defenses through a dietary or pharmacological means (Du et al. 

2007, Appiah-Opong et al. 2007). Studies have shown that polyphenols possess potent 

antioxidant activity by endogenous and exogenous mechanisms (Han et al. 2007; Escarpa et 

al. 2001; Aura et al. 2002; Du et al. 2007). The polyphenolic compounds curcumin and 

quercetin have been reported to increase several antioxidant enzyme activities such as 

glutathione peroxidase, catalase or glutathione reductase (Han et al. 

2007). 

 
Following a plant-based diet helps to increase the capacity of antioxidant defense and 

modulate the cellular redox state. Initially, supplements of antioxidants such as β-carotene 

and ascorbic acid were thought to neutralize ROS or RNS thereby preventing oxidative 

damage (Blomhoff, 2005; Baynes 1999). In vivo studies generated positive results showing 

that antioxidants have the ability to inhibit oxidative damage (Williams et al. 2004; 

Soobrattee et al. 2005; Blomhoff, 2005; Chandra et al 2000). However, data from 
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epidemiological studies for cancer research is less convincing. For colorectal cancer, data has 

been reported inconsistently (Burke et al 1997; McPhillips et al. 1994).  The reason behind 

this may be in part due to the exposure of polyphenolics, which could be chronic at 

lowconcentrations to human subjects (Arts and Hollman, 2005). Therefore, the 

bioavailability of polyphenolics is limited. Absorption of polyphenols is also important as 

polyphenols are subject to phase II metabolism, yielding methoxylated, glucuronidated, and 

sulfated compounds (Arts and Hollman, 2005). 

Inflammation 
 

Inflammation occurs as a result of increased blood flow to affected tissue. 

Inflammation can be a beneficial response to infection or tissue injury in that it results in the 

restoration of homeostasis and repair (Ghosh, 2007). Unresolved inflammation is a problemas 

it is the underlying cause of a variety of diseases such as arthritis, asthma, cancer, diabetes, 

amongst others (Libby et al. 2002). Inflation of cell wall stress promotes the production of 

certain leukocyte adhesion molecules by arterial smooth muscle cells (SMCs) of 

proteoglycans, which can bind and retain low-density lipoprotein particles (Libby et al.2002).  

Leukocytes also release inflammatory mediators, which develop and maintain the 

inflammatory response (Ghosh, 2007; Tak and Firestein, 2001).  Once leukocytes adhere to 

the surface of the endolthelium, they are able to penetrate the innermost lining of the lesion 

(Libby et al. 2002; Lee et al. 2001).  After adhesion, leukocytes initiate a local inflammatory 

response. Macrophages express scavenger receptors for modified lipoproteins, thus allowing 

these receptors to ingest and become foam cells (Ghosh, 2007; Greaves and Schall, 2000). 

The T-cells are also affected as they encounter signals that cause them to elaborate 
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inflammatory cytokines, such as tumor necrosis factor (TNF-β) (Libby et al. 2002).  In turn, 

macrophages as well as vascular endothelial cells and SMCs are stimulated (Libby et al. 

2002; Tak and Firestein, 2001). SMCs help facilitate oxidative modification thus promoting 

an inflammatory response at sites of lesion formation (Libby et al. 2002). 

 

Eicosanoids 

 
Eicosanoids are a family of biological signaling molecules that acts on cells near the 

point of hormone synthesis instead of being transported in the blood to act on cells in other 

tissues or organs (Nelson and Cox, 2004).  As fatty acid derivatives, they are known to be 

involved in reproductive function, inflammation, fever, amongst other processes by causing 

dramatic effects on vertebrate tissues (Nelson and Cox, 2004). Eicosanoids are formed from 

20-carbon polyunsaturated fatty acids. An example of an eicosanoid precursor is arachidonic 

acid. Arachidonic acid is a polyunsaturated omega-6 fatty acid that is present in cell 

membranes (Matsuyama and Yoshimura, 2008).  Free arachidonic acid is present in most 

membrane cells and is released by phospholipase A2 which releases arachidonic acid 

(Davies et al. 1984). As a result, arachidonic acid is converted into prostaglandins (PGs), 

beginning with the formation of prostaglandin H2 (PGH2). PGH2 is the immediate precursor 

of many other prostaglandins and of thrombanes (Figure 6). PGH2 can be formed by two 

stages via metabolism of the cyclooxygenase (COX) pathway. The first step of the reaction, 

COX activity introduces molecular oxygen to convert arachidonate to PGG2, an unstable 

endoperoxide intermediate. The second step is catalyzed by the peroxidase activity of COX, 

which converts PGG2 to PGH2.  The PGH2 further breaks down nonenzymatically to 

produce prostaglandins E2 and D2 (PGE2 and PGD2). 
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Figure 6: Eicosanoid biosynthetic enzyme pathways. Arachidonic acid, a common precursor of 

eicosanoids, is released from membrane phospholipids by phospholipase A2 activity. The COX pathway 

leads to the formation of PGs. The LO pathway, responsible for the synthesis of leukotrienes, involves a 

catalytic complex consisting of 5-LO (Lousse et al. 2009). 
 
 

 
 

Cyclooxygenase 

 
Cyclyooxygenase (COX) helps to catalyze the first step in the arachidonic acid 

pathway by converting arachidonic acid into an unstable intermediate called PGG2 (Vane et 

al. 1998). COX rapidly converts PGG2 to PGH2. As a result, a series of biologically active 

prostaglandins (PGD2, PGE2α, PGF2 and PGI2) and thromboxane A2 (TXA2) are formed by  

PGH2 by various isomerases (Vane et al. 1998). Two isoforms that have been identified are 

COX-1 and COX-2 (Portanova et al. 1996). They are similar in structure and possess a  
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molecular weight of 71K and 63% amino acid identical sequence. Although COX-1 and 2 

are both associated enzymes, they are expressed in different parts of the body (Vane et al. 

1998). COX-1 is always expressed in nearly all cell types at a constant level. COX-2 is 

expressed in the central nervous system (CNS) but its activity is normally absent from cells. 

However, when COX-2 is induced, protein levels reach their peak then quickly decrease in 

a matter of hours after a single stimulus (Needleman et al. 1986). Importantly, stimuli 

known to induce COX-2 are those associated with inflammation such as bacterial 

lipopolysaccharide (LPS), tumor necrosis factor (TNF)-α and cytokines (interluekin (IL)-1 

and IL-2). Anti- inflammatory cytokines such as IL-4, IL-10 and IL-13 have been shown to 

decreaseinduction of COX-2 (Vane et al. 1998). The effects of non-steroidal anti-

inflammatory drugs (NSAIDs) such as aspirin are non-selective and inhibit both COX-1 and 

COX-2 whereas COX-2 inhibitors (Celecoxib, Vioxx, etc.) preferentially inhibit COX-2 

over COX-1 (Yang and Chen, 2008). As a result, inhibition of prostaglandin biosynthesis at 

inflammatory sites and constitutive biosynthesis occurs (Vane et al. 1998). 

Prostaglandin E2 

 
The major sign of an inflammatory stimulus is pain. This response results from the 

interaction of multiple mediators such as histamine and nitric oxide that are released at sites 

of tissue injury (Portanova et al. 1996). The role of prostaglandins (PG’s) with regards to 

pain following mechanical or chemical injury has been established (Currie and Needleman, 

1984; Bonney and Humes, 1984; Goodwin and Ceuppens, 1983). In addition to the 

inflammatory mediators, PG’s have been detected in inflammatory cell matter such as white 

blood cells (Needleman, 1986).  The contribution of prostaglandins to the development of 

pain in multiple immunoinflammatory diseases has been illustrated by the therapeutic effect 
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of nonsteroidal anti-inflammatory drugs (NSAIDS) (Needleman, 1986). NSAIDS anti- 

inflammatory activity has been reported to inhibit PG synthesis by inhibiting 

cyclooxygenase-2 (COX-2) (Needleman, 1986). COX-2 is a key enzyme in the metabolic 

pathway in which numerous biologically active PG’s such as PGD2, PGE2, PGF2, PGH2, 

PGI2 and thromboxane are synthesized from arachidonic acid (Raz et al. 1989; O’Sullivan 

et al. 1992; Masferrer et al. 1994). PGE2 is present in high concentrations in inflamed 

tissues (Masferrer et al. 1994). 

PGE2 can enhance pain in tissue exposed to inflammatory mediators when 

administered exogenously (Williams and Morley, 1973; Williams and Peck, 1977). 

PGE2does not exist preformed in the cell. When cells are activated or free arachidonate 

is supplied, PGE2 is synthesized de novo and released into the extraceullar space 

(Hamberg and Samuelsson, 1971; Granström et al. 1980). As a result, PGE2 is converted 

into an inactive metabolite by the PG 15-dehydrogense pathway (Hamberg and 

Samuelsson, 1971; Granström et al. 1980). The determination of in vivo PGE2 

biosynthesis is often best accomplished by the measurement of PGE2 metabolites 

because of the rapid metabolism of PGE2 (Hamberg and Samuelsson 1971). 

Nuclear Factor κB and Nitric Oxide 

 
The nuclear factor ~κB (NF~κB)/ Re1is a transcription family consisting of proteins 

that can control the transcription of DNA when active in the nucleus (Ghosh, 2007;  

Makarov 2001). NF~κB plays a vital role in the regulation of immune response to infections. 

As described by Makarov (2001), incorrect regulation of NF~κB has been linked to cancer, 

autoimmune and inflammatory diseases. In order for NF~κB to function, it must move to the  
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nucleus. Retention of NF~κB in the cytoplasm is provided by its interaction with inhibitory 

proteins known as IκB. Activation of NF~κB occurs upon proteolysic degradation of IκB, 

therefore, allowing NF~κB to enter the nucleus initiating transcription (Ghosh, 2007; 

Makarov, 2001). Activation can also occur by appropriate cellular stimulation, such as stress. 

Initiation of transcription is regulated by interactions with several transcriptional co- 

activators and basal transcriptional machinery (Makarov, 2001). Pathways that control 

NF~κB nuclear translocation and its transcription function are independently regulated, but 

act as a unit in the activation of NF~κB dependent gene expression (Makarov, 2001).  The 

synthesis of certain cytokines, such as TNF-α, IL-1β, IL-6 and IL-8 as well as the expression 

of COX-2 is mediated by NF~κB (Ghosh, 2007). Hence, NF~κB has the ability to induce 

transcription of these pro-inflammatory genes (Ghosh, 2007). 

Polyphenolics and Anti-inflammatory properties 

 
Inflammation caused by oxidative stress is arbitrated by the activation of NF-kB and 

AP-1 (Tak and Firestein, 2001). This domino effect alters a variety of cellular signaling 

processes eventually leading to generation of inflammatory mediators (Wahyudi and 

Sargowo, 2007). As a result, pro-inflammatory genes such as inducible nitric oxide synthase 

links, interleukin-1 beta (IL-1B) and IL-8 are affected (Wahyudi and Sargowo, 2007; Tak 

and Firestein, 2001). Antioxidant and anti-inflammatory effects of polyphenols have been 

shown to control undesired effects of oxidative stress. The stillbene compound, resveratrol, 

has been reported to have the ability to interfere and prevent cardiovascular disorders from 

occurring. Schaffer et al. (2007) reported that the resveratrol inhibits of NF-kB 
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transactivation. Procyanidins have been shown to inhibit transcription and secretion of IL-1B 

 
in peripheral blood mononuclear cells in vitro (Mao et al. 2000). 

 
Flavonoids such as quercetin and luteolin that possess a carbon 2, 3 double bond and 

 
5, 7-dihydroxyl groups in the A-ring were shown to inhibit NO production. Kim et al. (1999) 

suggested that the 8-methoxyl groups found on the A-ring as well as the 4’- or 3’, 4’-vicinal 

substitutions in the B-ring may have NO inhibitory activity. This is due to the planar ring in 

the flavonoid molecule, which may cause NO production to be inhibited (Kim et al. 1999). 

They investigated the effects of naturally occurring flavonoids on nitric acid production in 

vitro. This study determined that certain flavonoids inhibited NO production. The basis for 

inhibition was due to chemical structure of the flavonoids. Djoko et al. (2007) observed anti- 

inflammatory activities of peanut stilbenoids: resveratrol, arachidonic 1 and piceatannol, 

differentiating in the number of hydroxyl groups present, in vitro. Contributors of 

inflammation, PGE2 and NO, were inhibited by all the test stilbenoids in a dose-dependent 

manner while gene and protein expressions of COX-2 and iNOS were not inhibited. The 

researchers reported that inhibitory effects on LPS-induced PGE2 and NO production was 

partly through the direct scavenging activity of intracellular NO and direct suppression of PG 

synthesis by inhibiting enzyme activity of COX-1 and 2 in a dose-dependent manner as seen 

in the phenolic compound resveratrol (Djoko et al. 2007; Jang et al. 1997). 

Anti-atherosclerosis and Cardioprotection 

 
Studies have shown that there are a limited number of polyphenols which exert anti- 

atherosclerosis and cardioprotection capabilities (Arts and Hollman, 2005, Halliwell and 

Gutteridge, 1999). Quercetin was reported to decrease lipid peroxidation, upregulate the 



56  

expression of serum high-density lipoprotein (HDL) associated paraoxonase 1 (PON-1) in 

the HUH7 human hepatoma cell line (Ahmad, 2001; Han et al. 2007). Flavonoid 

consumption has been associated with reduced risks of chronic diseases and strongly inhibits 

low-density lipoprotein (LDL) oxidation both in vivo and in vitro (Cao et al. 1997; 

Soobrattee et al. 2005). Mechanisms of action are attributed to flavonoids capacity for 

antioxidation, anti-inflammation, anti-proliferation and modulation of signal transduction 

pathways (Halliwell and Whitman, 2004). These mechanisms help to reduce platelet 

aggregation, hence, reducing cardiovascular heart disease (CHD) mortality (Cao et al. 1997; 

Ashida et al. 2005). 

Effect of the Regulation of Cell Cycle Progression by Polyphenols 
 

Historially the cell cycle can compartmentally contain four phases: G1 phase, S phase 

(synthesis), G2 phase and M phase (mitosis) (Cooper et al. 2004). Activation of each phase is 

dependent on the proper progression and completion of the previous one (Morgan, 2007). 

Modifications of the cell cycle components can lead to tumor formation (Watson, 2004). 

Two families of genes: the cip/kip family and the INK4a/ARF (Inhibitor of Kinase 

 
4/Alternative Reading Frame) prevent the progression of the cell cycle (Watson, 2004). 

 
These genes, known as tumor suppressors, are instrumental in prevention of tumor formation. 

The cip/kip family includes the genes p21, p27 and p57 (Morgan, 2007; Watson, 2004). They 

can stop the cell cycle in the G1 phase, by binding to, and inactivating, cyclin-CDK 

complexes (Morgan, 2007; Watson, 2004). Studies have shown that certain polyphenols can 

regulate cell cycle progression by up-regulating p21 expression, G1 phase arrest and down 

regulate cyclin D1/D2-Cdkle in vitro (Ahmad et al. 2001; Kuo et al. 2002; Mamunur Rahman  
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et al. 2010; Wolter et al. 2001). 

Cell Based Assays 
MTT 

 
Cell-based assays are powerful tools that are incredibly versatile. They can be 

designed to measure many cellular or biochemical functions, which cannot be obtained from 

animal models or humans (Ward 2008). Cell-based assays have the ability to measure a 

variety of different markers: measure the number of dead cells (cytotoxicity assay), live cells 

(viability assay, 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)), and 

the total number of cells or a molecular mechanism (Riss et al. 2003).  The MTT assay is 

a colorimetric assay that measures the ability of cellular enzymes to reduce the tetrazolium 

dye, MTT, to its insoluble formazan crystal, thus, creating a purple color that is detected 

colormetrically (Mossman 1983; Gerlier and Thomasset 1986). This assay measures cellular 

metabolic activity via NAD(P)H-dependent cellular oxidoreductase enzymes and could 

reflect the number of viable cells (Riss et al. 2003; Mossman 1983). 

