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ABSTRACT
Peanut skins are regarded as a low economic value by-product of the peanut industry; however, they contain high levels
of bioactive compounds including catechins and procyanidins, which are known for their health-promoting properties.
The in vitro antioxidant activity of peanut skin extracts (PSE) has been reported but the associated anti-inflammatory
properties have not been widely examined. This study investigated the anti-inflammatory effects of PSE on the
pro-inflammatory enzyme, Cyclooxygenase-2 (COX-2) protein expression, on its downstream product, prostaglandin E2
(PGE2), and on nitrous oxide (NO) levels. Defatted peanut skins were extracted using two aqueous solvent mixtures
(50% acetone and 90% ethanol), in order to compare the effects of the two solvent systems on antioxidant and
anti-inflammatory properties. PSE antioxidant activity was determined by the hydrophilic oxygen radical absorbance
capacity (H-ORAC) assay, while total phenolics were determined by the Folin-Ciocalteu assay and flavan-3-ols and
procyanidins were quantified by HPLC. Acetone extracted PSE (A-PSE) exhibited numerically, but not statistically
higher H-ORAC and total phenolic values than the ethanol extracted PSE (E-PSE) (1836 μmol Trolox/100 g and 67.9
mg GAE/g, and 1830 μmol Trolox/100 g and 51.8 GAE/g respectively). A-PSE also had higher levels of flavan-3-ols
and procyanidins than E-PSE. RAW 264.7 cells were pretreated with 1.0%, 2.5% and 5.0% (v/v) of A-PSE or E-PSE
and induced with the inflammatory marker, lipopolysaccharide (LPS) for 12 hours. COX-2 protein expression, measured by Western blotting was significantly (p < 0.05) inhibited by A-PSE and E-PSE at 2.5% and 5.0% concentrations.
PGE2 and NO levels measured by ELISA, were significantly (p < 0.05) decreased with increasing added levels of
A-PSE and E-PSE suggesting that A-PSE and E-PSE not also possess similar antioxidant properties, but also exhibit
similar anti-inflammatory effects.
Keywords: Peanut Skins; Antioxidants; Anti-Inflammatory; Cyclooxygenase (COX-2); Prostaglandin E2 (PGE2);
Nitric Oxide (NO); Procyanidins

