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Abstract

Bioactive polyphenols are the predominant ingredients in apple pomace, an
agro-industrial byproduct in apple juice processing. The present work focu-
sed on fractionation of ethanol extract of apple pomace using macroporous
absorbent resin chromatography and HPLC analysis of all fractions recovered
from polyphenol-enriched extract and their inhibitory effects on cyclo-
oxygenase-2 (COX-2) expression in lipo-polysaccharides (LPS) -induced
mouse RAW 264.7 cell line. Six fractions API-VI were achieved through
fractionation eluting with aqueous alcohol. HPLC analysis indicated that
APIII eluted by 40% ethanol had the highest content of total phenolics, which
was 148.1 + 3.1 mg gallic acid equivalents per 100 g of dry apple pomace. Anti
-inflammatory assays showed that APIII had the strongest activity against
COX-2 expression at 5 pg mL-1 and procyanidin B2 and quercetin exhibited
positive correlation with their anti-inflammatory effects. Our data suggested
that phenolics could be prepared from apple pomace and applied in the
management of inflammatory diseases.

Introduction

With an annual yield of over 3 million tons, China has
become the world's largest producer of apple pomace
(AP) since 2009. As an agroindustrial byproduct, apple
pomace has caused many economical and environ-
mental problems because of its extremely low protein
content and high amount of sugar. In order to utilize
this material, many studies had or have being carried
out to generate value-added products, such as enzymes,
single cell protein, ethanol, citric acids, aroma com-
pounds, pigment, polysaccharides, pectins, mushrooms
(Attri and Joshi, 2006; Rachana and Gupta, 2010; Shalini
and Gupta, 2010; Vendruscolo et al., 2008). The reco-
very of apple polyphenols from pomace as an excellent
healthcare product is another important biotechno-
logical application (Bhushan et al., 2008). Biological
assays showed apple polyphenols have a wide range of

pharmacological effects, such as antibacterium (Pastene
et al., 2009), antivirus (Suarez et al., 2010), anti-oxidant
activity (Garcia et al., 2009), and the inhibition of colon
carcinogenesis in vitro (McCann et al., 2007; Zessner et
al., 2008). However, the anti-inflammatory effect of
polyphenol-enriched fraction from apple pomace has
not been reported till now.

Inflammation is a complex pathophysiological process
mediated by a variety of signaling molecules produced
by leukocytes, macrophages, and mast cells. Cyclo-
oxygenase (COX), a crucial enzyme in the inflammatory
process, plays a key role as a rate-limiting enzyme in
the production of potent proinflammatory prostaglan-
dins (PGs) biosynthesis, exists in at least two isoforms,
designated as COX-1 and COX-2 (Lee and Kim, 2010).
COX-1 is a housekeeping enzyme, being constitutively
expressed in almost all mammalian tissues. In contrast,
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COX-2 is barely detectable under normal physiological
conditions. However, it can be induced rapidly and
transiently by pro-inflammatory mediators and mito-
genic stimuli including cytokines, endotoxins, growth
factors, oncogenes, and phorbol esters. So, COX-2 has
received considerable attention for its potential role in
the inflammation and disease development (Burnett et
al., 2007; Kim et al., 2007).

The present work focused on fractionation of ethanol
extract using column chromatography method and anti
-inflammatory assay of the recovered fractions. Further-
more, phenlics compositions of fractions were analyzed
by HPLC.

Materials and Methods
Apple pomace

Apple pomace used throughout this work was a mix-
ture of juice-squeezed Fuji and Qinguan apples from
Shaanxi Hengxing Fruit Juice Co., Ltd, the largest
manufacturer of apple juice concentrate in China. The
fresh apple pomace was dried in convection at 50°C
until it reached a constant weight. After finely milled
and sieved through a 20 mesh (0.8 mm) sieve, the
samples were packed in plastic bags and stored at-20°C.