Trypan Blue 

 
Trypan Blue is a technique widely used for cell cultures in vitro and tumor cell 

preparation tested in vivo to color dead tissues or cells selectively for direct comparison 

between variability. Trypan blue values have been shown to be 85% of cultivability values 

under optimal conditions of handling (Tennant 1964). The mechanism of trypan blue, a 

negatively charged diazo dye, is based on the interaction of cells with undamaged intact 

membranes (Mascotti 2000). Therefore, all the cells that have an intact plasma membrane 

(viable cells) exclude the dye. By contrast, cells that have damaged membranes (nonviable)  
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are stained with blue color and can be observed under a microscope. Thus, trypan blue dye is 

escribed as being a vital stain allowing discrimination between viable cells and cells with 

damaged membranes that are usually considered to be dead cells. The staining of nonviable 

cells can be difficult to interpret due to the problem that viability is being determined 

indirectly from the cell membrane’s integrity (Mascotti 2000; Prescott, 1976).  Thus, the 

capability to be measured by growth or function is affected, even though its membrane 

integrity is maintained (Macotti 2000; Prescott, 1976). Dye uptake can be another potential 

problem as uptake is assessed subjectively. Therefore, small amounts of dye uptake 

indicative of cell injury may go unnoticed. A solution for this potential problem is 

performing a dye exclusion procedure with fluorescent dye and a fluorescent microscope 

(Macotti 2000). The use of this technique results in an increase in the viability of nonviable 

cells than tests performed with trypan blue using a transmission microscope (Macotti 2000). 

Western Blotting 

Western blotting is a technique used to detect specific proteins in a given sample of 

tissue extract or homogenate (Burnette, 1981). This analytical technique uses gel 

electrophoresis to separate denatured proteins via the length of the polypeptide or by the 3D 

structure of the protein. Proteins are then transferred to a nitrocellulose or PVDF membrane, 

where the protein is detected using antibodies specific to the protein of interest. Other 

sources of protein can also come from bacteria, viruses or environmental samples. Western 

blotting is not restricted to cellular studies. Chassaigne et al. (2009) used this method to 

locate and identify two different isoforms of the allergen Arachis hypogaea (Ara) Ara h1 and 

Ara h2 in peanuts. The sample that contains the protein of interest may be taken from whole  

 



59  

tissue or from a cell culture. If this is the case, solid tissues are first broken 

downmechanically either by sonication, a homogenizer or a blender. Salt buffers and assorted 

detergents are used to encourage lyses of cells and for the solubility of proteins. Protease and 

phosphatase inhibitors are incorporated to prevent digestion of the sample by its own 

enzymes. To avoid protein denaturing, tissue preparation may be done at cold temperatures. 

ELISA 

Enzyme-linked immunosorbent assay, also called ELISA, is a technique used to 

detect the presence of an antibody or antigen in a sample (Voller et al. 1978). This technique 

consists of a series of additions of reagents separated by washing steps (Lequin, 2005; Voller 

et al. 1978). Addition of reagents is accomplished using any commercially available 

dispensers that are accurate (Voller et al. 1978). ELISA can also be used for determining 

serum antibody concentration such as HIV testing. This assay has also found applications in 

the food industry detecting potential food allergens such as milk, peanuts, eggs and walnuts. 

Loizou et al. (1985) used ELISA for measuring IgG and IgM anticardiolipin antibodies 

(ACA) in patients with systemic lupus erythemetsus or seropositive rheumatoid arthritis. The 

use of ELISA made quantitative determination of ACA levels more reliable for clinical and 

experimental monitoring. Li et al. (2009) reported the ELISA method could be used to 

accurately determine total aflatoxins in peanuts. Kubota et al. (2009) reported that ELISA 

could be used to investigate the role of resveratrol in the suppression of leukocyte adhesion 

to retinal vessels of endotoxin-induced uveitis (EIU) mice. By using this method it was 

concluded that resveratrol prevented inflammatory responses via inhibiting oxidative 

damage. In ELISA, an unknown amount of antigen binds to a surface and then a specific 
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antibody is washed over the surface so that it can bind to the antigen (Lequin, 2005; Voller et 

al. 1978). Addition of substrate produces a detectable signal. The use of substrates is to give 

a colored product following enzymic degradation (Lequin, 2005; Voller et al. 1978). 

Performing an ELISA involves at least one antibody specific to a particular antigen. 

The unknown antigen of interest is immobilized on a solid support usually a polystyrene 

microtiter plate either non-specifically or specifically (Lequin, 2005; Voller et al. 1978). 

Addition of the antibody is added to the plate allowing for detection, thus forming a complex 

with the antigen. The detection of antibody can be covalently linked to an enzyme or can be 

detected by a secondary antibody through bioconjugation (Lequin, 2005; Voller et al. 1978). 

During each step of ELISA, the plate is washed with a mild detergent solution to remove any 

proteins or antibodies that are not specifically bound (Lequin, 2005; Voller et al. 1978). The 

final wash step produces a visible signal by adding an enzymatic substrate to the plate. The 

signal that is emitted indicates the quantity of antigen in the sample. Visual readings of 

ELISA can be made quantitative by testing a series of dilutions of the test sample (Lequin, 

2005; Voller et al. 1978). A dilution that does produce a discernible substrate color can 

establish the end-point. 

Competitive ELISA 

 
ELISA test can be competitive for the assay of antigen. Hefle et al. (1995) were able 

to determine the highest amount of Ara allergen in six commercial peanut skin extracts using 

this method.  For competitive ELISA, enzyme labeled antigen is mixed with test sample 

containing antigen, which competes for a limited amount of antibody (Voller et al. 1978). 

The bound antigen is then separated from the free material and its enzyme activity is  
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estimated by the addition of substrate. The signal that is emitted can be weakened by an 

increasing original antigen concentration. The major advantage of competitive ELISA 

is the ability to use crude or impure samples while still selectively binding to any 

antigen that may be present (Voller et al. 1978). 

Conclusion and Summary 
 

Many in vitro, ex vivo, and animal studies have provided ample evidence that 

polyphenolic compounds like those found in peanuts, particularly catechins and flavonoids, 

may reduce the incidence of a number of chronic diseases via their antioxidant properties, or 

by modulating various cellular signaling pathways (Higgs, 2003; Nakamura et al. 2001; 

Morton et al. 2000; Howard and Kritchersky, 1999; Cao et al. 1997; Adlercreutz and Mazur, 

1997). However, the evidence gathered from these studies has yet to extrapolate to peanut 

skins. The bioavailability of polyphenolic compounds in peanut skins, its metabolites, and 

their ability to elicit health effects at physiologically relevant levels is not yet understood. 

The experimental concentrations of peanut skins may be higher than physiologically 

tolerable levels, which, if given to humans on a regular basis, could cause toxic effects over 

time. Additionally, cell culture conditions are drastically different from human physiological 

conditions, making it difficult to determine if the observed effects in culture will also occur 

in humans. 

Peanut skins are normally restricted to animal feed; therefore, there is a lack of 

reporting for peanut skin consumption studies. This makes it extremely difficult to assess 

actual skin extract intake and the possible effects on health. Thus, a better understanding of 

the properties of peanut skins, their polyphenolic compounds, and the specific mechanisms  
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by which they exert their health effects in humans as well as in vivo needs to be established 

before recommendations for peanut skin extract consumption can be implemented. 
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CHAPTER 3: 
 
 
 
 
 

Anti-inflammatory Effects of Peanut Skin Extracts 

on COX-2 in RAW 264.7 Cells 
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Abstract: 
 

Peanut skins have been traditionally regarded as a low economic waste by-product of 

the peanut industry but they contain high levels of bioactive compounds including catechins 

and procyanidins, which could benefit human health. The antioxidant activity of peanut skin 

extracts (PSE) has been reported in vitro; however, the anti-inflammatory properties have yet 

to be explored in vivo. This is the first report to investigate the anti-inflammatory effects of 

PSE on the pro-infalmmatory enzyme Cyclooxygenase-2 (COX-2) and its downstream 

product prostaglandin E2 (PGE2).  Defatted peanut skins were extracted using aqueous 

solvent mixtures (acetone/water or ethanol/water) and dried to powders.  PSE antioxidant 

 
activity was determined by Hydrophilic Oxygen Radical Absorbance Capacity (H-ORAC) 

and Total Phenol assays. PSE extracted with acetone/water had higher H-ORAC and total 

phenolic values (3060 µmol Trolox/100 g and 290 mg GAE/g) than PSE extracted with 

ethanol/water (2622 µmol Trolox/100 g and 250 mg GAE/g, respectively). RAW 264.7 cells 

were treated with 1.0, 2.5 and 5.0% (v/v) of PSE and induced with the inflammatory marker, 

lipopolysaccharide (LPS) for 12 hours. Protein expression levels of COX-2 were 

significantly inhibited by PSE in a concentration-dependent manner using Western blotting 

analysis. Prostaglandin E2 (PGE2) was measured by ELISA.  Increasing concentrations of 

PSE induced with LPS demonstrated a decrease in PGE2 concentration suggesting that PSE 

has anti-inflammatory properties. 

 
Keywords:  Peanut skins, antioxidants, anti-inflammatory, Cyclooxygenase (COX-2), 

Prostaglandin E2 (PGE2) 
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Practical Application: 
 

Peanut skins are known for their astringent taste; however, research has shown that 

peanut skins contain high levels of bioactive compounds including catechins and 

procyanidins, which could benefit human health. This study shows that bioactive compounds 

in peanut skins may have anti-inflammatory effects in vitro by reducing Cyclooxygenase 2 

production and prostaglandin E2 (an inflammatory marker). These results highlight the 

potential health benefits of this antioxidant enriched waste material that could be useful to 

food and nutraceutical industries. 
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Introduction 

 
Peanuts (Arachis hypogaea L.) are one of the most widely used legumes in the world. 

Bioactive compounds such as catechins, flavonoids and proanthocyanidins, found in peanuts 

have been isolated, identified and evaluated for its potential health benefits (Sanders et al. 

2000; Yu et al. 2005; Bolling et al. 2010).  By-products of the peanut industry such as peanut 

leaves, roots, hulls, shells and even skins have also been identified as possible sources of 

bioactive compounds but currently have little economic value (Francisco and Resurreccion 

2008).  Peanut skins are most commonly used as low cost fillers in animal feed and are 

known for their astringent taste. Research has shown that peanut consumption provides 

potential health benefits by containing high levels of bioactive compounds, such as catechins 

and procyanidins (Francisco and Resurreccion 2008). These same bioactive compounds are 

also found in fruits, such as grapes, and vegetables and have been extensively studied for 

their health promoting abilities including cancer inhibition and anti-inflammatory activities 

(Yilmaz and Toledo 2006). This would suggest that the bioactivity found in fruits and 

vegetables could possibly be present in peanut skins. The antioxidant activity of peanut skins 

has been reported (Nepote et al. 2002, 2005; Van Ha et al. 2007; Ballard et al. 2009) but, 

there are no reports in the scientific literature regarding the relationship between antioxidant 

and anti-inflammatory properties of peanut skins. 

Prostaglandins are key mediators in inflammation and inflammatory associated 

cancers. Prostaglandins (PGs) are messengers that contain a 20-carbon polyunsaturated fatty 

acid (Needleman 1986). They are found in a wide range of tissue types and serve as autocrine 

or paracrine lipid mediators that act upon platelets, endothelium, uterine and mast cells 
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(Portanova et al. 1996).  In humans, PGs act on an array of cells thus having a wide variety of 

effects including blood clotting, ovulation, initiation of labor, wound healing, immune 

response, nerve growth and development (Hamberg and Samuelsson 1971).  The key 

regulatory enzyme of PG biosynthesis, in particular PGE2, is cyclooxygenase (COX). 

Cyclooxygenase is a bifunctional enzyme that is required for the production of 

prostaglandins (Vane et al. 1998). 

 
Two isoforms, COX-1 and COX-2, have been identified (Portanova et al. 1996; Vane 

et al. 1998). Although COX-1 and 2 are both structurally homologous having similar kinetic 

properties, they are expressed in different parts of the body (Vane et al. 1998). COX-1 is 

always expressed in nearly all cell types at a constant level. Its PG products help to mediate 

housekeeping functions such as gastric epithelial cytoprotection and homeostasis. COX-2 is 

expressed in the central nervous system (CNS) but its activity is normally absent from cells. 

However, when COX-2 is induced, protein levels reach their peak then quickly decrease in a 

matter of hours after a single stimulus (Needleman et al. 1986). Importantly, stimuli known 

to induce COX-2 are those associated with inflammation such as bacterial lipopolysaccharide 

 
(LPS), tumor necrosis factor (TNF)-α and cytokines (interluekin (IL)-1 and IL-2) (Vane et al. 

 
1998). These observations suggest that COX-2 generates prostaglandins that regulate an 

inflammatory response. Anti-inflammatory cytokines such as IL-4, IL-10 and IL-13 have 

been shown to decrease induction of COX-2 (Vane et al. 1998). 

Prostaglandin E2 (PGE2) is the major PG synthesized by macrophages. COX-2 

expression occurs in response to intrinsic factors, such as cytokines, or extrinsic factor, such 

as lipopolysaccharide (LPS), therefore, leading to the production of PGE2 (Huang and Wu 
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2002). Several studies have shown that some phenolics in foods may enhance or inhibit PG 

formation and potentially affect the inflammatory response (Escarpa and Gonzales 2001; 

Halliwell and Whitman 2004; Han et al. 2007). For example, antioxidant phytochemical and 

other components in food may alter COX-2 expression and PG formation. Therefore, it may 

be useful to investigate the effect of foods on COX-2 expression and PG formation in terms 

of pathophysiological conditions associated with inflammation. 

The aim of this study was to investigate the antioxidant activity of peanut skin 

extracts (PSE) in relation to their potential use as anti-inflammatory agents.  PSE was 

prepared by freeze drying. The antioxidant activity was investigated using Hydrophilic 

Oxygen Radical Absorbance Capacity (H-ORAC) and Total Phenol assays. The anti- 

inflammatory effect PSE was evaluated upon induction with an inflammatory marker (LPS), 

and the anti-inflammatory effect of PSE against PGE2 and COX-2 expression was accessed 

based on in vitro experimentation. 
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Materials and Methods 

 
Chemicals and Sample collection 

 
Peanut skins were supplied by a commercial peanut processor (Jimbo’s Jumbo, 

Edenton, NC).  RAW 264.7 cells, a murine monocyte/macrophage cell line, were obtained 

from American Type Culture Collection. Dulbecco's modified Eagle's medium (DMEM), 

Fetal Bovine Serum (FBS) and antibiotics (100x Penicillin Streptomycin Glutamine) were 

purchased from Invitrogen (Carlsbad, CA). Lipopolysaccharide (LPS) from Escherichia coli 

Serotype 0111:B4 was purchased from Sigma Aldrich (St. Louis, MO). The β-actin from 

rabbit monoclonal antibody (mAB) was obtained from Cell Signaling (Danvers, MA). COX- 

2 polycolonal antibody was purchased from Caymen Chemical (Ann Arbor, MI). 