1. Introduction
Peanuts (Arachis hypogaea L.) are one of the most widely used legumes in the world. Several phytochemicals including resveratrol, flavan-3-ols and proanthocyanidins
have been identified in peanuts and evaluated for their
potential health benefits [1-4]. Research has shown that
peanut consumption provides such health benefits due to
high levels of certain phytochemicals [5]. These same
phytochemicals are also found in fruits, such as grapes,
and have been valued for their health promoting abilities
including anti-cancer and anti-inflammatory activities [6].
By-products of the peanut industry which include peanut
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plant leaves, roots, hulls, shells and skins have also been
identified as rich sources of phytochemicals, suggesting
that the bioactivity found in fruits and vegetables could
possibly be present, although currently these plant parts
have little economic value [5]. Of these materials, peanut
skins are most commonly used as low cost fillers in animal feed but are known to have an astringent taste and
anti-nutrient properties [7]. The antioxidant activity of
peanut skins has been reported [8-11], but there are no
reports in the scientific literature regarding the relationship between antioxidants, their activity, and anti-inflammatory properties of peanut skins.
Prostaglandins (PG) are important intermediates in inflammation and inflammatory associated cancers. These
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compounds are messengers that contain the 20-carbon
polyunsaturated fatty acid, aracadonic acid [12]. They are
found in many tissue types and serve as autocrine or paracrine lipid mediators acting on mast cells, platelets, and
other surface cells [13]. In humans, PG act on a range of
cells resulting in effects on blood clotting, ovulation, initiation of labor, wound healing, immune response, nerve
growth and development [14]. 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 PG [15].
Two isoforms, COX-1 and COX-2 have been identified [13,15]. Although COX-1 and COX-2 are structurally homologous having similar kinetic properties, they
are expressed in different parts of the body [15]. Most
cell types express COX-1 at constant levels. The PG products of COX-1 help to mediate homeostasis and restorative functions like gastric epithelial cytoprotection
and homeostasis. COX-2 is expressed in the central nervous system (CNS) but generally not in cells. However,
when COX-2 is expressed, the protein levels reach their
peak then quickly fade within a matter of hours after a
single stimulus [12]. Importantly, inflammation refers to a
group of stimuli known to induce COX-2. These stimuli
include bacterial lipopolysaccharide (LPS), tumor necrosis factor (TNF-α), and the cytokines, interleukin-1 (IL-1)
and interleukin-2 (IL-2) [15]. This suggests that COX-2 generates PG that regulate an inflammatory response. The anti-inflammatory cytokines such as IL-4, IL-10 and IL-13
have been shown to decrease the induction of COX-2 [15].
PGE2 is the major PG synthesized by macrophages.
COX-2 expression occurs in response to integral factors
such as cytokines, or added factors such as LPS, resulting
in the production of PGE2 [16]. Several studies have
shown formation of PGE2 can be enhanced or inhibited
by certain phenolic compounds in foods, and as a result,
affect the inflammatory response [17-19]. Therefore, it is
useful to investigate how foods can affect COX-2 expression and PG formation in terms of pathophysiological conditions associated with inflammation. In addition,
activated macrophages have the ability to express inducible nitric oxide synthase (iNOS) which in turn, catalyzes
L-arginine to produce nitric oxide (NO), thus making it
responsible for the prolonged production of NO [20,21].
High outputs of NO by iNOS are also thought to induce
inflammation.
This study was designed to determine the antioxidant
activity and anti-inflammatory properties of peanut skin
extracts (PSE). PSE was prepared by extraction using aqueous solvent mixtures (50% acetone or 90% ethanol) and
then freeze drying. The antioxidant activity was investigated using the hydrophilic oxygen radical absorbance
capacity (H-ORAC) and the total phenol content (TPC)
was determined using the Folin-Ciocalteu assay. The
Copyright © 2013 SciRes.
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concentration of flavan-3-ols and procyanidins were also
determined by High Performance Liquid Chromatography (HPLC). The anti-inflammatory effects of PSE in
RAW 264.7 cells were evaluated upon induction with an
inflammatory marker, in this case lipopolysacharride
(LPS). The anti-inflammatory effect of PSE against PGE2
and COX-2 expression by the cells was accessed using
Western blotting and ELISA. The production of NO was
monitored using the Greiss Assay.

2. Materials and Methods
2.1. Chemicals and Sample Collection
Peanut skins were supplied by a commercial peanut processor (Jimbo’s Jumbos, Edenton, NC). RAW 264.7 cells,
a murine monocyte/macrophage cell line, were obtained
from American Type Culture Collection (Manassas, VA).
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). β-actin from rabbit monoclonal antibody (mAB) was obtained from Cell Signaling (Danvers, MA) and COX-2 polycolonal antibody was
purchased from Caymen Chemical Corp (Ann Arbor, MI).
All other chemicals and solvents were purchased from
the Thermo Fisher Corporation (Fairlawn, NJ) unless otherwise noted.

2.2. Preparation of Peanut Skin Extracts
Peanut skins were defatted by overnight mechanical stirring in an excess of hexane at room temperature with
protection from light. Hexane containing the dissolved lipid fraction was decanted and the skins were resuspended in fresh hexane and stirred for an additional 3 hr. After removal of the hexane, the now defatted skins were
allowed to air dry overnight, and then milled to a fine
powder using a Model 4 Wiley Mill (Arthur H. Thomas
Co., Philadelphia, PA). A 10 g portion of the milled, defatted skins was extracted with 100 mL of solvent mixture (acetone/water, 50/50 (v/v) or ethanol/water, 90/10
(v/v)) at room temperature by stirring for 120 min. After
extraction, the slurry was vacuum filtered through Whatman No. 1 paper (GE Healthcare Life Sciences, Piscataway, NJ) and the supernatant was collected. The insoluble material on the filter was washed with 2 portions of
25 mL of the original extraction solvent (acetone/water
or ethanol/water) and the washings added to the supernatant. The solvent (ethanol or acetone) was removed from
the extraction solvent at 50˚C using a vacuum rotary evaporator (Büchi Labortechnik AG, Flawil, Switzerland).
After all the solvent was removed, the crude extracts in
the remaining water were freeze-dried using a VirTis
FNS
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Freeze Dryer (VirTis, Gardiner, NY). The resulting powders were stored at −20˚C protected from light until analyzed. The extraction was repeated in triplicate for each
solvent system.