Chemicals

Nine polyphenol standards (chlorogenic acid, caffeic
acid, syringin, procyanidins B2, (-)- epicatechin, cinna-
mic acid, coumaric acid, phloridzin, quercetin), gallic
acid and Folin-Ciocalteu reagent were purchased from
Sigma-Aldrich Chemical Co. (St. Louis, USA). Lipo-
polysaccharides (LPS) were Escherichia coli sero-type
0111:B4 from Sigma-Aldrich Chemical Co. (St. Louis,
USA).

Extraction of AP

About 100 g pretreated apple pomace was extracted
with a microwave experiment equipment (NJC 03-2,
China) according to a previously published protocol
(Bai et al., 2010). The afforded extract was concentrated
under reduced pressure and lyophilized (Freezone 2.5
plus, Labconco, USA). After resolving in 500 mL of 20%
ethanol solution, the resulting extract was centrifuged
for 15 min at 10,000 rpm (CR21GlIl, Hitachi Koki Co.,
Ltd., Japan), and preserved at 4°C. Fractionation of AP:
200 mL of polyphenol-enriched extract was retained on
100 mL macroporous adsorbent resin XAD-16 (Rohm
and Haas, PA, USA) and packed into a normal
atmosphere column (300 x 30 mm). AP were gradually
eluted with three bed volumes of distilled water and
aqueous alcohol, which concentrations were 20, 40, 60,
80 and 100%, respectively. Six collected fractions,
respectively named as AP, APII, APIII, APIV, APV and
APVI, were concentrated into 100 mL under reduced

pressure (Eyela NC-2000, Tokyo, Japan) and preserved
at 4°C until determination of total phenolics content
and HPLC analysis.

Determination of total phenolics content

The total phenolic content of fraction was determined
by the modified Folin-Ciocalteu method, following the
procedure proposed by Wijngaard and Brunton (2010).
Gallic acid as a standard was diluted with distilled
water to give appropriate concentrations for a standard
curve. 100 pL of afforded fraction or gallic acid, 100 pL
of methanol, 100 uL Folin-Ciocalteu reagent and 700 pL
of Na,CO; were aliquoted into a 1.5 mL microcentri-
fuge tube. After immediate vibration and incubation in
the dark for 20 min at room temperature, the samples
were centrifuged at 13,000 rpm for 3 min (Hitachi Koki
Co., Ltd., Japan). The absorbance of the supernatant
was then measured at 735 nm in 1 mL plastic cuvettes
using a spectrophotometer (1700 Pharma Spec, Shimad-
zu, Japan). The results were expressed as mg gallic acid
equivalent per 100 g of dry apple pomace (mg GAE/
100 g). Triplicate tests were conducted for each sample.

Phenolic composition analysis

HPLC analysis of AP was carried out on a Shimadzu
system series LC-10Avp (Toyko, Japan) equipped with
a Class VP chromatography data station software, a SIL
-10AF autosampler, a CTO-10AS column oven (25°C),
and a SPD-10AV UV-Visible detector. Wavelength
monitoring was performed at 280 nm. Separation of
polyphenols was carried out on a reversed phase
Sunfire C8 (250 x 4.6 mm ID, 5 pm) (Waters Co., USA).
The elution solvents consisted of 90% aqueous 0.1%
acetic acid (solvent A) and 10% acetonitrile (solvent B).
All solvents were filtered with a 0.45 pm membrane
filter before HPLC analysis. Flow rate was set at 1.2 mL
min-1 and the injection volume was 10 pL. Quantifica-
tion of polyphenols was done by the external standard
method. The phenolic level was expressed in mg per 1
kg of dry apple pomace (mg kg-1).

Cell culture

The mouse macrophage cell line RAW 264.7 was
obtained from Cell Storehouse of Chinese Academy of
Science (Shanghai, China) and grown in Dulbecco’s
modified Eagle’s medium supplemented with 10% fetal
bovine serum and 100 units mL-1 penicillin/strepto-
mycin sulfate. The cells incubated in a humidified
incubator with 5% CO, atmosphere at 37°C were fed
with fresh medium every 2 days and subcultured when
they reached a confluence of 80%.