 
Preparation of peanut skins extracts 

 
Peanut skins were defatted by stirring covered in 600 mL of hexane (Fisher 

Scientific; Pittsburgh, PA) at room temperature overnight. Hexane was removed by vacuum 

filtration. Skins were redissolved in 200 mL of hexane and then stirred for 3 hours. The 

supernatant was poured off and defatted skins were air dried overnight, then milled to a fine 

powder using a Wiley Mill Model 4 (Arthur H. Thomas Company; Philadelphia, PA). 

Polyphenolic compounds were extracted by adding ten grams of milled peanut skins to 

100 ml of solvent mixture (10 mL solvent/g skins) (ethanol/water 90/10, v/v or acetone/water 

 
50/50, v/v) at room temperature.  The mixture was stirred for 120 min. After the extraction, 

samples were filtered with Whatman No. 1 filter paper (GE Healthcare Life Sciences; 

Piscataway, NJ) and the supernatant collected was washed with 2 × 25 ml of solvent 

(ethanol/water 90/10, v/v or acetone/water 50/50, v/v). Solvent from the supernatant was 
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dried using a vacuum rotary evaporator (BUCHI Labortechnik AG; Flawil, Switzerland) at 

 
50°C.  Once all of the solvent was removed, crude extracts, which consisted of only water, 

were freeze-dried using VirTis Freeze Dryer (VirTis, Gardiner, NY) and stored in 4°C 

without light. Freeze-dried samples were stored in -20°C until further analysis. There were 

three replications of each treatment. 

Analysis of total phenolics 

 
The total phenolic concentration in peanut skin extracts was determined using the 

Folin–Ciocalteau colorimetric method (Singleton and Rossi, 1965).  Briefly, 100 μl of extract 

was mixed with 0.5 mL of Folin–Ciocalteau reagent, previously diluted 1:10 in deionized 

water.  A sodium bicarbonate solution (60 g/L) of 1.5 mL was added immediately to the 

extract mixture. This mixture was then incubated for 120 min at 22°C with absorbance 

readings taken at 725 nm. Total phenolic content data was calculated using a standard curve 

prepared with gallic acid. Results were expressed as mg of gallic acid equivalents (GAE) per 

gram of Peanut Skin Extracts (PSE). 

Antioxidant activity 

 
Hydrophilic Oxygen Radical Absorbance Capacity (H-ORAC) Assay 

 
The protocol of Prior et al. (2003) was used to measure H-ORAC activity. Costar 

polystyrene flat-bottom black 96 microwell plates (Corning; Acton, Massachusetts) were 

used to perform these assays in 75 mM phosphate buffer, pH 7.4. Either Trolox standard or 

test sample was added to reach a final reaction volume of 250 μl. Trolox (Aldrich; 

Milwaukee, WI) standard solutions were prepared in phosphate buffer at the following 

concentrations: 3.12, 6.25, 12.5, 30 and 50 μM. The Trolox standards (130 μl), PSE samples 
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(130 μl) and blanks (130 μl) were delivered to appropriate wells.  Sixty microliters of a 70 

nM Fluorescein solution (Reidel-deHaen; Seelze, Germany), dissolved in 75 mM phosphate 

buffer, were added to each well and the plate was covered and incubated for 15 min in a 

SAFIRE
2 

microplate reader (Tecan USA; Raleigh NC) preheated to 37 °C. A stock solution 

of 2, 2′-azobis (2-amidino-propane) dihydrochloride (AAPH) was made to a final 

concentration of 153 mM in phosphate buffer (Wako; Richmond, VA) (60 μl), and 60 μl was 

added to wells to generate the peroxyl radicals. Prior to recording the first measurement, the 

black-bottom plate was shaken for five seconds using a medium orbital intensity. 

Fluorescence readings of the plate were acquired over a period of 90 minutes, 1 

reading/minute kinetic cycle with a five second medium orbital intensity shake between each 

cycle. Measurements were taken using the microplate reader equipped with Magellan (v. 

6.1) reader software (Tecan USA; Raleigh NC). Excitation and emission filter wavelengths 

were set at a range of 483 ± 8 and 525 ± 12 nm, respectively. Samples and standard data 

were measured in triplicate and calculated using Microsoft Excel (Microsoft; Roselle, IL). 

Cell culture 

RAW 264.7 cells (American Type Culture Collection (ATCC); Manassas, VA) were 

cultured with Dulbecco's modified Eagle's medium (DMEM) containing 10% (FBS) and 1% 

antibiotics (40 U/ml penicillin and 40 µg/ml streptomycin), under 5% CO2 at 37 °C.  Cell 

viability was assessed using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay (Mosmann 1983). 
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Effects of peanut skin extracts on cell viability 

 
To study the cytotoxicity of peanut skin extracts, cells were plated in 96-well plates 

(3 x 10
5 

cells/well) using fresh media and measured using the MTT (3-(4,5-dimethylthiazol- 

2-yl)-2,5-diphenyltetrazolium bromide)) assay.   The MTT assay is a colorimetric assay for 

measuring the activity of cellular enzymes that reduce the tetrazolium dye, MTT, to its 

insoluble formazan, creating a purple color (Mosman 1983).  This assay measures cellular 

metabolic activity via NAD(P)H-dependent cellular oxidoreductase enzymes and may, under 

defined conditions, reflect the number of viable cells (Mosman 1983). After overnight 

growth, cells were pretreated with a series of concentrations (1 or 5%) of peanut skin extracts 

for two hours.  Extracts were dissolved in 50 mL of ethanol/water solutions [5 mL ethanol: 

45 mL water] or [25 mL of ethanol: 25 mL water] on the day of experiment.  At the end of 

treatment, MTT solution (7.8 mg/mL) was added to each well and incubated for four hours. 

For testing cell viability, the MTT assay was performed in the presence or absence of LPS (1 

µg/mL) and/or testing compounds based on the method previously described.  Formazan 

crystals were dissolved by addition of acidified isopropanol (200 μL) creating a purple color, 

which was measured at 620 nm using a SAFIRE
2
. 

Anti-inflammatory activity 

 
Prostaglandin E2 (PGE2) Enzyme Immunoassay 

 
Prostaglandin E2 (PGE2) is a primary product of arachidonic acid metabolism in many 

cells, including macrophages (Granström et al. 1980). It does not exist preformed in any 

cellular reservoir but is synthesized de novo and released into extracellular space when cells 

are activated (Hamberg and Samuelsson 1971). The determination of in vivo PGE2 

http://en.wikipedia.org/wiki/Thiazole
http://en.wikipedia.org/wiki/Colorimetry_(chemical_method)
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biosynthesis is often best accomplished by the measurement of PGE2 metabolites because of 

the rapid metabolism of PGE2 (Hamberg and Samuelsson 1971). Cayman 

Chemical’s PGE2 EIA kit was used to measure PGE2 activity because all major metabolites 

are converted into a single stable derivative which is easily measurable. RAW 264.7 cells 

were cultured in the presence or absence of LPS (1 µg/mL) and/or PSE for a total of 16 

hours. Levels of PGE2 in the media were measured by the PGE2-monoclonal enzyme 

immunoassay (EIA) (Cayman Chemical Company; Ann Arbor, Michigan) according to the 

manufacturer's instructions. Standards ranging from 7.8 to 1000 pg/ml were used. 

Absorbance was measured at 420 nm on SAFIRE
2 

microplate reader. The limit of detection 

for this assay is 50 pg/ml. 

Western Blotting of COX-2 

 
RAW 264.7 cells were cultured in the presence or absence of LPS (1 µg/mL) and/or 

 
PSE for 12 hr then washed, harvested, homogenized and stored in -80 °C until further used 

 
for western blot analysis. Using Tris-glycine gels (12%), electrophoresis was carried out with 

a Novex Minicell XCell SureLock apparatus (Life Technologies; Grand Island, NY). Bands 

were blotted to a PVDF membrane (Life Technologies; Grand Island, NY).  COX-2 (murine) 

antibody (160106, Cayman Chemical Company; Ann Arbor, Michigan) was incubated using 

a 1:300 dilution, and COX-2 bands were visualized after treatment of incubation with a HRP- 

labeled secondary antibody (Cell Signal; Danvers, MA). 

Statistical Analysis 

 
Data were analyzed using the Statistical Analysis System software (SAS, Cary, NC). 

For total phenol, ORAC, and MTT analyses analysis of variance was conducted with 
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ProcGLM using Duncan's multiple comparison test to detect differences among means 

(α=0.05). A multi-factor analysis of variance based on Proc Mixed with Tukey’s test was 

used for PGE2 analysis. 

Results 

 
Antioxidant Activity 

 
The total phenolic concentration of peanut skin extracts was reported as 292 mg 

GAE/g [1:1 acetone:water] 250  mg GAE/g PSE [90:10 ethanol:water] shown in Table 1. 

The ORAC values that were observed for this study were acetone PSE, 3060 µmol 

Trolox/100 g and ethanol, 2622 µmol Trolox/100g. There were no significant differences 

between the two solvent system mixtures used in determining the total phenolic and ORAC 

activity. 

Cell viability 

 
To understand the effects of PSE bioactive compounds, RAW 264.7 cells were 

treated with various concentrations of PSE (0.5g) and dissolved in either [1:9 ethanol: water] 

or [1:1 ethanol:water] with a final concentration of ethanol: water to 10% (v/v).  Cell 

viability was then tested using MTT assay as seen in Figure 2 (Mossman, 1983). The [1:1 

ethanol:water] system was used for this study because cell viability was not affected at higher 

concentrations of PSE. Therefore, the [1:1 ethanol:water] system was used for all cell assays. 

Inhibition of LPS-induced COX-2 and PGE2 expression by Peanut Skin Extracts 

As depicted in Figure 3a and b, co-incubation of PSE with 1 μg/mL of LPS 

 
inhibited LPS-mediated induction of PGE2 in a concentration dependent manner (p<0.05). 

This observation may suggest that the bioactive compounds in the extracts may suppress  
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PGE2 formation. Skins extracted with acetone appeared to exhibit have a greater suppression 

on PGE2 activity than ethanol extracts. To further understand the anti-inflammatory effects of 

both peanut skin extracts, COX-2 expression was analyzed using western blotting. Skins 

extracted with acetone showed greater suppression on LPS-induced COX-2 protein 

expression than ethanol extracts (Figure 4). 

 
Discussion 

 
Antioxidant Activity of Peanut Skin Extracts 

 
Peanut skins contain bioactive compounds including catechins, A-type and B-type 

procyanidin dimers, trimers and tetramers (Yu et al. 2006; Karchesy and Hemingway, 1986). 

Extraction of these compounds has been studied using various extraction solvents. Using the 

Folin-Ciocalteu reagent, Ballard et al. (2010) reported total phenolic content (TPC) of peanut 

skins extracted with ethanol as 118 mg/g. Similarly, Nepote et al. (2005) observed a 

maximum TPC of 118 mg/g from peanut skins under optimal extraction conditions [10 

min/room temperature/70% EtOH, mass ratio of 20 ml/g] in the Folin-Ciocalteu method.  Yu 

et al. (2005) measured a total phenolic content of 90-125 mg/g of dry skins using a solvent: 

mass ratio of 80 ml/g leading to the greatest recovery of total phenols.  In this study, peanut 

skins were extracted using [50:50 acetone/water] or [90:10 ethanol/water] at room 

temperature with a one hour extraction time and a solvent: mass ratio of 100 ml/g (Table 1). 

However, acetone treated peanut skins appear to exhibit a higher total phenolic value due to 

the interaction of the solvent polarity with the polyphenolic compounds.  In all cases, the 

maximum predicted TPC observed in this work was higher than that reported in previous 

studies mentioned above.  Although ethanol has been reported as an effective solvent for a  
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recovering maximum total phenolic content, our work shows that both acetone and ethanol 

had similar total phenolic content. Lou et al. (1999) used acetone to extract procyanidins as 

well as other flavonol moieties. Possibly, similar compounds may be responsible for the 

higher phenolic activity associated with the acetone fractions used in this study. 

ORAC assays were used to measure the peroxyl radical-scavenging ability of PSE 

based on Trolox antioxidant standards. The peroxyl radical is the most common free-radical 

in human biology although the hydroxyl radical, singlet oxygen, superoxide radical and 

reactive nitrogen species are also all present in biological systems (Wu et al. 2004).  ORAC 

assays provide a controllable source of peroxyl radicals that model the reaction of 

antioxidants with lipids in both food and physiological systems (Prior et al. 2005).  In this 

study, ORAC values were expressed as micromoles of Trolox equivalents (TE) per gram of 

dry peanut skins.  Ballad et al. (2009) reported ORAC values of 2049 µmol TE/g using 30% 

ethanol and 2789 µmol using [40% methanol, 52.9 °C/30 minute]. Under these optimized 

conditions, ORAC values that were measured incorporated a combination of shorter 

extraction time, high temperature and less solvent. ORAC values for a variety of commonly 

consumed fruits, vegetables, nuts and spices. Yilmaz and Toledo (2006) observed ORAC 

values of 638 and 345 µmol TE/g for Chardonnay and Merlot grape seeds. Wu et al. (2004) 

investigated the ORAC activity of blueberries and cranberries, and measured ORAC values 

of 92.1 and 92.6 μmol TE/g in blueberries and cranberries respectively. Ground cinnamon 

was reported to have the highest ORAC value (2641 μmol TE/g) of all spices evaluated (Wu 

et al. 2004).  ORAC values were found not be significant. 
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Cytotoxicity Effects of Peanut Skin Extracts 

 
For this study, the viability of RAW 264.7 macrophages treated with peanut skin 

extracts (1 and 5%) were tested using the MTT assay. The 1.0 and 5.0% levels of PSE were 

added to determine the maximum amout of PSE that could be added to RAW 264.7 

macrophages.  Two solvent systems were employed to examine cytotoxicity effects with 

respect to the cells: [1:9 ethanol:water] or [1:1 ethanol:water] with a final concentration of 

ethanol: water adjusted to 10% (v/v) (Figure 1).  The latter solvent was used for the 

remainder of the study. This observation suggested that the polarity of the solvent mixture 

may have some affect on the amount bioactive compound removed from the peanut skin. 

However, differences in peanut skin extracts (acetone or ethanol) were shown to be not 

significantly different. Macrophage viability to the solvent water combinations was also 

tested. Control wells received the same amount of ethanol: water [5 mL ethanol: 45 mL 

water] or [25 mL ethanol: 25 mL water]. At both concentrations of ethanol/water, no 

significant change was seen in cytotoxicity. 

Western Blotting Analysis of COX-2 protein expression 

 
Western blotting was performed to determine whether the inhibitory effects of PSE 

on the pro-inflammatory mediator PGE2 are modulated by the expression of COX-2. In 

unstimulated RAW 264.7 cells, COX-2 proteins were undetectable. However, in response to 

LPS, the expression levels of COX-2 were unregulated, and PSE significantly inhibited 

COX-2 expressions in a concentration-dependent manner (Figure 2). However, PSE did not 

affect the expression of the housekeeping gene β-actin. In general, these results indicate that 

the reduced expressions of COX-2 by PSE were responsible for the inhibition of PGE2 
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production.  However, the various treatment regimens were found to be not significantly 

different. 

Anti-inflammatory Activity of Peanut Skin Extracts on PGE2 production 

 
Macrophage activation is vital for the progression of multiple inflammatory diseases 

via the release of inflammatory mediators such as cytokines, nitric oxide and prostagalandins 

(Liang et al. 1999). As shown in Figure 3a and b, the effects of peanut skin extracts (1.0, 2.5 

and 5.0 %, respectively) on PGE2 activity, with and without LPS (1 μg/mL), was 

investigated. In Figures 3a and b, peanut skins treated with acetone or ethanol without LPS 

 
had a minimal effect on PGE2 activity. However, when LPS was added with the peanut skin 

extract the concentration of PGE2 decreased as the skin extract percentage increased.  This 

suggests that PGE2 formation is being suppressed by the antioxidant content in peanut skin 

extract.  There was a concentration effect only in the presence of LPS thus causing a decrease 

in inflammatory response with increasing concentration. This effect was seen using either 

solvent (acetone and ethanol). However, these results did not show any solvent effects per se. 