2.3. HPLC Analysis of Procyanidins
Monomeric flavan-3-ols and procyanidins present in peanut skin extracts (PSE) were separated according to degree of polymerization by HPLC analysis as previously
described [22]. Briefly, extracts (10 mL) were evaporated
to dryness using a SpeedVac concentrator (ThermoSavant, Holbrook, NY) and resuspended in 2 mL acetone/
water/acetic acid (70/29.5/0.5 v/v/v) and filtered through
a 0.45 μm PVDF filter prior to injection on the HPLC
(Dionex Summit System, Dionex Corp., Sunnyvale, CA).
Compounds were separated on a 5 μm, 250 × 4.6 mm
Luna silica column (Phenomenex, Torrance, CA) and
peaks were detected by fluorescence (excitation at 276
nm, emission at 316 nm). Peaks were quantified based on
external calibration curves of commercial standards. Oligomers with DP > 4 and polymers were quantified as
tetramer equivalents. Results were expressed as mg procyandin per gram of peanut skins.

2.4. Analysis of Total Phenolic Content (TPC)
The TPC of the PSE was determined using the Folin-Ciocalteau colorimetric method [23]. Briefly, 0.1 g of the
dried extract was dissolved into 1 mL of water. 100 μL of
this solution was mixed with 0.5 mL of Folin-Ciocalteau
reagent (Sigma Chemical Corp., St. Louis, MO). 1.5 mL
of a sodium bicarbonate solution (60 g/L) was then immediately added to the extract solution. The mixture was
then incubated for 120 min at 22˚C in a water bath. The
absorbance of the solution was read at 725 nm using a
Shimadzu Pharma UV-1700 Spectrophotometer (Columbia, MD). The TPC was calculated by comparison with a
standard curve prepared using gallic acid. The results
were expressed as mg of gallic acid equivalents (GAE)
per gram of peanut skins.

2.5. Antioxidant Activity
The protocol of Prior et al. [24] was used to measure Hydrophilic Oxygen Radical Absorbance Capacity activity
(H-ORAC). For the standard curve, solutions of Trolox
(Aldrich Chemicals, Milwaukee, WI) were prepared in
75 mM phosphate buffer, pH 7.4 at concentrations over a
range of 3.12, to 50 μM. The PSE were diluted in 75 mM
phosphate buffer in a ratio of 1:10,000. Fluorescein (Reidel-deHaen, Seelze, Germany) (70 nM in 75 mM phosphate buffer) was used as the fluorophore in the reaction
and 153 mM 2,2’-azobis(2-amidinopropane) dihydrochloride (AAPH) (Wako Chemicals, Richmond, VA) was
Copyright © 2013 SciRes.

used as the peroxyl radical generator. Diluted samples or
standards (130 µL) were added to the wells of a flatbottom black 96 well microplate (Corning, Acton, MA).
Blanks were prepared by adding 130 μL of buffer only to
plate wells. Fluorescein (60 µL) was added rapidly using
a multi-channel pipette and the plate was incubated at
37˚C for 15 min. Following incubation, 60 µL of AAPH
was added to each well and fluorescence was read using
an excitation wavelength of 483 nm and an emission
wavelength of 525 nm over 90 minutes at 37˚C using a
Tecan Safire2 plate reader (Tecan USA, Raleigh, NC).
Samples and standards were measured in triplicate. Antioxidant capacity was expressed as µmol Trolox equivalents (TE) per gram of peanut skins.

