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ABSTRACT 
 

The effect of extract of Korean wine waste on the production of nitric oxide (NO) and cytokines in splenocytes and 
RAW 264.7 cells was investigated using lipopolysaccharide (LPS) as a stimulant. Treatment of RAW 264.7 cells 
with the 85% aqueous methanol (MeOH) fraction from Korean wine waste reduced LPS-induced NO production in a 
dose-dependent manner (p<0.05). Culture supernatants of splenocytes exposed to a co-treatment of 85% aq. 
MeOH fraction and LPS were harvested to determine the production levels of cytokines [IL-2, IL-4, IL-5, IL-6, IL-
12/IL-23(p40) and IFN-γ]. As measured by ELISA, co-administration of 85% aq. MeOH fraction (10 μg/mL) with LPS 
significantly reduced the IL-2 expression after 48 h of treatment, as compared to treatment with only LPS (p<0.05), 
where the level of IL-6 expression was significantly lower after 24 h of the co-treatment (p<0.05). The IL-12/IL-
23(p40) expression levels after 24 and 72 h of co-treatment were also significantly lower than that from LPS 
treatment only (p<0.05). However, the IL-4 and IFN-γ expression levels were significantly lower only after 72 h of 
co-treatment. These results indicate that the 85% aq. MeOH fraction from Korean wine waste decreased the 
production of NO as well as the expression of the pro-inflammatory cytokines IL-2, IL-6 and IL-12/IL-23(p40). 
 

Keywords: Korean wine waste; nitric oxide; interleukin-2; interleukin-6; interleukin-IL-12/IL-
23(p40). 

INTRODUCTION 
 

Wine production entails the generation 
of huge amounts of by-products that consist 
mainly of organic wastes, wastewater, 
greenhouse gas emissions, and inorganic 
residues (Musse et al. 2007). By-products 
derived from the wine-making process also 
contain a high amount of secondary 
metabolites including phenolic acids, 
flavanols, proanthocyanidins, flavonols, 

anthocyanins, and stilbenes (Corrales et al. 
2008). Several studies have reported high 
antioxidant activities of these by-products, 
based on the polyphenolic content, 
suggesting winery-derived grape pomace to 
be an interesting source for natural 
antioxidants with application in the 
pharmacological, cosmetic, and food 
industries (Boussetta et al. 2009; 
Rockenbach et al. 2011). Moreover, grape 
seed extracts and their constituents have 
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been proven to prevent inflammation, and 
have demonstrated protective effects on 
chemical-induced ulcerative colitis in rats 
(Mitjans et al. 2004; Cheah et al. 2013). 
Additionally, chronic inflammation causes an 
elevation of oxid ative stress in the affected 
tissues, which in turn, enhances the 
inflammatory response by activating redox-
sensitive nuclear transcription factors 
(Alexander, 1995). Since grape pomace 
contains significant amounts of antioxidants 
(e. g. anthocyanins, catechin, epicatechin, 
quercetin, and a few phenolic acids), this 
material has been suggested as being 
beneficial for the prevention of oxidative 
stress and inflammatory conditions (Teixeria 
et al. 2014).  
 

Korean domestic wines are mostly 
fermented using Campbell Early grapes 
(Vitis labrusca cultivar Campbell Early) since 
the variety constitutes more than 70% of the 
total grape production in Korea (Kim, 2005). 
However, little information as to the anti-
inflammatory effect of Korean wine waste 
extracts has been reported. Our previous 
studies demonstrated that an 85% aqueous 
methanol (aq. MeOH) fraction from Korean 
wine waste, which contained higher levels of 
flavonoids and phenols, had both higher 
antioxidant (Baek and Lim, 2016) and anti-
proliferative (Baek and Lim, 2017) effects 
than those observed with other fractions. 
Thus, in this study we have extended these 
previous results by investigating the effect of 
this 85% aq. MeOH fraction from Korean 
wine waste on nitric oxide (NO) and cytokine 
production in lipopolysaccharide (LPS)-
induced inflamma-tion in macrophages and 
splenocytes, in order to evaluate the anti-
inflammatory effect of wine waste.  
 