Suppression of PGE2 formation may be affected by the high levels of bioactive compounds, 

such as catechins and procyanidins, in peanut skins. Although classes of bioactive 

compounds in peanut skins have not been measured individually in regards to having anti- 

inflammatory properties, they have been measured in various fruits and vegetables. As far as 

we know, the effect of polyphenolic compounds in PSE on COX-2 production has not been 

studied before in this cell model although an inhibition of PGE2 activity has been measured 

by peanut skin subjected to acid hydrolysis (Cheung et al. 2009). 
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In the current study, PSE exhibited antioxidant activity and demonstrated anti- 

inflammatory properties based on PGE2 monitoring expression and COX-2 inhibition.  Based 

on the results of the present study, it is conceivable that PGE2 released in high amounts by 

macrophages in inflamed tissues where inhibited by the bioactive compounds present in PSE. 

As a result, these compounds exerted an effect on the expression of PGE2‘s synthesizing 

enzyme, COX-2. These compounds, which consist of flavonoids, have been measured for 

their anti-inflammatory activity in vitro and in vivo in other fruits and vegetables (Chi et al 

2001; Murakami et al. 2000; Soliman and Mazzio 1998). It has been observed that the 

structure of these compounds plays a vital role to their anti-inflammatory activity (Williams 

et al. 2004). Flavonoids, for example epicallogatechin gallate and epigallocatechin-3-gallate, 

which possess a C-2, 3-double bond and patterns of hydroxylation/methoxylation on the A 

and B- ring appear to inhibit COX-2 and PGE2 induction (Kim et al. 2004). These 

compounds are also found in peanut skins (Francisco and Resurreccion 2008). The dose- 

dependent inhibition of these pro-inflammatory markers demonstrates that peanut skins have 

anti-inflammatory properties. Several cellular action mechanisms are proposed to explain 

their anti-inflammatory activity, however, the mechanism of action for PSE has yet to be 

established.  The mode of action of PSE is not yet fully understood but their dose dependent 

inhibitory effect on PGE2 and COX-2 activity has been established. 

3.5 Conclusion 

 
This work shows that the extraction of natural antioxidants from peanut skin 

extracts have anti-inflammatory activity. In future studies, we plan to further investigate the 

bioactivity of these phenolics in peanut skins by determining its effect on an inflammatory 
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pathway.  This research shows that peanut skins are an inexpensive source of natural 

antioxidants that could be useful to the food and nutraceutical industries as a potential anti 

inflammatory agent. 
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Table 1: The total phenolic content and ORAC activity of peanut skin extracts (Acetone or Ethanol) was 

investigated. There was no significant differences between total phenolic content and ORAC activity. 
1

 

S.E. = standard error. 
2 

Within a column, means followed by the same letter were not significantly 

different (p<0.05). 
 

 
 
 
 

 

 
 

Extracts 

 

 
 

ORAC (µmol Trolox/100g) ± S.E. 
1
 

Total Phenols ( mg GAE/g) 

± 

 
S.E

. 
 

 

Acetone 

 
3060 ± 16702 a

2
 

 

 

292 ± 51 

a 
 

 

Ethanol 

 

 

2622 ± 31031 a 

 

 

250 ± 61 

a 
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Figure 1: RAW 264.7 cells were treated with 1.0 or 5.0% (v/v) peanut skin extracts (acetone peanut skin 

(APS) or ethanol peanut skin (EPS)) for 2 h to detect cytotoxicity. The cell viability of peanut skin extract 

was measured using the MTT assay. Relative to the negative control, cell lysates treated with peanut skin 

extracts were not significantly different. 
1
Means followed by the same letter were not significantly 

different (p<0.05). 
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Figure 2a and b: COX-2 Western Blot. Various amounts of peanut skin extracts (1, 2.5 or 5% (v/v)) 

inhibited 1μg/mL LPS induced COX-2 expression after 12 h of treatment with RAW 264.7 cells. This 

inhibition may be based on an expression effect and may inhibit activity on a protein level. The detection 

of β-actin was used as a loading control. E-PSE = ethanol peanut skin and Acet. = acetone. 
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Figure 3a and b: LPS induced PGE2 activity in RAW 264.7 cells with Acetone or Ethanol extracted 

peanut skins. Relative to the negative control, cell lysates treated with peanut skin extracts were not 

significantly different.  Various amounts of peanut skin extract (1.0, 2.5 or 5.0%) were added to RAW 

264.7 cells for 2 hours then treated with 1 μg/mL of LPS for 12 h. After 12 h of treatment with RAW 

264.7 cells, PGE2 activity was inhibited. This may suggest that COX-2 expression may also be inhibited. 
1
Means followed by the same letter were not significantly different (p<0.05). 
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CHAPTER 4: 
 
 
 
 
 
 

Enhanced Anti-inflammatory Effects of Peanut Skin 
 
 

Extracts on NF-kB expression in treated RAW 264.7 
 

 

Macrophages 
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Abstract: 
 

Nuclear factor B is a transcription factor that plays a central role in the onset of 

inflammation. Therefore, this study sought to determine the anti-inflammatory effects of PSE 

on iNOS and NF-κB in vitro. We also wanted to investigate if iNOS and NF-κB could be 

further inhibited at a longer incubation time. RAW 264.7 macrophages were treated with 

three concentrations (1.0, 2.5 and 5.0% (v/v)) of acetone and ethanol extracted peanut skin 

extacts (APSE and EPSE) and induced with an inflammatory marker, lipopolysaccharide 

(LPS) for 12 and 18 hours. The Greiss assay was used to determine nitrite levels in culture 

media. There was an increase in NO production between 12 and 18 hours when RAW 264.7 

macrophages were stimulated with the positive control LPS, however, PSE reduced NO 

production in a dose-dependent manner suggesting that inhibition had occurred.  Isolation of 

nuclear fractions was performed for the NF-κB transcription factor assay.  PSE significantly 

decreased NF-κB activity between 12 and 18 hours. PCR analysis of PSE showed nucleotide 

changes compared to the published iNOS sequence, suggesting that a single nucleotide 

polymorphism (SNP) was present. Therefore, a suggested molecular mechanism of action for 

PSE would be the inhibition of NF-κB activity. 

 
 
 
 

Keywords:  Arachis hypogaea L., peanut skins, antioxidants, anti-inflammatory, NF-κB 
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Introduction 

 
Inflammation is part of a complex biological response of tissues against foreign 

challenge or tissue injury (Choi et al. 2011). Macrophage cells are vital to the regulation of 

immune responses and the development of inflammation (Choi et al. 2011). Previous studies 

of inflammation have used RAW 264.7 murine macrophage cells because of their ability to 

enhance inflammation by secreting pro-inflammatory factors, such as tumor necrosis factor 

(TNF) and interleukin 1β (IL-1β) (Pallarès et al. 2011; Permana et al. 2006). These cellular 

responses require rapid and accurate transmission of signals from cell-surface receptors to 

signals. Signaling pathways that rely on protein phosphorylation ultimately lead to the 

activation of specific transcription factors which induce the expression of appropriate target 

genes in turn promoting chronic inflammation (Pallarès et al. 2011.) 

Activated macrophages transcriptionally express inducible nitric oxide synthase 

(iNOS), which catalyzes the oxidative deamination of L-arginine to produce nitric oxide 

(NO), thus making it responsible for prolonged production of NO (Hu 2011; Bhaskaran et al. 

2010).  High output of NO by iNOS induces deleterious effects such as inflammation 

(Bhaskaran et al. 2010). Cell wall components of bacteria and fungi trigger the innate 

immune signaling cascade, leading to expression of iNOS (Jang et al. 2004). Recent studies 

have reported that the expression of inducible nitric oxide synthase (iNOS) is regulated by 

transcription factor nuclear factor kappa B (NF-κB) (Li and Verma 2002). 

Lipopolysaccharide (LPS), a component of gram-negative bacteria cell walls, binds to LPS- 

Binding Protein (LBP), which delivers LPS to CD14, a high-affinity LPS receptor (Jang et al. 

 
2004). Toll-like receptor 4 (TRL4) in conjunction with the small extracellular protein, MD2, 
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interacts with the CD14-LPS complex, and then activates an intracellular signaling cascade 

via adaptors that include Interleukin-1 Receptor-Associated Kinase (IRAK) (Davis et al. 

2005). LPS activation of TLR4 also leads to phosphorylation of IKK (Inhibitor of Kappa B 

Kinase), which phosphorylates ikappaB causing a release of NF-κB (Hu 2011). 

The transcription nuclear factor-kappa B (NF-κB) consists of a family of transcription 

factors that includes RelA (p65), NF-κB1 (p50 and p105), NF-κB2 (p52 and p100), c-Rel and 

RelB (Medzhitov and Horng 2009). In its inactive state, the family of transcription factors 

that make up NF-kB are retained in the cytoplasm by IkB thus preventing NF-kB activation 

and inhibiting nuclear accumulation (Muriel 2009; Marienfield et al. 2003). However, when 

NF-κB is in its active site, it turns on the expression of genes that help cells to proliferate as 

well as protect the cell from conditions that would otherwise cause it to die via apoptosis 

(Paur et al. 2011). The NF-kB pathway has been linked to pro-inflammatory effects thus 

serving as a critical regulator in the production of inflammatory mediators in LPS-evoked 

macrophage inflammation (Medzhitov and Horng 2009).  NF-κB controls many genes 

involved in inflammation, which links NF-κB activity to many inflammatory diseases such as 

arthritis and asthma, amongst others (Muriel 2009). It has been reported that inhibition of 

NF-κB activation could decrease the over expression of iNOS, cycclooxygenase 2 (COX-2) 

and other inflammatory mediators (D’Acquisto et al. 2002; Lee et al. 2009). Therefore, it has 

been suggested that regulation of NF-κB should be one of the major target for the treatment 

of inflammatory diseases (Yamamoto and Gaynor 2001; Yan and Geer 2008). 

Many natural products including antioxidants that have been promoted as having 

anti-inflammatory activity have also been shown to inhibit NF-κB (Rahman et al. 2006; 
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2004; Paur et al. 2011).  Polyphenols have been shown to exert their anti-inflammatory 

activity by modulating NF-κB activation and acting at multiple steps of the activation process 

(Rahman et al. 2006; 2004). Paur et al. (2011) reported that extracts from various herbs and 

dietary plants such as oregano, walnuts and thyme are efficient inhibitors of NF-κB 

activation in vivo. Polyphenolics in green tea such as (-)-epigallocatechin-3-gallate (EGCG) 

 
has been reported to inhibit TPA induced DNA binding of NF-κB in vivo (Khan and Mukhtar 

 
2008). It has also been reported that peanut stilbenoids are efficient inhibitors of NF-κB 

dependent transcription when activated by LPS (Sobolev et al. 2011). The assumed 

mechanism of action was inhibition of IL-1β-mediated IL-1β-receptor-associated kinase 

(IRAK) degradation and the signaling events downstream from IRAK degradation such as 

IKK activation, IκBα degradation, and NF-κB activation (Yang et al. 2001). The IKK 

appears to be a key control point for NF-κB activation and may be considered a suitable 

target for modulating NF-κB-mediated cellular responses (Yang et al. 2001). In activated 

RAW 264.7 macrophages, the expression of iNOS mRNA and protein was strongly inhibited 

by a mixture of polyphenols obtained from grape seeds, likely through the reduction of 

nuclear NF-κB (p65) and of IκBα mRNA production (Terra 2007). Similarly, in activated 

human mast cell lines, quercetin decreased the expression of pro-inflammatory cytokines 

TNFα, IL-1β, IL-6 and IL-8, by inhibiting the degradation of IκBα and the nuclear 

translocation of p65, thus blocking NF-κB activation (Min et al. 2007). 

In a previous study, we reported that peanut skins had anti-inflammatory effects in 

RAW 264.7 macrophage cells by reducing COX-2 expression, suggesting that peanut skins 

may have potential use as an anti-inflammatory agent. However, the molecular basis of 
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action of these bioactive compounds in regards to their anti-inflammatory effects has yet to 

be explored. Therefore, the aim of this study was to investigate the molecular mechanism of 

action of peanut skin extracts added to RAW 264.7 macrophage cells that was stimulated by 

lipopolysaccharide (LPS) by (i) evaluating nitric oxide production and (ii) its effect on NF- 

κB transcription factor pathway. 

Materials and Methods 
 
Chemicals and sample collection 

 
Peanut skins (mixture of Runners and Virginia) were obtained by blanching from a 

commercial peanut processor (Jimbo’s Jumbo, Edenton, NC).  RAW 264.7 cells, a murine 

monocyte/macrophage cell line, were obtained from American Type Culture Collection. 

Dulbecco's modified Eagle's medium (DMEM), Fetal Bovine Serum (FBS) and antibiotics 

(100x Penicillin Streptomycin Glutamine) were purchased from Invitrogen (Carlsbad, CA). 

Lipopolysaccharide (LPS) from Escherichia coli Serotype 0111:B4 was obtained from Sigma 

Aldrich (St. Louis, MO). Polymerase Chain Reaction (PCR) primers were purchased from 

Eurofins MWG Operon (Huntersville, AL). 

Preparation of peanut skins extracts 

 
Peanut skins were defatted by stirring covered in 600 mL of hexane (Fisher 

Scientific; Pittsburgh, PA) at room temperature overnight. Hexane was removed by vacuum 

filtration. Skins were dispersed to antoher in 200 mL of hexane and then stirred for 3 hours. 

The supernatant was poured off and defatted skins were air dried overnight, then milled to a 

fine powder using a Wiley Mill Model 4 (Arthur H. Thomas Company; Philadelphia, PA). 

Polyphenolic compounds were extracted by adding ten grams of milled peanut skins to 
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100 ml of solvent mixture (10 mL solvent/g skins) (ethanol/water 90/10, v/v or acetone/water 

 
50/50, v/v) at room temperature.  The mixture was stirred for 120 min. After the extraction, 

samples were filtered with Whatman No. 1 filter paper (GE Healthcare Life Sciences; 

Piscataway, NJ) and the supernatant collected was washed with 2 × 25 ml of solvent 

(ethanol/water 90/10, v/v or acetone/water 50/50, v/v). Solvent from the supernatant was 

dried using a vacuum rotary evaporator (BUCHI Labortechnik AG; Flawil, Switzerland) at 

50 °C.  Once all of the solvent was removed, crude extracts, which contained only water, 

were freeze-dried using VirTis Freeze Dryer (VirTis, Gardiner, NY) and stored in 4 °C 

without light. Freeze-dried samples were stored in -20°C until analysis. There were three 

replications of each treatment. 