2.6. Cell Culture
RAW 264.7 cells 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 10% CO2 at 37˚C. Cell viability was
assessed using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay [25].
To determine the cytotoxicity of PSE, cells were plated in 96-well plates (3 × 105 cells/well) using fresh media and measured using the MTT assay. Cellular metabolic activity is determined in this method by means of
NAD(P)H-dependent cellular oxidoreductase enzymes
which under standard conditions are proportional to the
number of live cells [25]. Solutions of PSE were prepared by dissolving the freeze dried powders in ethanol/water (5/45 v/v) at levels of 1% and 5%. After overnight growth, cells were pretreated with the PSE solutions for 2 hr. To ensure the cells were not affected by
solvent, testing was done on 10% ethanol in water solutions alone. Testing was also performed in the presence
and absence of LPS at 1 μg/mL. MTTsolution (7.8 mg/mL)
in phosphate buffered saline (Sigma Chemical Corp., St.
Louis, MO) was added to each well and the plates were
incubated for 4 hr. The purple formazan crystals deposited were dissolved in 200 μL of acidified isopropanol
(0.04 N HCl in isopropanol). The absorbance of the resulting colored solution was measured at 620 nm using
the previously described plate reader. The absorbance
was compared to a negative control where no PSE was
added to the cells reported as percentage of the control.

2.7. Anti-Inflammatory Activity
For the measurement of PGE2, a monoclonal enzyme
linked immunosorbent assay (ELISA) kit (Cayman Chemical, Ann Arbor, MI) specific for this PG was used.
RAW 264.7 cells were cultured in the presence or absence of LPS (1 μg/mL) and/or PSE for a total of 16 hr.
FNS
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PSE was dissolved into 10% ethanol in water and added
to the cells at levels of 1%, 2.5% and 5%. Levels of
PGE2 in the cell media were measured using the PGE2
ELISA according to the manufacturer’s instructions. Standards ranging from 7.8 to 1000 pg/mL were used. The
level of detection for the assay was 50 pg/mL.

2.8. Western Blotting of COX-2
RAW 267.4 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 at −80˚C
until Western blotting was performed. Electrophoresis
was accomplished using 12% Tris-glycine gels with a
Novex Minicell XCell SureLock apparatus. Protein bands
were then transferred on to a PDVF membrane. All supplies (gels, PDVF membranes, buffer solutions, Coomassie staining kit, electrophoresis chamber and transfer apparatus) were obtained from Life Technologies (Grand
Island, NY). The COX-2 (murine) primary antibody (Cayman Chemical Co., Ann Arbor, MI) was incubated at a
1:300 dilution using a 5% nonfat dry milk solution prepared in 1x TBS (Tris-Buffered Saline). Cox protein
bands were visualized after incubation with a HRP-labeled secondary anti-mouse antibody (Cell Signaling, Danvers, MA). Intensities of the bands were measured using
an Alpha-imager Digital Imaging System (Protein Simple, Santa Clara, CA).

2.9. Nitric Oxide Assay
Nitric oxide levels in the cells were determined using the
Greiss assay with modifications [26,27]. In this study,
RAW 264.7 cells were cultured, challenged with LPS
and dosed with A-PSE and E-PSE as described in section
2.7 for 18 hr. Nitrite levels in the culture media were
measured using a Greiss assay kit (Promega, Madison,
WI) according to the manufacturer’s instructions. In brief,
50 μL of Greiss reagent (equal volumes of 1% sulfanilamide (w/v) in 5% phosphoric acid and 0.1% (w/v) N1-naphthylethylenediamine-HCL) was added to 50 μL of
cell culture media. The mixture was incubated for 10 min
at room temperature. The absorbance of the mixture was
measured at 520 nm using a Tecan Safire2 plate reader.
Fresh culture media was used as the blank. A standard
curve was constructed over the range of 1.56 to 100 μM
using sodium nitrite in water.

2.10. Statistical Analysis
Data were analyzed using the Statistical Analysis System
software (SAS, Cary, NC). For TPC, H-ORAC, procyanidins, and MTT analyses, an analysis of variance was
conducted with Proc GLM using Duncan’s multiple comparison test to detect differences among means (α = 0.05).
A multifactor analysis of variance based on Proc Mixed
Copyright © 2013 SciRes.
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with Tukey’s test was used for the PGE2 analysis.