COX-2 proteins assay of the cells

After determination of total phenolic content and HPLC
analysis, six fractions API-VI were lyophilized and
dispersed in dimethyl sulfoxide (5 pg mL-1). The mouse
macrophage cell line RAW 264.7 cells pretreated with
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Table I

Mean content of total phenolics and phenolic compounds of fractions API-IV

Compound API APII
Total phenolicsa 529+3.2 582+£25
Chlorogenic acidb 0.14 £ 0.02 0.31£0.03
Syringinb 0.18 £ 0.03 0.23 £0.02
Procyanidin B2b 1.7+0.1 26+0.2
Caffeic acidb - 0.15+0.02
Cinnamic acidb 0.88+0.1 0.12 £ 0.01
Phlorizinb - 0.19£0.02
Quercetinb - 55+0.2
Hyperinb - -

APIII APIV APV APVI

1481 +3.1 649+21 - -
2.84+0.1 1.90+0.1 - -
1.22+0.1 0.14+0.01 - -
92.6+22 - - -
0.13 £0.01 0.16 £0.01 - -
0.19 £ 0.02 - - -

- 0.18 £0.02 - -
46.7+1.3 19.6 £ 0.5 = =
1.5+£0.11 89+03 - -

“-" represents no detection; Values are mean # SD of three determinations; 2Expressed as mg gallic acid equivalent per 100 g of dry apple pomace
(mg GAE 100 g-1); PExpressed as mg per 1000 g of dry apple pomace (mg kg-1)

fractions API-VI respectively for 4 hours were treated
with 1 pg mL-1 of LPS for 20 hours. The cells in the
control group were left untreated and in the LPS group
were treated with LPS. After incubation, cells were
harvested using a cell scraper and lysed in lysis buffer
[20 mM Tris (pH 7.4), 5 mM EDTA, 0.1% Triton X-100,
and 0.01% 2-mercaptoethanol]. The lysates were
sonicated and centrifuged at 15,000 rpm for 10 min at 4°
C to remove insoluble material. The supernatant was
transferred to a new tube and stored at -20°C until
western  blotting analysis. The total protein
concentration was measured by the Bio-Rad protein
assay kit (Hercules, USA) using bovine serum albumin
as the standard. Samples containing equal amounts of
protein concentration were heated at 95°C for 5 min,
separated by 10% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis, and
electrotransferred to nitrocellulose membranes at 10 V
for 25 min using a semidry transfer (Bio-Rad Labora-
tories Ltd., USA). The membranes were blocked for 2
hours at room temperature with Tris-buffered saline
containing 5% non-fat milk, and were then incubated
with anti-COX-2 antibody (diluted 1:1,000) (Santa Cruz
Biotechnology, USA) for 4 hours at room temperature
and subsequently with horseradish peroxidase-conjuga-
ted antigoat secondary antibody (diluted 1:2,500) (Santa
Cruz Biotechnology, USA) for 1 hour at room tempera-
ture. Peroxidase activity was visualized using an ECL
kit (Pierce, USA) and a-Tubulin was used as an equal
loading control.

Statistical analysis

All data were expressed as means + SD from three
independent experiments. Statistical significance was
analyzed by Student’s t-test and one-way analysis of
variance (ANOVA) using SPSS Version 13.0. Values of
p<0.05 were considered to be statistically significant
differences.