Cell culture and sample treatment 

 
RAW 264.7 cells (American Type Culture Collection (ATCC); Manassas, VA) were 

cultured with Dulbecco's modified Eagle's medium (DMEM) containing 10% (FBS) and 1% 

antibiotics (40 U/ml penicillin and 40 µg/ml streptomycin), under 5% CO2 at 37 °C.  Cell 

viability was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

(MTT) assay (Mosmann 1983). Freeze dried samples (0.5 g skins) were redissolved in 50 mL 

of a 1:1 ratio of ethanol:water (0.01 mL solvent/g skins) for cell analyses. Cells were 

incubated with acetone peanut skin extracts (APSE) or ethanol peanut skin extracts (EPSE) at 

concentrations of 1, 2.5 and 5% (v/v) and then stimulated with LPS (1 µg/mL) for 12 and 18 

hours. 
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MTT assay for cell viability 
 

RAW 264.7 cells were plated at a density of 10
5 

cells/well in 12-well plates (Fisher 

Scientific, Pittsburgh, Pa).  A dose-response curve consisting of various concentrations of 

APSE and EPSE with or without LPS at timepoints 0, 6, 12, 18, 20 or 24 hours were added to 

RAW 264.7 cells in order to determine the appropriate time-point not toxic to cells. Cell 

viability declined after 18 hours, therefore, for this study, studies were performed at 12 and 

18 hours. Viabilities were determined using colorimetric MTT assays, as described 

previously by Mossman (1983). 

Nitrite Determination 

 
Nitric oxide (NO) is a molecular mediator in many biological systems including 

vasodilation, inflammation, immunity and neurotransmission (Harold et al. 1994). Due to its 

involvement in a variety of systems, there is interest in measuring NO in biological tissues 

and fluids remains strong. In order to measure nitric oxide formation, one must measure 

nitrite (NO2
-
), which is one of two primary, stable and nonvolatile breakdown products of 

NO.  A number of methods have been reported to measure nitrite (Tracey et al. 1990; Stuehr 

 
et al. 1989; Ignarro et al. 1987). One of these methods utilizes the Griess diazotization 

reaction to spectrophotometrically detect nitrite formed by the spontaneous oxidation of NO 

under physiological conditions. The Greiss assay consists of a diazotization reaction that was 

originally described by Greiss in 1879 (Greiss 1879). However, many modifications to the 

original reaction have been made since then (Chaea et al. 2004; Campos-Neto et al. 1998). 

RAW 264.7 cells were plated at 4 x 10
5 

cells/well in 12-well plates and then 

 
incubated with or without LPS (1 μg/mL) in the absence or presence of various 
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concentrations (1, 2.5 or 5%) of APSE and EPSE for 12 and 18 hours. Nitrite levels in 

culture media were measured by the Griess assay (Promega; Madison, WI) according to the 

manufacturer's instructions. Briefly, 50 μl of cell culture was mixed with 50 μl of Griess 

reagent [equal volumes of 1% (w/v) sulfanilamide in 5% (v/v) phosphoric acid and 0.1% 

(w/v) N-1-naphtylethylenediamine-HCl], and incubated at room temperature for 10 minutes. 

Absorbance was measured at 520 nm using a SAFIRE
2 

microplate reader. Fresh culture 

 
media were used as blanks in all experiments. Nitrite levels in samples were quantified using 

a standard sodium nitrite curve (100, 50, 25, 12.5, 6.25, 3.13 and 1.56μM). Nitrite sensitivity 

depends on the matrix that is being analyzed. The limit of detection was 2.5 µM (125 pmol) 

nitrite (in ultrapure, deionized distilled water). 

Preparation of Nuclear Extracts 

 
Isolation of nuclear fractions was used for the NF-κB transcription factor assay kit 

according to the manufacturer's instructions.  Cytoplasmic and nuclear extracts were prepared 

using Cayman’s Nuclear Extraction Kit (Cayman Chemical Company; Ann Arbor, MI). 

RAW 264.7 cells were plated at 4 x 10
5 

cells/well in 12-well plates and then incubated with 

 
or without LPS (1 μg/mL) in the absence or presence of various concentrations (1, 2.5 or 5%) 

of APSE and EPSE for 12 and 18 hours. Nuclear extracts were stored in -80°C until analysis. 

The assay was performed in triplicate. 

NF-κB (p65) Transcription Factor Activity 

 
Specific transcription factor DNA binding activity in nuclear extracts was detected 

using the NF-κB (p65) Transcription Factor Assay (Cayman Chemical Company; Ann Arbor, 

MI) according to the manufacturer's instructions. The response element of NF-κB was 
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detected at an absorbance measured at 450 nm on SAFIRE
2 

microplate reader. The assay was 

performed in triplicate. 

DNA preparation and PCR (Polymerase Chain Reaction) 

 
Total DNA was isolated from cells by using Purelink Genomic DNA Extraction Kit 

(Life Technologies, Grand Island, NY) as described by the manufacturer. This kit, which is 

commonly used, isolates mitochondria DNA from purified mammalian mitochondria (Guo et 

al. 2009; Muñoz-Cadavid et al. 2008). DNA extracts were suspended in nuclease-free water 

and frozen at -20 °C until PCR analyses were performed. PCR master mix containing 1U Taq 

polymerase (New England Biolabs; Ipswich, MA), 10 µM forward and reverse primers 

(Eurofins MWG Operon; Huntsville, AL), 1x standard buffer with MgCl2 (New England 

Biolabs; Ipswich, MA), and 5 µl of 5 ng/µl of DNA sample was added to peanut extract PCR 

samples for a total volume of 25 l. The PCR primers for mouse iNOS gene (Genebank, 

accession no: AF427516.1) are as follows: 5’-TTCTGTTTCCTGTGGAGCCTGGAT-3’ 

(forward) and 5’- TGGCCCCTTGAACTCACCATCCTCTT-3’ (reverse) (Eurofins MWG 

Operon; Huntsville, AL). The PCR was carried out in an Eppendorf Mastercycler pro 

(Hamburg, Germany) under the following conditions: initial denaturation at 95 °C for 5 min; 

95 °C for 30 sec; 57 °C for 30 sec; 30 cycles of 72 °C for 2 min, and 72 °C for a 4 min final 

denaturing step. The amplified PCR products were separated by 1% agarose (SeaKem LE 

agarose; Cambrex BioScience Rockland, Inc.; Rockland, ME)) gel electrophoresis in 1x Tris- 

Acetate-EDTA (TAE) buffer. After separation, amplified products were visualized after 

soaking in GelStar Nucleic Acid Gel Stain (Lonzo; Rockland, ME). A 528 bp products was 

amplified. A 1 kb γ ladder (New England Biolabs; Ipswich, MA) was used to assure the 
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product was the correct size. Gene sequencing was conducted by Eton Bioscience, Inc (San 

 
Diego, CA). 

 
Statistical Analysis 

 
Results are expressed as the means ± S. D. of triplicate experiments (Fig. 1, 3-8; 

 
Table 1) (SAS 2012). A statistical model was created in order to test for significance amongst 

treatment: Yijk = μ + αi + τj (ατ)ij + ε ijk with i = sample treatments, j = incubation times (0, 6, 

12, etc) and k = triplicate experiments.  Statistically significant values were compared using 

 
ANOVA and proc glmix. P-values of less than 0.001 were considered statistically significant. 

 
Results 

 
Effects of APSE or EPSE on LPS-induced NO production and cell viability 

 
The cell viability of APSE and EPSE was assessed in macrophages at various 

incubation times of 0, 6, 12, 18, 20 and 24 hours, respectively (Figure 1). Macrophages were 

treated with APSE or EPSE at doses of 1, 2.5 and 5% (v/v) with or without the addition of 

LPS (1μg/mL) for the incubation times described above. These incubation periods 

determined which incubation time would be used for this study to evaluate the anti- 

inflammatory activity of APSE and EPSE as well as determine when the macrophages would 

reach apoptosis (below 80% viability). A statistical model was conducted to evaluate the 

following factors: time, extract and addition on LPS, respectively. Treatments were arranged 

according to a 2x2x3x6 complete crossed factorial design of the four factors extract, lps, 

concentration and time, with an additional positive control.  The sums of squares for the main 

and interaction effects from the complete portion of the arrangement of treatments were 

recovered by nesting these factors within an additional indicator factor called “control". The 
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sums of squares are given in Table 1. The nature of the time-by-concentration (control) 

interaction was that the decline in viability over time appeared to be more pronounced as 

concentration increases (Figure 1 and 2). This further suggested that the study should not be 

conducted past a 20 hour incubation period as cell viability (less than 80% viability) was 

affected and should be conducted between 12 and 18 hours (Fig. 2, 3 and 4). However, the 12 

hour incubation did show significant difference amongst treatments which may suggest there 

was an effect on cell viability between treatments of 2.5 and 5% EPSE or APSE, respectively 

(p<0.001). 

To evaluate the anti-inflammatory activity of APSE or EPSE, we investigated the 

effect of these extracts on NO production in RAW 264.7 cells stimulated by LPS using the 

Greiss assay. Unstimulated macrophages after 12 or 18 hours of incubation in culture 

produced background levels of nitrite. After treatment with LPS (1 μg/mL) for 12 hour, 

nitrite concentration was increased about fourfold (4 uM, 12 hours) (p<0.001) (Fig. 5). At a 

longer incubation time of 18 hours, nitrite concentration increased after treatment with LPS 

(~7 uM, 18 hours). When macrophages were incubated with various concentrations of each 

extract (1, 25, 5 % (v/v)) together with 1 μg/mL of LPS for either 12 or 18 hours, significant 

concentration dependent inhibition of nitrite production was found in the presence of APSE 

and EPSE (Fig. 2 and 3).   However, APSE and EPSE showed NO inhibition in the presence 

of LPS as nitrite synthesis decreased to basal levels. This may suggest that APSE and EPSE 

may have pro and anti-inflammatory activity for NO production (Fig. 5). 
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Effects of NF-κB production 

 
In the present study, NF-κB activation was increased when RAW 264.7 cells were 

stimulated with LPS. Macrophages were challenged for 12 and 18 hours to compare and 

contrast which incubation time produced more inhibition of the p65 subunit of NF-κB. APSE 

and EPSE at doses of 1, 2.5 and 5% (v/v) inhibited the binding activity of p65 in a dose- 

dependent manner (Fig. 6 and 7).  Following incubation with LPS, the binding of NF-κB was 

increased in the nuclear fraction of macrophages compared to unstimulated fractions. The 

NF-κB binding activity was significantly inhibited at both incubation times of 12 and 18 

hours (p<0.001). However, at the 18 hour incubation time point, there was a severe decrease 

in NF-κB binding activity. 

Effects of APSE or EPSE on LPS-induced iNOS DNA expression 

 
In order to conduct gene sequencing of APSE and EPSE treatments, PCR was 

performed. The sequences were then compared to the published iNOS gene (Genebank, 

accession no: AF427516.1) (Fig. 8).  APSE and EPSE showed nucleotide changes within the 

first 90 nucleotides when compared to the iNOS gene. Samples 2.5% APSE with LPS and 

5% EPSE had differing polypeptide sequences compared to the iNOS gene. This may imply 

a single nucleotide polymorphism (SNPs) had occurred. 

Discussion 

 
In a previous study (Chapter 3), we reported that polyphenolic compounds in peanut 

skin extracts (PSE) were found to possess anti-inflammatory and immunomodulatory 

activities in vitro. The cellular action mechanism of these compounds for their 

pharmacological activities have been reported in our previous study partly as involving 
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inhibition of cyclooxygenase/prostaglandin E2 (PGE2) and their antioxidative nature. In this 

investigation, our study clearly showed that PSE inhibited NO production from LPS- 

activated RAW 264.7 cells.  In our model, 2-hr pre-treatment of RAW 264.7 macrophages 

with non-toxic amounts of PSE, followed by stimulation with LPS for both 12 and 18 hr 

caused a dose-dependent decrease in NO released (p<0.001). However, at the 12 hr 

incubation time NO levels were inhibited to basal levels. Several studies have implicated that 

production of NO may take place between 18-24 hr (Kim et al. 1999; Gentile et al. 2012; 

Chiou et al. 2000; Xie et al. 1994); which would explain why very little NO was produced 

for our study. We chose the 12 hr incubation due to our previous study which reported 

inhibition of PGE2 by PSE at 12 hr. However, different pathways control the expression of 

iNOS or PGE2; whereas the main regulatory step for iNOS is the activation of the 

transcription factor NF-κB (Aktan 2004). A longer incubation may have caused a higher 

level of NO to be produced, however, due to the cytotoxicity of PSE past a 20 hour 

incubation period a longer incubation period could not be used for this study. 

Various interconnected signal transduction pathways are conncected to macrophage 

activation, with NF-κB playing a central role in orchestrating an inflammatory response to a 

wide range of insults, including LPS (Baeurle and Henkel 1994; Gentile et al. 2012). In 

resting cells, NF-κB exists in the cytoplasm as a p65/p50 heterodimer with the p65 subunit 

containing the transcriptional activation domain bound to an inhibitory protein from the IκB 

family. Activation of NF-κB in macrophages is achieved via phosphorylation and subsequent 

degradation of IκB followed by nuclear translocation of the p65/p50 dimer and its binding to 

specific response element in DNA (Victor et al. 2004). In our study, an increase in the 
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nuclear p65 subunit consequent to LPS stimulation was dose dependently inhibited by PSE 

pre-treatment of RAW 264.7 macrophages (p<0.001). Considering that NF-κB in synergy 

with other transcriptional activators, coordinates the gene expression for pro-inflammatory 

enzymes and cytokines, including iNOS and COX-2 (Barnes and Karin 1997), these findings 

suggest that anti-inflammatory activity of PSE is at least in part mediated by inhibition of the 

NF-κB activation pathway. Sobolev et al. (2011) also reported an inhibition of NF-κB when 

SW1353 cells were treated with peanut stilbenoids. 

There is a correlation between iNOS gene expression and protein production; 

therefore, detection of DNA is an alternative method of demonstrating iNOS induction (Li et 

al 2006; Geller et al. 1993).  One way of measuring gene expression is using a method called 

polymerase chain reaction (PCR). One application of PCR includes DNA sequencing, which 

determines unknown PCR-amplified sequences. The amplification primers may be used in 

Sanger sequencing, a method is based on amplification of the DNA fragment to be sequenced 

by DNA polymerase and incorporation of modified nucleotides (Sanger and Coulson 1975). 

Quantitative PCR methods allow the estimation of the amount of a given sequence present in 

a sample, which can be applied to quantitatively determine levels of gene expression. In this 

study, we used PCR to conduct gene sequencing of APSE and EPSE treatments. As reported 

above, APSE and EPSE (2.5% APSE with LPS and 5% EPSE) treatments had differing 

polypeptide sequences compared to the iNOS gene. This would imply that a single nucleotide 

polymorphism had occurred. A single nucleotide polymorphism (SNP) is identified as a 

DNA sequence variation occurring when a single nucleotide: A, T, C, or G in the genome 

differs between members of a biological species or paired chromosomes in an individual 
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(Thomas 2008; Vos et al 1995; Botstein et al 1980).  If a different polypeptide sequence is 

produced, the polymorphism is a replacement polymorphism. A replacement polymorphism 

change may be either missense, which results in a different amino acid being produced; or 

nonsense, which results in a promoter stop codon, a nucleotide triplet within messenger RNA 

(mRNA) that signals a termination of translation. If a SNP produces the same polypeptide 

sequence, a synonymous polymorphism or silent mutation is present. Samples 2.5% APSE 

with LPS and 5% EPSE had differing polypeptide sequences compared to the iNOS gene. 

The remaining treatments that were investigated in this study had the same genetic sequence 

as the iNOS gene, which may suggest that a synonymous polymorphism may have occurred 

(Fig. 8). 

Difference in genetics between individuals is of extreme importance in medicine. In 

many low frequency diseases such as Huntington’s disease and Paget disease of bone, 

genetic differences can determine with certainty whether or not diseases will develop 

(Antonarakis et al. 2000; McKusick and Amberger 1993; Sommer and Ketterling 1996).  For 

most relatively widely spread ‘common’ diseases, genetic differences can also influence the 

relative probability of developing a disease (Boerwinkle 1996; Copper and Clayton 1988; 

Lander 1996; Roses 1997).  SNPs are of particular interest due to their potential as genetic 

markers that can be correlated with genetic markers in a wide variety of human diseases and 

other traits (Thomas, 2008). Nitric oxide (NO) is a molecular mediator in many biological 

systems including vasodilation, inflammation, immunity and neurotransmission (Harold et al. 