3. Results and Discussion
3.1. Procyanidin Content
HPLC chromatograms of PSE extracted with either acetone/water (50/50 v/v) or ethanol water (90/10 v/v) are
shown in Figure 1. Chromatograms are normalized based on equivalent extract volumes. Peanut skins contained low levels of monomeric flavan-3-ols (DP1) and higher levels of procyanidin oligomers and polymers. The
profiles observed in this study are similar to those previously reported [22,28]. Previous studies have confirmed that the procyanidin oligomers in peanut skins contain
both B-linkages as well as the less common A-type linkages [28-30]. Overall, the profiles produced by the two
solvent systems were similar; however, it is visually evident that acetone/water was a more effective extraction
solvent for procyandins than ethanol/water as indicated
by the larger peak areas. Table 1 shows the concentration of the individual procyanidins extracted from the
peanut skins. Each class of procyanidins, excluding DP1,
was extracted at higher levels by acetone/water than by
ethanol/water. There was no significant difference in extraction efficiency of DP1 procyanidins between the two
solvent systems. These findings support previous literature reports that aqueous acetone is a more effective solvent for high molecular weight procyandins, but more
polar solvents such as ethanol and methanol are equally
or more effective for extraction of monomeric flavan-3ols [31-33].

3.2. Total Phenolics and Antioxidant Activity
Peanut skins have been reported to contain a variety of
bioactive compounds with phenolic moieties, including
catechins, A-type and B-type procyanidin dimers, trimers,
and tetramers [22-35]. Extraction of these compounds
has been studied with various extraction solvents. Using
the Folin-Ciocalteu method, TPC of peanut skins extracted with pure ethanol has been reported as 118 mg/g
[11]. Under optimized conditions, similar levels were
found with an ethanol-water mixture [9]. Another study
found 90 - 125 mg/g TPC after optimizing extraction
conditions for ethanol water mixtures and the solvent to
mass ratio for peanut skins [2]. In our study, acetone/
water (50/50 v/v) was compared to ethanol/water (90/10
v/v) for the extraction of TPC. The TPC is reported in
Table 2 for the peanut skins extracted in both solvent
systems used. No significant difference was found between the solvent systems although both extractions resulted in higher levels of TPC than the studies in the literature. The acetone system resulted in higher levels of
phenolics being extracted. This was attributed to the interaction of the more polar solvent with the polyphenolic
FNS
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Figure 1. HPLC chromatogram of procyanidins in peanut skins extracted with acetone/water (red lines) or ethanol/water
(black lines. Peaks identified based on previously published LC-MS analysis [22].
Table 1. Concentration of procyanidins in peanut skins (mg/g skins) extracted with different solvents.
Solvent System

DP1

DP2

DP3

DP4

DP > 4

Polymers

Acetone

0.4 ± 0.1

7.9 ± 1.0

8.2 ± 1.4

12.9 ± 2.0

31.9 ± 2.9

5.2 ± 0.8

Ethanol

0.2 ± 0.0

4.0 ± 0.6

3.9 ± 1.3

7.9 ± 1.8

13.2 ± 2.0

2.7 ± 0.7

p-value

0.0668

0.0051

*

0.0191

*

0.0315

*

0.0008

*

0.0149*

*

Values in the same row significantly different based on P < 0.005, n = 3.

Table 2. Total phenolic content (TPC) and hydrophyllic
oxygen radical absorbance capacity (H-ORAC) of peanut
skins1.
Solvent System

TPC (mg GAE/g)

H-ORAC (μmol Trolox/g)

Acetone

a

67.9 ± 1.8

1833 ± 31a

Ethanol

51.8 ± 1.7a

1830 ± 58a

1

Means within a column followed by the same letter were not significantly
different (p < 0.05, n = 3).

compounds present in the peanut skins. Although ethanol
has been previously reported as a more effective solvent
for the recovery of phenolic compounds, our work shows
that acetone and ethanol resulted in similar effects. It is
has been shown that acetone can be used to extract procyanidins, as well as other flavanol moieties [36]. It is
possible that similar compounds maybe responsible for
the higher phenolic activity associated with the acetone
fractions in our study.
H-ORAC was used to measure the peroxyl radicalscavenging ability of PSE based on the Trolox antioxidant standard. Although the hydroxyl radical, singlet
oxygen, superoxide radical and reactive nitrogen species
are known to exist in biological systems, the peroxyl
radical is most often present [37]. ORAC assays also
provide a controllable source of peroxyl radicals that
Copyright © 2013 SciRes.