Results

Different phenols of ethanol extract from apple pomace
were separated by absorbent resin column
chromatography. Different phenolic compounds were
eluted by different polar solutions. As shown in Table I,
six fractions API-VI had different total phenolic
contents. Among these fractions, APIIl was found to
have the highest content of total phenolic content (148.1
+ 3.1 mg GAE 100g-1), followed by APIV (64.9 + 2.1 mg
GAE 100g-1), APII (58.2 £ 2.5 mg GAE 100g-1), APl
(52.9 = 3.2 mg GAE 100g-1), APV (104 + 1.2 mg GAE
100g-1) and APVI (10.0 + 0.5 mg GAE 100g-1).

HPLC analysis showed that polyphenols of API-VI had
substantial variations in individual constituents (Table
I). Especially, APIII had the highest concentrations of
procyanidin B2 (92.6 + 2.2 mg kg-1) and quercetin (46.7
* 1.3 mg kg-1), whereas its (-)-epicatechin and phlorizin
were not detected. No (-)-epicatechin was found in
fractions API-VI. The phenolic constituents of fractions
APV and APVI were not detected.

Anti-inflammatory assay of fractions API-VI were
carried out using western blotting analysis. As shown
in Figure 1, murine RAW 264.7 macrophage cells
expressed undetectable levels of COX-2 protein under
unstimulated conditions. However, treatment with LPS
led to a dramatic increase in COX-2 expression. Frac-
tions API-VI had different inhibitory effects on the LPS-
induced COX-2 expression, which only APIII had the
significant inhibitory activity. Namely, APIII exhibited
stronger anti-inflammatory effects than other fractions.
It maybe suggested that total phenolic contents and/or
constituents of fractions had correlation with their anti-
inflammatory effects.

In order to identify the potential contributor(s) of inhi-
biting COX-2 protein expression in polyphenolenriched
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Figure 1: Effect of polyphenol-enriched fractions API-VI at 5 pg mL-1 on COX-2 expression in LPS-induced RAW 264.7
macrophage cells. *Significant difference: p<0.05 as compared to the LPS-treated group
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Figure 2: Effect of nine phenolics at 100 pM on COX-2 expression in LPS-induced RAW 264.7 macrophage cells. aSignificant differ-

ence: p<0.05 as compared to the LPS-treated group

extract of apple pomace, nine phenolic standards were
used to anti-inflammatory assay. After treatment with
these phenolics (100 pM) and LPS, cellular proteins
were extracted and subjected to western blotting analy-
sis of COX-2. As shown in Figure 2, pretreatment with

phenolics caused a discrepancy in LPS-induced COX-2
expression. Procyanidin B2, hyperin and quercetin evi-
dently reduced COX-2 expression level, which procya-
nidin B2 exhibited the strongest inhibitory activity at
the same concentration. (-)-epicatechin, phlorizin and
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cinnamic acid showed no potent anti-inflammatory
effects. On the contrary, chlorogenic acid, syringin and
caffeic acid promoted COX-2 expression. The results
indicated that procyanidin B2, hyperin, quercetin, (-)-
epicatechin, phlorizin and cinnamic acid had positive
correlation with their COX-2 suppression, which was
consistent with the previous reported findings (Zhang
et al., 2006; Ying and Zhang, 2011). That was why APIII
with the highest contents of procyanidin B2 and querce-
tin exhibited the strongest anti-inflammatory effects
among six fractions.

Discussion

Six polyphenol-enriched fractions API-VI were purified
from apple pomace using macroporous absorbent resin
XAD-16 in the present work. Anti-inflammatory test
showed that APIII had the stronger activity against
COX-2 expression than any other fraction. HPLC
analysis and bioassay suggested that different phenolic
compound had different inhibitory effect on COX-2
expression. Procyanidin B2, hyperin and quercetin
seem to play an important role in COX-2 suppression.
Based on our findings, the inhibitory effect of ethanol
extract from apple pomace on COX-2 suppression was
correlated not only with its total phenolic content but
also with its phenolic constituents. Therefore,
fractionation of polyphenol-enriched extract from apple
pomace using macroporous absorbent resins could be
effective way to prepare anti-inflammatory natural
products, which may be useful as a medicinal food.
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