1994).  It is a heme-containing monooxygenase with a reductase and an oxygenase domain 

 
(Harold et al. 1994). Resting cells cannot synthesize NO because they lack the inducible NO 
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synthase (iNOS), the enzyme that synthesizes nitric oxide (Lowenstein and Padalko 2004). 

However, a variety of extracellular stimuli, for example LPS, can activate certain signaling 

pathways that converge to initiate expression of iNOS (Xie et al. 1994). iNOS is regulated at 

the gene expression level; once expressed, it produces NO at a high rate (Hampl et al. 2000). 

Previous studies have shown that iNOS gene expression and subsequent NO production may 

be controlled by various agonists, such as TNF-α, IL-8, IL-1β and LPS, especially in 

combination with IFN-γ, in both mice and human (Bruch-Gerharz et al. 1996; Summersgill 

1995; Saura 1999; Zhang et al. 2011). SNPs have been used to report various polymorphisms 

of the iNOS gene in different etiologies in diseases. Zhang et al. (2011) reported that they 

genotyped three polymorphisms of the iNOS gene using PCR methods to explain the 

etiology of vitiligo in the Chinese population. Out of the three SNPs that were reported, one 

of the SNPs had an association with vitilgo, suggesting that persons who had this 

polymorphism were associated to having a higher risk of vitilgo.  On the other hand, 

enhanced levels of NO has also been reported to provide a lower risk of malaria due to the 

SNPs in the promoter of iNOS gene termed NOS2
Lambaréné 

(G-954C) mutation (Kun et al. 

2001). 

 
In the above scenario, the mutations in the coding region of the gene of interest are 

the dominant issue. However, a mutant protein may lead to alteration of how the expression 

of genetic information is regulated. Similarly, small molecules produced by concerted 

enzyme action in the various pathways of the cell can feed back to regulate the activity of the 

protein and gene expression via hormonally-sensitive receptors (Barnes 2008). For example, 

endogenously produced eicosanoids (pro-inflammatory and anti-inflammatory) interact with 
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a variety of receptors that can alter the expression of a large number of relevant genes when 

activated (Barnes 2008). Therefore, activation of a receptor is not restricted to endogenous 

compounds; as some ligands are derived directly from the diet (Martin et al. 1978). Thus the 

diet becomes an important regulator of gene expression with the potential to offset the effects 

of the generation of SNPs that an individual may have (Myzack et al. 2004). 

Bioactive compounds naturally found in foods may contribute to protect cells against 

the deleterious effects of inflammation (Maldonado-Rojas et al. 2012). These anti- 

inflammatory properties have been linked to the modulation of transcription factors that 

control expression of inflammation related genes, such as iNOS, rather than directly 

inhibiting these proteins (Maldonado-Rojas et al. 2012; Pan et al. 2009). In addition to their 

antioxidant capacity it has been reported that compounds of plant origin may regulate 

different signaling pathways in some diseases (Lansky et al. 2008; Balick et al. 2005). This 

list of molecules includes proanthocyanidins, terpenoids, omega-3, polyunsatured fatty acids, 

among others. Some of these molecules from this list have been reported in peanut skins. Yu 

et al. (2005) reported three classes of phenolics found in peanut skin extracts including 

phenolic acids (gallic acid and caffeic acid), flavonoids (catechin, epicatechin gallate) and 

stilbene (resveratrol). All of these classes of phenolics have been reported to have an 

inhibitory effect on iNOS and Nf-κB expression (Pan et al. 2009; Ahn et al. 2008; Kundu et 

al. 2007; Lee et al. 2006; Wheeler et al. 2004). Epigallocatechin gallate (EGCG), a 

component in green and black tea as well as peanut skins, has been reported to inhibit LPS- 

induced iNOS gene expression and iNOS activity in cultured macrophages (Hou et al. 2007). 

Lin et al. (1997) proposed EGCG inhibits iNOS activation by preventing binding of the 
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essential transcription factor NF-κB to the iNOS promoter, which results in decreased 

transcription of the iNOS gene. They also reported inhibition of iNOS protein in activated 

macrophages by gallic acid and epicatechin. Another reported mechanism of action has also 

been reported in other flavanoids found in the peanut; however it is yet to be investigated in 

peanut skins. Maldonado-Rojas et al (2012) reported cyanidin-3-sambubioside, found in 

peanut but not peanut skins, could inhibit expression of iNOS because of its high binding 

affinity for the protein. Cyanidin-3-sambubioside could directly bind with iNOS catalytic 

site, which is important for its enzymatic activity. 

Although a SNP has been identified in our data, the extent to which genotype it influences in 

the inflammatory process whether directly or indirectly remains to be investigated. 

Conclusion 

The aim of this study was to investigate a molecular mechanism of action to explain 

peanut skin extracts anti-inflammatory activity in RAW 264.7 macrophage cells. We 

evaluated nitric oxide production and NF-κB transcription factor pathway at two different 

time points, 12 and 18 hours. There was an increase in NO production between 12 and 18 

hours when RAW 264.7 macrophages were stimulated with the positive control LPS, 

however, PSE reduced NO production in a dose-dependent manner suggesting that inhibition 

had occurred.  In this study, we report that NF-κB activity significantly decreased from 12 

and 18 hours. Gene sequencing of PSE was compared to the published iNOS gene. 

Compared to the iNOS gene, PSE showed nucleotide changes within its sequence, suggesting 

that a SNP had occurred.  The transcription factor NF-κB controls many genes in 

inflammation and has reported that inhibition of this transcription factory results in a 
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decrease of expression of iNOS. Therefore, we conclude that a suggested molecular 

mechanism of action for PSE may be the reduction of NF-KB activity. However, other 

inflammatory mediators such as IFN-y that have been reported to activate NF-KB will need to 

be further investigated. 
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Figure 1: The effects of APSE and EPSE on cell viability in RAW 264.7 cells. Cells were treated with 

different concentration of APSE or EPSE (1.0, 2.5 or 5.0% (v/v)) for 2 h then induced with LPS for 0, 6, 

12, 18, 20 or 24 hours. Control values were obtained in the absence of LPS (positive control), APSE and 

EPSE. A viability of less than 80% was not used for the study. Values are means of ± S. D. of three 

independent experiments. *p<0.001 significances between treated groups were determined using 

ANOVA. Significant differences amongst treatments are shown as #. 
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Table 1: Sum of Squares Table for Dose-Response Curve. A 2x2x3x6 complete crossed factorial design of 

the four factors extract, lps, concentration and time, with an additional positive control were analyzed 

using proc glmix. The main and interaction effects from the arrangement of treatments, were recovered 

by nesting these factors within an additional indicator factor called ``control". 
 

 
 
 

Source DF Sum of Squares Mean Square F Value Pr > F 

Model 77 17.80466289 0.23122939 2.49 <.0001 

Error 156 14.47458072 0.09278577   
Corrected Total 233 32.27924361    

 
R-Square Coeff Var Root MSE lviable Mean 

0.551582 6.801085 0.304608 4.478808 
 

Source DF Type I SS Mean Square F Value Pr > F 

PosCont 1 0.11924175 0.11924175 1.29 0.2587 

extract(PosCont) 1 0.00039328 0.00039328 0.00 0.9482 

conc(PosCont) 2 2.74247077 1.37123538 14.78 <.0001 

addL(PosCont) 1 0.53965740 0.53965740 5.82 0.0170 

extrac*conc(PosCont) 2 0.08448913 0.04224456 0.46 0.6351 

addL*extrac(PosCont) 1 0.00116654 0.00116654 0.01 0.9109 

addL*conc(PosCont) 2 0.05473505 0.02736753 0.29 0.7450 

addL*extr*conc(PosC) 2 0.09584935 0.04792467 0.52 0.5976 

Timec 5 7.88389653 1.57677931 16.99 <.0001 

timec*PosCont 5 0.71402617 0.14280523 1.54 0.1807 

timec*extrac(PosCon) 5 0.04971826 0.00994365 0.11 0.9906 

timec*conc(PosCont) 10 3.39075396 0.33907540 3.65 0.0002 

timec*addL(PosCont) 5 0.28438859 0.05687772 0.61 0.6901 

time*extr*conc(PosC) 10 0.50174095 0.05017410 0.54 0.8591 

time*addL*extr(PosC) 5 0.27753913 0.05550783 0.60 0.7013 

time*addL*conc(PosC) 10 0.60882826 0.06088283 0.66 0.7634 

tim*add*ext*con(Pos) 10 0.45576774 0.04557677 0.49 0.8939 
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Figure 2: A decline in viability over time appeared to be more pronounced as concentration increases as 

shown here in the LSMEANS plot. 
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Figure 3a and b: The effects of cell viability by APSE (A) and EPSE (B) in RAW 264.7 cells were 

measured using MTT assay. Cells were treated with different concentration of APSE or EPSE (1, 2.5 or 

5% (v/v)) for 2 h then induced with LPS for 12 hours. Control with the addition of LPS was used as a 

positive control (A and B). Values are means of ± S. D. of three independent experiments. *p<0.001 

significances between treated groups were determined using ANOVA. Significant differences amongst 

treatments are shown as #. 
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Figure 4a and b: The effects of cell viability by APSE (A) and EPSE (B) in RAW 264.7 cells were 

measured using MTT assay. Cells were treated with different concentration of APSE or EPSE (1, 2.5 or 

5% (v/v)) for 2 h then induced with LPS for 18hours. Control with the addition of LPS was used as a 

positive control (A and B). Values are means of ± S. D. of three independent experiments. *p<0.001 

significances between treated groups were determined using ANOVA. Significant differences amongst 

treatments are shown as #. 
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Figure 5a and b: The effect of LPS induces NO by APSE (A) and EPSE (B) in RAW 264.7 cells. Cells 

were treated with different concentration of APSE or EPSE (1, 2.5 or 5% (v/v)) for 2 h then induced with 

LPS for 12 (A) and 18 hrs (B). Control values were obtained in the absence of LPS (positive control), 

APSE and EPSE at a concentration of 10 μM (A). Values are means of ± S. D. of three independent 

experiments. *p<0.001 significances between treated groups were determined using ANOVA. Significant 

differences amongst treatments are shown as #. 
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Figure 6a and b: The inhibitory effects of EPSE on LPS-induced NF-κB production in RAW 264.7 cells. 

Nuclear extracts were prepared from control, or pretreated with different concentrations (1, 2.5, 5% 

(v/v)) of EPSE for 2 hr, then with LPS (1 μg/ml) for either 12 hr (A) or 18 hr (B) and analyzed for NF-κB 

binding. The data shown are representative of three independent experiments. The values shown are 

means ±S.D. of three independent experiments. Significant differences amongst treatments are shown as 
#. 
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Figure 7a and b: The inhibitory effects of APSE on LPS-induced NF-κB production in RAW 264.7 cells. 

Nuclear extracts were prepared from control, or pretreated with different concentrations (1, 2.5, 5% 

(v/v)) of APSE for 2 hr, then with LPS (1 μg/ml) for either 12 hr (A) or 18 hr (B) and analyzed for NF -κB 

binding. The data shown are representative of three independent experiments. The values shown are 

means ±S.D. of three independent experiments. Significant differences amongst treatments are shown as 

#. 
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Figure 8: The effects of APSE and EPSE on LPS-induced iNOS protein (A) and their DNA expression (B) 
in RAW 264.7 cells. Genomic total DNA was prepared for PCR of iNOS gene expression from RAW 

264.7 macrophages stimulated with LPS (1 μg/ml) with/without APSE or EPSE (1, 2.5, 5% (v/v)) for 18 

hr. The experiment was repeated three times and similar results were obtained. Gene sequencing 

differences in LPS-induced iNOS expression was obtained. The *and space characters demonstrates 

where nucleotides differ from iNOS gene. 
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iNOS → 
 