reflect the interaction of antioxidants with lipids in both
food and physiological systems [38]. Our analysis showed that there was no significant difference between the
values for the two solvent systems. This study found
1833 μmol TE/g in the peanut skins extracted with acetone and 1830 μmol TE/g in those extracted with ethanol
as reported in Table 2.
Other reports list values of 2049 μmol TE/g of peanut
skins when a 30% ethanol in water solution was used and
2789 μmol TE/g when using 40% methanol in water [11].
Our conditions required longer times, but less heat and
solvent than the literature. In comparison with other
foods, peanut skins are well positioned to be considered a
source of antioxidant compounds. For Chardonnay and
Merlot grade seeds, values of 638 and 345 μmol TE/g
respectively have been reported [6]. There is a report of
92.1 μmol TE/g for blueberries and 92.6 μmol TE/g for
cranberries, two foods that have been much discussed for
their antioxidant properties [36]. Certain spices are also
considered to be significant sources of antioxidant compounds based on their ORAC values. Of these, ground
cinnamon is listed as the highest with 2641 μmol TE/g
[37]. The high antioxidant values observed for the peanut
skins rank them with the spices in terms of ORAC. The
physical nature of the dried peanut skin extracts suggests
food applications similar to those for ground spices raFNS
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ther than intact fruits.

3.3. Cytotoxicity
In order to study the potential anti-inflammatory effects
of PSE, it was first necessary to determine non-toxic
doses of the extracts. The MTT assay was used to
determine the maximum amounts of PSE that could be
added to the cells before cell viability was affected. In
Figure 2, the effect of the addition of PSE on cell viability from both solvent systems at two levels is presented.
All treatments resulted in small decreases in cell viability
compared with the negative control, but none of the
decreases were significant. PSE were reconstituted in
ethanol (10% in water (v/v)) from the dried powders,
then added to the cell culture media in order to examine
cytotoxicity. The two solvent systems produced different
amounts of dried powders as reported in Table 3. On a
dry weight basis, the acetone solution extracted almost
twice as much solid material as the ethanol solution. The
actual TPC and H-ORAC of these highly concentrated
extract powders was much higher than those calculated
for the peanut skins on an as received basis (Table 2).
Ethanol extracted peanut skins (E-PSE) had slightly
greater effects on cell viability than the acetone extracted
peanut skins (A-PSE). This may have been related to
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differences between the two solvent systems, as evidenced by differences in procyanidin and TPC of the extracts
since differences in solvent polarity affected the compounds extracted. It was also found that the small amount
of ethanol (10% solution) used to solubulize the PSE
powders had no effect on cell viability (data not shown).

3.4. Anti-Inflammatory Activity
PGE2 is a major product of arachidonic acid metabolism
in many cells, including macrophages [39]. It is not stored, but is synthesized and expressed into extracellular
media when cells are activated by pro-inflammatory stimuli [14]. The addition of the pro-inflammatory mediator
LPS to RAW 264.7 cells growth media resulted in increased PGE2 formation as seen in the positive control in
Figure 3. By comparison, the negative control shows
significantly lower levels of PGE2 formation. Cells cotreated with LPS and A-PSE show significant decreases
in PGE2 only at the highest level, while cells co-treated
with LPS and E-PSE showed significant decreases in
PGE2 both at the 2.5% and 5% levels. Decreased expression of COX-2 was considered to be at least partly responsible for the observed inhibition of PGE2 production,
since the COX-2 enzyme converts arachidonic acid to
PGH2, the direct precursor of PGE2.
Activation of macrophages is needed for the progresssion of many inflammatory diseases due to the release of
such mediators such as cytokines, nitric oxide and prostaglandins [40]. The observed suppression of PGE2 formation in this study maybe a consequence of the high levels of procyandins present in the extracts. A study using
acid hydrolyzed aqueous extracts from peanut skins reported inhibition of PGE2 activity [41]. The authors attributed this activity to the presence of cyandin 3-sambubioside, which is an anthocyanidin originating in peanut
skins.

3.5. COX-2 Protein Expression

Figure 2. Viability of RAW 264.7 cells treated with 1% or
5% PSE for 12 hr relative to a negative control (n = 3).
Table 3. Total solids (TS), total phenolic content (TPC), hydrophillic oxygen radical absorbance capacity (H-ORAC),
total proanthocyanidin content (TPAC) of peanut skin extract (PSE) powders.
Solvent

TS1

TPC2

H-ORAC3

TPAC4

Acetone

16.1

431.3

203,297

368.7

9.7

377.1

Ethanol
1

2

305,598
3

266.3
4

gPSE/g Peanut Skins; mg GAE/g PSE; μMol TE/g PSE; mg/g PSE. All
values are means of 3 measurements.

Copyright © 2013 SciRes.

The inhibition of COX-2 protein expressed by the RAW
264.7 cells as a consequence of the exposure to the PSE
solutions after stimulation by LPS was determined by
Western Blot analysis. No COX-2 protein expression
was detected in the un-stimulated cells. When challenged
with LPS to induce an inflammatory response, the
COX-2 expression levels were elevated. PSE from both
extraction systems suppressed COX-2 expression in a
dose-dependent manner as seen in Figure 4. PSE was not
found to affect the expression of the housekeeping gene,
β-actin. Given their high concentration in PSE, it is feasible that the polyphenols present in the extract inhibited
the expression of the COX-2 protein. These compounds,
which include flavonoids, have been studied for their
anti-inflammatory activity both in vivo and in vitro in
FNS
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Figure 3. Concentration effect of the PSE on PGE2 content of RAW 264.7 cells after challenge with LPS. Bars with different
letters were significantly different (P < 0.05); n = 3.

Figure 4. The COX-2 band intensities have been compared to the β-actin bands in the corresponding gel rows. Bars with different letters were significantly different (P < 0.05); n = 3.
Copyright © 2013 SciRes.
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other fruits and vegetables [42-44]. It has been observed
that the structures of these compounds are important to
their anti-inflammatory activity [45]. Flavonoids such as
epigallocatechin gallate appear to inhibit COX-2 and
PGE2 induction due to the presence of the C-2,3 double
bond and the hydroxyl or methoxyl moieties on the A
and B rings [46]. These types of compounds have been
reported in peanut skins [5]. The dose-dependent inhibition of these pro-inflammatory markers demonstrates the
anti-inflammatory properties of PSE but the definite cellular mechanisms still need to be established.

3.6. Nitric Oxide (NO) Production
In an attempt to further understand how peanut skin extracts may modulate inflammation, the effects of PSE on
NO production in the LPS-stimulated cells was also examined. NO plays a variety of important roles throughout
the body, among them, vasodilation, immunity and neurotransmission, as well as inflammation [47]. Both APSE and E-PSE inhibited NO production from the LPSactivated RAW-264.7 cells in a dose dependent manner
as seen in Figure 5. There is the possibility that low levels of PSE are proinflammatory, as the production of NO
was increased when 1% PSE was present in the media as
indicated by the increase in NO in the non-LPS stimulated control cells over the basal value. The expression of
iNOS is controlled by a different pathway than PGE2. It
is the activation of NF-κB, a transcription factor that
causes this inflammatory response [48]. It would be of
interest to further this research by investigating the effects of PSE on NF-κB production. It has been reported
that NF-κB is inhibited by peanut stilbenoids [49]. Other
compounds that are known to exists in peanut skins such
as phenolic acids and catechins have been shown to have

Figure 5. Concentration effects of the PSE on NO production by RAW 264.7 cells with and without LPS challenge (n
= 3).
Copyright © 2013 SciRes.
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inhibitory effects on iNOS and NF-κB expression [5054]. In those cases, the active compound inhibited activation of the iNOS promoter by preventing the binding
of the essential transcription factor (NF-κB) to the iNOS
promoter.

4. Conclusion
This study showed that peanut skin extracts contain high
levels of procyanidins and other phenolic compounds,
whether extracted with acetone or ethanol. Despite measureable differences in procyanidin and phenolic content
between the two extraction systems studied, both possessed similar antioxidant activity as determined by chemical assays and anti-inflammatory activity in an in vitro
model of inflammation. The addition of PSE to LPS challenged macrophages resulted in decreased COX-2 expression, as well as in decreased PGE2 and NO levels,
although the exact mechanism of the activity was not determined. Due to their low cost, peanut skins have great
potential to serve as an economical source of natural antioxidants for the food and nutraceutical industries.
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