B 
 
iNOS ACGGGGATTTAACAAATGTTTGCCCCATGTGTGCCATGCATTAGCTATGGGTTCATACAA 60 

 Control ACGGGGATTTAACAAATGTTTGCCCCATGTGTGCCATGCATTAGCTATGGGTTCATACAA 60 

1%EPSE ACGGGGATTTAACAAATGTTTGCCCCATGTGTGCCATGCATTAGCTATGGGTTCATACAA 60 

5%EPSE ACGGGGATTTAACAAATGTTTGCCCCATGTGTGCCATGCATTAGCTATGGGTTCATACAA 60 

 1%APSE ACGGGGATTTAACAAATGTTTGCCCCATGTGTGCCATGCATTAGCTATGGGTTCATACAA 60 

2.5%APSE ACGGGGATTTAACAAATGTTTGCCCCATGTGTGCCATGCATTAGCTATGGGTTCATACAA 60 

5%APSE ACGGGGATTTAACAAATGTTTGCCCCATGTGTGCCATGCATTAGCTATGGGTTCATACAA 60 

 1%APSE-LPS ACGGGGATTTAACAAATGTTTGCCCCATGTGTGCCATGCATTAGCTATGGGTTCATACAA 60 

2.5%APSELPS ACGGGGATTTAACAAATGTTTGCACCATGTGTGCCATGCATAAGCTATGGGTTCATACAA 60 

*********************** ***************** ****************** 

iNOS TGTCCTCCAGGACTGGGACACTCTCTGGAAGATTAATTTTGTGCTCACTGGAGTAAAGGG 120 

Control TGTCCTCCAGGACTGGGACACTCTCTGGAAGATTAATTTTGTGCTCACTGGAGTAAAGGG 120 

1%EPSE TGTCCTCCAGGACTGGGACACTCTCTGGAAGATTAATTTTGTGCTCACTGGAGTAAAGGG 120 

5%EPSE TGTCCTCCAGGACTGGGACACTCTCTGGAAGATTAATTTTGTGCTCACTGGAGTAAAGGG 120 

1%APSE TGTCCTCCAGGACTGGGACACTCTCTGGAAGATTAATTTTGTGCTCACTGGAGTAAAGGG 120 

2.5%APSE TGTCCTCCAGGACTGGGACACTCTCTGGAAGATTAATTTTGTGCTCACTGGAGTAAAGGG 120 

5%APSE TGTCCTCCAGGACTGGGACACTCTCTGGAAGATTAATTTTGTGCTCACTGGAGTAAAGGG 120 

1%APSE-LPS TGTCCTCCAGGACTGGGACACTCTCTGGAAGATTAATTTTGTGCTCACTGGAGTAAAGGG 120 

2.5%APSE-LPS TGTCCTTCAGGACTGGGACACTCTCTGGAAGATTAATTTTGTGCTCACTGGAGTAAAGGG 120 

****** ***************************************************** 

iNOS TGGTGAGCTAACACAAAGAAGGAAGAGCCCCACCCCCAGCCCCTGGGGCAGGCCCAGGCA 180 

Control TGGTGAGCTAACACAAAGAAGGAAGAGCCCCACCCCCAGCCCCTGGGGCAGGCCCAGGCA 180 

1%EPSE TGGTGAGCTAACACAAAGAAGGAAGAGCCCCACCCCCAGCCCCTGGGGCAGGCCCAGGCA 180 

5%EPSE TGGTGAGCTAACACAAAGAAGGAAGAGCCCCACCCCCAGCCCCTGGGGCAGGCCCAGGCA 180 

1%APSE TGGTGAGCTAACACAAAGAAGGAAGAGCCCCACCCCCAGCCCCTGGGGCAGGCCCAGGCA 180 

2.5%APSE TGGTGAGCTAACACAAAGAAGGAAGAGCCCCACCCCCAGCCCCTGGGGCAGGCCCAGGCA 180 

5%APSE TGGTGAGCTAACACAAAGAAGGAAGAGCCCCACCCCCAGCCCCTGGGGCAGGCCCAGGCA 180 

1%APSE-LPS TGGTGAGCTAACACAAAGAAGGAAGAGCCCCACCCCCAGCCCCTGGGGCAGGCCCAGGCA 180 

2.5%APSE-LPS TGGTGAGCTAACACAAAGAAGGAAGAGCCCCACCCCCAGCCCCTGGGGCAGGCCCAGGCA 180 

************************************************************ 

iNOS GGAAGGACCACCCCTGGTTCATACATCCTAACCCCCAGGGACTCCCACCGCCAACCCTGA 240 

Control GGAAGGACCACCCCTGGTTCATACATCCTAGCCCCCAGGGACTCCCACAGCCAACCCTGA 240 

1%EPSE GGAAGGACCACCCCTGGTTCATACATCCTAACCCCCAGGGACTCCCACCGCCAACCCTGA 240 

5%EPSE GGAAGGACCACCCCTGGTTCATACATCCTAACCCCCAGGGACTCCCAAAGCCAACCCTGA 240 

1%APSE GGAAGGACCACCCCTGGTTCATACATCCTAACCCCCAGGGACTCCCACCGCCAACCCTGA 240 

2.5%APSE GGAAGGACCACCCCTGGTTCATACATCCTAACCCCCAGGGACTCCCACCGCCAACCCTGA 240 

5%APSE GGAAGGACCACCCCTGGTTCATACATCCTAACCCCCAGGGACTCCCACCGCCAACCCTGA 240 

1%APSE-LPS GGAAGGACCACCCCTGGTTCATACATCCTAACCCCCAGGGACTCCCACCGCCAACCCTGA 240 

2.5%APSE-LPS GGAAGGACCACCCCTGGTTCATACATCCTAACCCCCAGGGACTCCCACCGCCAACCCTGA 240 

****************************** **************** *********** 

iNOS CTCAAGCAGGATGCAGATGTGTCCCAGCAAATGCACAGAGACATAGTCACCCCCTGATGA 300 

Control CTCAAGCAGGATGCAGATGTGTCCCAGCAAATGCACAGAGACATAGTCACCCCCTGATGA 300 

1%EPSE CTCAAGCAGGATGCAGATGTGTCCCAGCAAATGCACAGAGACATAGTCACCCCCTGATGA 300 

5%EPSE CTCAAGCAGGATGCAGATGTGTCCCAGCAAATGCACAGAGACATAGTCACCCCCTGATGA 300 

1%APSE CTCAAGCAGGATGCAGATGTGTCCCAGCAAATGCACAGAGACATAGTCACCCCCTGATGA 300 

2.5%APSE CTCAAGCAGGATGCAGATGTGTCCCAGCAAATGCACAGAGACATAGTCACCCCCTGATGA 300 

5%APSE CTCAAGCAGGATGCAGATGTGTCCCAGCAAATGCACAGAGACATAGTCACCCCCTGATGA 300 
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 1%APSE-LPS CTCAAGCAGGATGCAGATGTGTCCCAGCAAATGCACAGAGACATAGTCACCCCCTGATGA 300 

 2.5%APSE-LPS CTCAAGCAGGATTCAGATGTGTCGCAGCAAATGCACAGAGACATAGTCACCCCCTGATGA 300 

                ************ ********** ************************************ 

 iNOS TGTCCCT 307 

 Control TGTCCCT 307 

 1%EPSE TGTCCCT 307 

 5%EPSE TGTCCCT 307 

 1%APSE TGTCCCT 307 

 2.5%APSE TGTCCCT 307 

 5%APSE TGTCCCT 307 

 1%APSE-LPS TGTCCCT 307 

 2.5%APSE-LPS TGTCCCT 307 

 *******  
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Chapter 5: 

Conclusion and  Future Work 
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The primary goal of this study was to investigate the relationship between the 

antioxidant and anti-inflammatory properties of bioactive compounds in peanut skin extracts 

(PSE). To achieve this goal, the study was divided into three parts. The objective of the first 

part of the study was to optimize an extraction system for bioactive compounds using polar 

solvents including aqueous ethanol and acetone. Defatted peanut skins were extracted using 

aqueous solvent mixtures (acetone/water or ethanol/water) and dried to powders.  The effect 

of the two solvents, ethanol and acetone, and alcohol concentration (90% ethanol vs. 50% 

acetone) on total phenolic content (TPC) and oxygen radical absorbance capacity (ORAC) 

were investigated.  PSE extracted with acetone/water had higher H-ORAC and total phenolic 

values (3060 mmol Trolox/100 g and 292 mg GAE/g) than PSE extracted with ethanol/water 

(2622 mmol Trolox/100 g and 250 mg GAE/g, respectively). However, both solvents were 

not statistically different (p<0.05). The data suggest that both solvents may be effective for 

the extraction of phenols from peanut skins. This part of the study clearly shows that peanut 

skins contain relatively high levels of phenolic compounds that have excellent peroxyl 

radical scavenging ability as indicated by the ORAC value. This would suggest that peanut 

skins could serve as a functional ingredient much like grape seed extract, which has been 

reported as an effective antioxidant supplement. 

The second part of the study focused on an in vitro approach to studying the anti- 

inflammatory response of peanut skins.  Specifically, we evaluated the anti-inflammatory 

activity of bioactive compounds from peanut skin by using a murine macrophage cell line, 

RAW 264.7, induced by lipopolysaccharide (LPS) to initiate inflammation. In part two, the 

protective effects of PSE on LPS-induced RAW 264.7 cells were investigated. RAW cells 
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were treated with PSE at 1, 2.5 and 5% (v/v) for 2 h prior to treatment with LPS. The cell 

viability of RAW cells not treated with PSE prior to treatment with LPS had significantly 

(p<0.05) higher cell death than cells supplemented with PSE before LPS treatment. Peanut 

skins effectiveness as anti-inflammatory agent in order to inhibit Cyclooxygenase-2 (COX-2) 

and Prostaglandin E2 expression was also evaluated. RAW 264.7 cells were treated with 1, 

2.5 and 5% (w/v) of PSE and induced with the inflammatory marker, lipopolysaccharide 

 
(LPS) for 14 hr. Prostaglandin E2 (PGE2) activity was measured by ELISA.  Increasing 

concentrations of PSE induced with LPS demonstrated a decrease in PGE2 concentration. 

PSE extracted with acetone or ethanol treatments of 5% showed significantly decreased 

concentrations of PGE2 activity compared to the negative control (p<0.05). The compounds 

that would exert this effect on the expression of PGE2‘s synthesizing enzyme, COX-2, are 

flavonoids, which have been measured for their anti-inflammatory activity in vitro and in 

vivo in other fruits and vegetables (Chi et al 2001; Murakami et al. 2000; Soliman and 

Mazzio 1998). It has been observed that the structure of these compounds plays a vital role to 

their anti-inflammatory activity (Williams et al. 2004). For example, epicallogatechin gallate 

and epigallocatechin-3-gallate, which possess a C-2, 3-double bond and patterns of 

hydroxylation/methoxylation on the A and B- ring appear to inhibit COX-2 and PGE2 

induction (Kim et al. 2004). These compounds are also found in peanut skins (Francisco and 

Resurreccion 2008). The dose-dependent inhibition of these pro-inflammatory markers 

demonstrates that peanut skins have anti-inflammatory properties. 

Part three of the study sought to determine the molecular mechanism of action that 

would explain the anti-inflammatory effects of PSE by investigating its effects on inducible 
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Nitric Oxide Synthase (iNOS) and nuclear factor kappa B (NF-κB) in vitro.  In our model, 2- 

hr pre-treatment of RAW 264.7 macrophages with non-toxic amounts of PSE, followed by 

stimulation with LPS for both 12 and 18 hr caused a dose-dependent decrease in NO released 

(p<0.001). However, at the 12 hr incubation time NO levels were inhibited to basal levels. 

Several studies have implicated that production of NO may take place between 18-24 hr 

(Kim et al. 1999; Gentile et al. 2012; Chiou et al. 2000; Xie et al. 1994); which would 

 
explain why very little NO was produced for our study. We chose the 12 hr incubation due to 

our previous study which reported inhibition of PGE2 by PSE at 12 hr (after pre-treatment 

with PSE). However, different pathways control the expression of iNOS or PGE2; whereas 

the main regulatory step for iNOS is the activation of the transcription factor NF-κB (Aktan 

2004). A longer incubation may have caused a higher level of NO to be produced, however, 

due to the cytotoxicity of PSE past a 20 hour incubation period a longer incubation could not 

be used for this study. 

In resting cells, NF-κB exists in the cytoplasm as a p65/p50 heterodimer with the p65 

subunit containing the transcriptional activation domain bound to an inhibitory protein from 

the IκB family. Activation of NF-κB in macrophages is achieved via phosphorylation and 

subsequent degradation of IκB followed by nuclear translocation of the p65/p50 dimer and its 

binding to specific response element in DNA (Victor et al. 2004). In the third part of our 

study, an increase in the nuclear p65 subunit consequent to LPS stimulation was inhibited 

dose dependently by PSE pre-treatment of RAW 264.7 macrophages (p<0.001). PSE 

significantly decreased NF-κB activity between 12 and 18 hr. Considering that NF-κB in 

synergy with other transcriptional activators, coordinates the gene expression for pro- 
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inflammatory enzymes and cytokines, including iNOS and COX-2 (Barnes and Karin 1997), 

these findings suggest that anti-inflammatory activity of PSE is at least in part mediated by 

inhibition of the NF-κB activation pathway. As reported above, APSE and EPSE (2.5% 

APSE with LPS and 5% EPSE) treatments had differing polypeptide sequences compared to 

the published iNOS gene, suggesting that a single nucleotide polymorphism (SNP) had 

occurred. Although a SNP has been identified in our data, the extent to which genotype it 

influences in the inflammatory process whether directly or indirectly remains to be 

investigated. Therefore, a suggested molecular mechanism of action for PSE would be the 

inhibition of NF-κB activity. 

FUTURE WORK 

 
Future work would suggest that PSE should be fractionated in order to determine 

which classes of compounds are primarily responsible for the antioxidant and anti- 

inflammatory activity of PSE. This would be particularly useful for the in vitro analysis as it 

may reveal if phenolic compounds present in PSE work synergistically to inhibit COX-2 and 

NF-κB or if a single class of compounds inhibits these inflammatory pathways.  It is likely 

that polyphenols act in synergy with other antioxidants (Li et al. 2010).  Additive and 

synergistic effects of polyphenolics in fruits and vegetables are responsible for their bioactive 

properties. Therefore, the benefit of a diet rich in fruits and vegetables is attributed to the 

complex mixture of polyphenolics present in whole foods (Liu 2003). The synergistic effects 

of some polyphenols has been measured but not in peanuts especially peanut skins. 

Suganuma et al. (1999) observed epigallocatechin gallate (EGCG) and epicatechin gallate 

 
(ECG) having a synergistic effect with epicatechin (EC) but not with epigallocatechin (EGC) 
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in preventing the release of tumor necrosis factor-α (TNF-α), an inflammatory biomarker, in 

cultured human cancer cells. Mertens-Talcott et al. (2005) reported anti-carcinogenic effects 

attributed by polyphenols were due to synergistic effects. They measured these effects using 

quercetin and ellagic acid in the induction of apoptosis in the human leukemia cell line, 

MOLT-4. They concluded that when these two compounds were combined, there was an 

additive effect on apoptosis. Li et al. (2010) also reported that some polyphenolics help to 

protect other phenolics due to synergy. These compounds that have been examined are also 

found in peanut skins (Francisco and Resurreccion 2008). Therefore, it would be of 

importance to analyze synergistic effects of the polyphenolics that are present in skins. 

For the cell culture work, it is suggested that PSE effects on other inflammatory 

pathways be investigated. In addition, other pro-inflammatory biomarkers, such as interferon 

gamma (IFN-γ) and TFN-α, should be explored in order to determine greater protective 

effects that PSE may have. For example, TFN-α directly activates the NF-κB pathway, which 

results in an amplification loop, increasing the duration of the inflammatory response (Jung 

et al. 2009).  To further investigate the SNP that was reported in our study, microarray and 

mRNA analysis should be explored. These analyses will determine if PSE has an effect on 

cell cycle regulation, apoptosis and specific inflammatory receptors. This goal can be 

accomplished by using cDNA microarray analyses. DNA microarrays provide a simple and 

natural vehicle for exploring the genome in both a systematic and comprehensive way by 

measuring the transcripts for every gene at once (DeRisi et al 1997; Shalon et al. 1996). 

Microarray analysis also determines what biochemical and regulatory systems are operative 

by the set of genes expressed in a cell (Brown and Botstein 1999). Narayanan et al. (2004) 
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observed the inhibitory effects induced by resveratrol in human prostate cancer cells and 

their impact on tumor initiation, promotion and progression by using cDNA microarray 

analysis. This analysis helped to report the overall cell growth inhibition by resveratrol as 

well as the differential expression of genes involved in the cellular metabolism of prostate 

cancer cells altered by resveratrol. 

Lastly, more identification work is needed in order to obtain a more complete profile 

of the exact phenolic composition of PSE. Catechins, A-type and B-type procyanidin dimers, 

trimers and tetramers in peanut skin extracts have been identified (Yu et al. 2006; Lazarus et 

al. 1999). In this study, the peanut skins that we received were of a mixed variety. We 

attempted to identify the polyphenolic composition of this batch; however, a further in-depth 

investigation would need to take place. Identification and quantification of these compounds 

would be needed to further verify the importance of peanut skin’s potential as functional 

ingredients in food and non-food applications. 
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APPENDIX A: 
 

 
Least Squares Means 

 
Standard 

Effect 
 
trt 

trt 
 
(+) control 

Estimate 
 

5.5601 

Error 
 

0.3044 

DF 
 

26 

t Value 
 

18.27 

Pr > |t| 
 

<.0001 
trt (-) control 4.5329 0.3044 26 14.89 <.0001 
trt 1% Acet 4.7332 0.3044 26 15.55 <.0001 
trt 1% Acet/LPS 5.4678 0.3044 26 17.96 <.0001 
trt 1% EtOH 4.6996 0.3044 26 15.44 <.0001 
trt 1% EtOH/LPS 5.8500 0.3044 26 19.22 <.0001 
trt 2.5% Acet 4.7805 0.3044 26 15.71 <.0001 
trt 2.5% Acet/LPS 5.4409 0.3044 26 17.87 <.0001 
trt 2.5% EtOH 4.7801 0.3044 26 15.70 <.0001 
trt 2.5% EtOH/LPS 5.1357 0.3044 26 16.87 <.0001 
trt 5% Acet 4.9525 0.3044 26 16.27 <.0001 
trt 5% Acet/LPS 4.6723 0.3044 26 15.35 <.0001 
trt 5% EtOH 4.7971 0.3044 26 15.76 <.0001 
trt 5% EtOH/LPS 4.7692 0.3044 26 15.67 <.0001 

 

 
 

Figure 1: ANOVA of peanut skin extract treatments for PGE2 activity 
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Figure 2: Muti-factor analysis of effects of peanut skin extracts to PGE2 activity 
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APPENDIX B: 

 
Kannapolis Eicosanoid Study 

 
Introduction 

 
Arachidonic acid, a basic constituent of cells, is the main eicosanoid precursor. 

Arachidonic acid is an essential fatty acid that can be derived from linoleic acid by the action 

of desaturase enzymes or ingested directly in red meat; the latter source for humans (Higgins 

1985). Arachidonic acid does not exist freely within cells but is bound as an integral part of 

phospholipids molecules, triglycerides, and cholesterol esters, with phospholipids being the 

most important source (Calder 2006).  Phospholipase A2 releases arachidonic acid following 

an inflammatory stimulus. Free arachidonic acid (arachidonate) is either re-esterified or 

metabolized by one of two possible enzyme pathways: cyclooxygenase (COX) enzyme or 

lipooxygenase (Higgins et al. 1983).  The COX enzyme pathway converts arachidonate to a 

cyclic endoperoxide-prostaglandin G2 (PGG2). PGG2 reacts with another enzyme to yield 

PGH2, a cyclic hydroxyl endoperoxide which gives rise to the primary PGs: PGD2, PGE2 and 

PGF2 as well as prostacyclin (PGI2) and thromboxanes A2 and TXB2, collectively called 

eicosanoids (Williams and Higgs 1988). These eicosanoids have been reported to be involved 

in every phase of inflammation (Samuelsson et al. 1978). Eicosanoids are involved in 

modulating the intensity and duration of inflammatory responses. They have cell and 

stimulus specific sources and frequently have opposing effects. Thus, the overall physiologic 

outcome will depend on cells that are present, the nature of the stimulus, the timing and 

concentrations of different eicosanoids that are generated as well as the sensitivity of the 

target cells and tissues to the eicosanoids that are produced (Greene et al. 2011). Another 
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group of eicosanoids that are synthesized from arachidonic acid are the leukotrienes via the 

lipoxygenase pathway (Lewis et al. 1990). Leukotrienes also have a role in inflammation but 

their formation is not prevented by non-steroidal anti-inflammatory drugs (NSAIDS) when 

used to block the cyclooxygenase pathway (Serhan et al. 2011; Vane et al. 1998). As a result, 

more arachidonic acid is made available for lipooxygenase activity which may intensify 

leukotriene-mediated responses (Higgs et al. 1980). 

Prostaglandins are potent mediators of both inflammation and thrombosis (Serhan 

 
2011). Prostaglandin formation occurs from arachidonic acid being catalyzed by the enzyme 

PGG/H synthase, often known as cyclooxygenase (McAdam et al. 2000). Prostaglandin 

synthesis always accompanies an inflammatory response as a result of living tissue injury or 

irritation. Willis (1969) proposed the role of prostaglandins in inflammation when he 

reported prostaglandin activity in carrageenin-induced inflammatory exudates in rats. 

Subsequently, prostaglandins, mostly PGE2 and mainly of the E series have been detected in 

clinical as well as experimental inflammation (Williams and Higgs 1988). Studies have 

shown that PGE2 induces COX-2 in fibroblasts cells thus causing an up-regulation of its own 

production (Calder 2006; Williams and Higgs 1988). In our previous report we investigated 

the anti-inflammatory properties of peanut skin extracts in vitro. We concluded that the 

extracts could have the ability to inhibit PGE2 activity in a dose-dependent manner. This may 

suggest that the bioactive compounds in peanut skin extracts could inhibit the production of 

other eicosanoids, thus, reducing the effect of pro-inflammatory markers. Therefore, the aim 

of this study will be to evaluate the inhibitory effects of peanut skin extracts on eicosanoid 

production at different time points. 
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Materials and Methods 

 
Eicosanoid standards (PGE2, PGF2α, LTB4, LTC4, and LTD4) and internal standards 

(PGF2α-D4 and LTB4-D4) were purchased from Caymen Chemical Company (Ann Arbor, 

MI).  Methanol and 2-propanol were purchased from Mallinckrodt Baker Inc. (St. Louis, 

MO). Acetonitrile and formic acid were purchased from Thermo Fisher Scientific (FairLawn, 

NJ). Ultrapure water (18.2 MΩ∙cm @ 30°C) was produced by a Mill-Q Reference system 

equipped with a LC-MS Pak filter (Millipore, Billerica, MA). Sodium formate solution (0.05 

M NaOH + 0.5% formic acid in 90:10 2-propanol: water, Waters Corp., Milford, MA) was 

used for instrument tuning and calibration. 

Ultra Performance Liquid Chromatography-Mass Spectrometry/Mass Spectrometry (UPLC- 

MS/MS) 

Deems et al. (2007) protocol was used for extraction and analysis of eicosanoids from 

media and cells produced in vitro. RAW 264.7 cells were plated at a density of 10
5 

cells/well 

in 12-well plates (Fisher Scientific, Pittsburgh, Pa).  A dose-response curve consisting of 

various concentrations of acetone peanut skin extracts (APSE) with or without LPS at 

timepoints 0, 6, 12, 18, 20 or 24 hours were added to RAW 264.7 cells in order to evaluate 

the appropriate time-point not toxic to cells. Cell viability declined after 18 hours, therefore, 

for this study, studies were performed at 12 and 18 hours. Viabilities were determined using 

colorimetric MTT assays, as described previously by Mossman (1983).  Study samples were 

stored at -80°C and given to the David H. Murdock Research Institute (DHRMI; Kannapolis, 

NC) for sample preparation and analysis. Another batch of test samples was used for 

validation of methods and optimization for instrument conditions. A UPLC-MS/MS system 
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(ACQUITY UPLC-Quattro Premier XE MS, Waters Corp., Milford, MA) was used. The 

system was operated in electrospray ionization (ESI) negative mode. The optimized 

instrument settings are briefly described in Table 1a-b. Mobile phase B was 57:43:0.1 (v/v/v) 

[water:acetonitrile:formic acid] and mobile phase A was 50:50:0.1 (v/v/v) [2- 

propanol:acetonitrile:formic acid]. 

Sample preparation and Solid Phase Extraction 

 
The study samples were subjected to solid phase extraction (SPE). SPE cartridges 

(Strata-X 33 µm polymeric reversed phase) were purchased from Phenomenex (Torrance, 

CA). SPE cartridges were prepared for use by washing with 2 mL of methanol followed by 2 

mL of water.  Each 1 mL of sample was loaded onto the cartridge and washed with 1 mL of 

10% methanol solution.  The eicosanoids were eluted off the cartridge with 1 mL of 

methanol and dried under nitrogen evaporation.  The sample was reconstituted in 100 µL of 

[water:acetonitrile:formic acid] (57:43:0.1, v/v/v) and analyzed on a UPLC-MS/MS system 

(Waters Corp., Milford, MA). 

Curve preparation for eicosanoid quantitation 

The eicosanoid standards were prepared as follows: 

 
Prostaglandin E2: 1 mg/mL 

Prostaglandin F2α: 1 mg/mL 

Leukotriene B4: 0.1 mg/mL 

Leukotriene C4: 0.1 mg/mL 

Leukotriene D4: 0.1 mg/mL 

 
The internal standard (IS) solutions were prepared as a mixture: Each 15 µL of LTB4-D4 

 
stock (100 ng/µL) and 75 µL of PGF2α-D4 stock (100 ng/µL) were combined and diluted to 

 
1200 µL with methanol.  The final concentrations of LTB4-D4 and PGF2α-D4 were 0.125 and 
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0.625 ng/µL, respectively. The stock standard solutions were diluted with methanol and 20 

 
µL of IS solution to the following concentrations for analysis: 

 
PGE2 PGF2α LTB4/LTC4/LTD4 

0.45 0.68 0.14 

0.23 0.34 0.068 

0.11 0.19 0.034 

0.056 0.084 0.017 

0.028 0.042 0.0084 

0.014 0.021 0.0042 

0.0070 0.011 0.0021 
 
 
 
 

The curve standards were prepared for testing at the same time as the samples. The 

calibration/linearity equation and corresponding regression coefficients (R
2
) were calculated 

using the QuanLynx Application Manager (Waters Corp., Milford, MA) and the limit of 

quantitation was defined as the lowest concentration in the calibration curve. 

 

 

Table 1a. UPLC-MS/MS instrument settings 
 

 
 

UPLC 
 

 
 
Column 

ACQUITY UPLC BEH C18 1.7 µM VanGuard pre-column 

(2.1×5 mm) and ACQUITY UPLC BEH C18 1.7 µM analytical 

column (2.1 × 100 mm) 

Column Temp (°C) 25 ± 0.5 

Sample Manager Temp 
(°C) 

 
4 ± 0.5 

 

 
Gradient Conditions 

0 min (1% A), 0-2.2 min (1-20% A), 2.2-2.7 min (20-55% A), 
2.7-4.5 min (55% A), 4.5-5.5 min (55-100% A), 5.5-6.5 min 

(100% A), 6.5-6.6 min (100-1% A), 6.6-7.6 min (1% A). 

Flow Rate (mL/min) 0.40 

Quattro XE Premier MS 

Capillary (kV) 4.0 

Sampling Cone (V) See Table 1b for details 

Collision Energy See Table 1b for details 

Extraction Cone (V) 4.0 

Source Temp (°C) 120 
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Table 1a. Continued 
 

 
 

Desolvation Temp (°C) 350 

Desolvation Gas Flow (L/Hr) 700 

Cone Gas (L/Hr) 50 
 
 
 
 

Table 1b. MS/MS parameters for eicosanoid detection 
 
 
 
 

Comp. u Formula Multiple reaction 

monitoring (MRM) 

transition 

Cone 

voltage 

Collision 

energy 

Dwell 

(sec) 

PGE2 C20H32O5 351 > 271 35 15 0.10 

PGF2α C20H34O5 353 > 193 40 25 0.10 

LTB4 C20H32O4 335 > 195 35 20 0.10 

LTC4 C30H47N3O9 

S 

624 > 272 45 25 0.10 

LTD4 C25H40N2O6 

S 

495 > 177 25 25 0.10 

 
 
 
 

 
The literature method referenced for method transfer used for LC/MS/MS analysis 

was established on an analytical liquid chromatography system coupled to an Applied 

Biosystems 4000 Qtrap (Deems et al 2007). The transferred method was validated on the 

DHMRI UPLC-MS/MS system (Waters Corp.) The method conditions optimized at the 

DHMRI significantly decreased the analytical time from 15 min to 7 min without loss of 

separation efficiency. The instrument settings i.e., cone voltage and collision energy (Table 

1b) was optimized for each metabolite.  A spiked study was conducted to test the viability of 
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the SPE method for eicosanoid analysis under these conditions and to validate the established 

method. The study followed the same sample preparation as described in Section 1.1 except 

for the addition of 10 µL of a standard solution mixture to a sample to test for the recovery of 

the eicosanoids from the SPE cartridge.  The spiking study successfully detected all five of 

the above standards plus the two internal standards through SPE without a significant signal 

loss when compared to the mixed standards alone.  This confirmed that the established 

method was viable for this analysis. 

Results 
 
LC/MS/MS Analysis Results 

 
Using UPLC-MS/MS with MRM transitions, the five target compounds were 

quantitated in a low concentration range (LOQ < 0.01 ng/µL) with good linearity. The 

analytical variations of the standard QC injections analyzed during the sample sequence are 

less than 20%, which suggests that the instrument was stable during the sample analysis. 

PGE2 was detected in three samples (positive controls, LPS) at time points 6 and 18 hours 

(Figure 1). 

Discussion 

 
As shown in Figure 1, PGE2 was detected at 2.2 min. The limit of quantitation (LOQ, 

defined as a signal/noise ratio of 10:1) was considered to be the same as the LOD for the 

quantitation study as 0.00703 ng/uL for PGE2 and 0.0110 ng/uL for PGF2α. The r
2 

values for 

PGE2 were 0.994 and 0.989 for PGF2α, respectively. For the amount on the column, 5 uL of 

sample was injected to give an amount of 35 pg for PGE2 and 55 pg for PGF2α. This value is 

lower than what has been reported by Schmidt et al. (2005) using LC-MS/MS with a 
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different chromatography system. Schmidt also loaded a larger amount of sample, 10 uL, 

onto their column, thus, increasing the possibility for detection. We detected PGE2 in PSE 

using an ELISA kit (Caymen Chemical; Ann Arbor, MI) in Chapter 2; however, PGE2 was 

not detected in PSE samples in this study. Immunoassays have been most widely used as 

immunological techniques, but a major limitation of these assays is the lack of ability to 

determine more than one analyte at a time (Lundström et al. 2009).  In addition, the 

antibodies used, often do not provide sufficient specificity due to crossreactivity, which may 

explain why these PG metabolites were not detected in LC/MS/MS. 

Detection and quantification of eicosanoids has mainly been measured using HPLC 

 
or gas chromatography coupled to mass spectrometry (GC/MS) as well as radioimmunoassay 

techniques, which are more sensitive (Kumlin 1996; Powell and Funk 1987).  HPLC and 

GC/MS are less sensitive than RIA and EIA but offers increased selectivity for detection of 

multiple eicosanoids simultaneously (Tsukamoto et al. 2002; Tsikas 1998). One limitation of 

using a combined LC/MS method was the interface between HPLC and MS. With the 

development of MS ionization techniques such as electrospray ionization (ESI) and 

atmospheric pressure chemical ionization (APCI), eicosanoids can now be analyzed directly 

from aqueous samples (Murphy et al. 2005). One advantage to using this approach is the 

simplification of sample preparation. As a result, one of the most powerful techniques was 

developed, liquid chromatography tandem mass spectrometry (LC/MS/MS or LC/MS
n
). This 

 
approach can quantify large numbers of eicosanoids in a variety of biological matrices. 

 
Medium that is used for cell culture contains inorganic salts, vitamins, amino acids, 

antibiotics, and 10% calf serum, thus, a sample pretreatment is necessary prior to 
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chromatographic analysis in order  prevent colum clogging of signal. Additionally, the 

reported PG binding to proteins may also hinder an accurate determination of the PGs (Unger 

1997). Most of the methods described in the literature use SPE sample preparation or other 

techniques prior to chromatographic analysis. Several sample pretreatment methods 

described in the literature, including protein precipitation, liquid – liquid extraction, SPE, and 

ultrafiltration were preliminarily investigated (Rinne et al. 20007). However, for all methods, 

either coprecipitation, loss of PGs, and/or signal suppression was observed, indicating that 

the sample preparation was not satisfactory (Holm et al. 2005). 

 
Conclusion 

 
PGE2 was only observed above the detection limit in the stimulated cells, indicating 

that LPS produces PGE2 upon stimulation. However, it cannot be ruled out that PGE2 and 

other PGs in nonstimulated cells are present, but below the LOD of this method. 
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Figure 1: These first three chro matogra ms  are for sample 1 (LPS, positive control) at Oh, 6h, and 

18h time points.   The second set of three chromatograms is for sample 9 (LPS, positive control) at 

Oh, 6h, and 18h time points. The peaks @ RT 1.6 and 3.5 min. correspond to the internal 

standards PGF2.-D4 and LTB4 -D4, respectively. The retention time for PGE2 is 2.2 min. 
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Standard injection: Cells + LPS 0h 
 

 

UPLC-Quattro Premier XE MS

Time
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UPLC-Quattro Premier XE MS

Time
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%
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PGE2 

Standard injection: Cells + LPS 6h 

PGF2α-D4   
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Standard injection: Cells + LPS 18h 

 

 

Standard injection: Cells + LPS 0h 

 

UPLC-Quattro Premier XE MS

Time
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Standard injection: Cells + LPS 6h 
 

UPLC-Quattro Premier XE MS

Time
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 6.50 7.00 7.50 8.00
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Standard injection: Cells + LPS 18h 
 

UPLC-Quattro Premier XE MS

Time
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Standard injection: Cells + LPS; Conc = 1.2 ng/µL 

1.2 UPLC-Quattro Premier XE MS

Time
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