MATERIALS AND METHODS 
 

Materials and Cell Culture 
  

6-week-old male C57BL6 mice 
(weighing approximately 25 g) were 

purchased from Daehan BioLink (Eumsong, 
Chungcheongbukdo, South Korea). 
Lipopolysaccharide (LPS), RPMI 1640, fetal 
bovine serum (FBS), phosphate buffer 
saline (PBS) and dimethylsulfoxide (DMSO) 
were obtained from Sigma-Aldrich (St. Louis, 
MO, USA). RAW 264.7 murine macrophage 
cell line was obtained from the Korea Cell 
Line Bank. The cells were maintained at 
37

o
C under 5% CO2 in DMEM containing        

10% FBS and 100 units/mL penicillin-
streptomycin. Mouse enzyme-linked 
immunosorbant assay kits purchased from 
Biolegent (San Diego, CA, USA) were used 
to measure the expression of cytokines (IL-2, 
IL-4, IL-5, IL-6, IL-12/IL-23(p40), IFN-γ). 
  
Sample Extracts and Fractions 
 

Korean red wine waste was collected in 
a wine farm named Cave Story 
(Yeoungcheon, Korea). Samples of Korean 
red wine waste were dried and sequentially 
extracted twice with acetone/methylene 
chloride (A+M) and methanol (MeOH) to 
obtain the maximum amount of extracts 
(Bae et al. 2014). Then the combined crude 
extracts were fractionated with n-hexane 
and 85% aqueous MeOH, and the aqueous 
layer was also further fractionated with n-
butanol (n-BuOH) and water, resulting in the 
n-hexane, 85% aqueous MeOH, n-BuOH 
and distilled water fractions. The 85% 
aqueous MeOH fraction was concentrated to 
dryness at 40℃ using rotary vacuum 
evaporator (N-100, EYELA, Japan) and the 
residue was kept at 4

o
C until analysis and 

assay. The 85% aqueous MeOH fraction 
was dissolved in DMSO. 
 
Measurement of Nitric Oxide 
Concentration 
 

RAW 264.7 cells (5 x 10 cells/ mL/ well) 
suspended in a 96-well microplate. The cells 
were incubated at 37

o
C under 5% CO2 in 
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DMEM containing 10% FBS and 100 
units/mL penicillin-streptomycin for 24 h. 
After changing with cell medium, samples 
were treated and incubated for 1 h. Then 
LPS (1 ppm) was treated to induce NO 
production and incubated for 48 h. NO 
concentration was measured by using 
Griess reagent as described (Green et al. 
1982). Briefly, culture supernatants (50 μl) 
were mixed with 50 μl of the Griess reagent, 
and the NO concentration in the culture 
supernatant was measured 10 min after 
mixing at an absorbance of 570 nm. NO 
concentration was determined with 
reference to the standard curve using 
sodium nitrite.   

 

Spleen Cell Culture Supernatants 
 

Cell counts within spleen cell 
suspensions were adjusted to 2 x 10

6
 

cells/mL using RPMI 1640 medium with 10% 
FBS, and the adjusted suspensions were 
distributed into 24-well tissue culture plates 
(Costar, Cambridge, MA, USA) at 1 mL/well. 
The cells were treated with sample and 
incubated at 37

o
C in a humidified 

atmosphere of 5% carbon dioxide. 
Concomitant treatment with sample and LPS 
also was conducted. As a control, cells were 
treated with treated with 0.01% DMSO. Cells 
were incubated for 6, 24, 48, 72 h before 
collection. The suspensions then underwent 
initial centrifugation at 300 x g for 10 min 
and secondary centrifugation at 1000 x g for 
30 min. The supernatants were stored at -
70

o
C until use in analysis of cytokine 

expression (Hwang et al. 2004). We 
measured the expression of IL-2, IL-4, IL-5, 
IL-6, IL-12/IL-23(p40) and IFN-γ in samples 
collected from 6, 24, 48, 72 h treatments. 

 

Measurement of Cytokines 
 

Capture antibodies for IL-2, IL-4, IL-5, 
IL-6, IL-12/IL-23(p40) and IFN-γ were diluted 
with coating buffer, loaded into 96-well 

plates at 100 μg/well, and incubated at 4
o
C 

overnight. The wells were washed with 
washing buffer 4 times, and 200 μL of assay 
diluents was added to each well. The plates 
were then incubated at room temperature for 
1 h. The wells then were washed with 
washing buffer 4 times again, and 100 μL of 
the sample was added to each well. The 
plates were then incubated at room 
temperature for 2 h. After washing 4 times, 
100 μL of the detection antibody for the 
appropriate cytokine was added to each well, 
and the plates were incubated at room 
temperature for 1 h. The wells were washed 
with washing buffer 4 times, 100 μL of 
avidin-horseradish peroxides was added to 
each well, and plates were incubated at 
room temperature for 30 min. After            
washing 5 times with washing buffer,              
100 μL of substrate fluid containing 
tetramethylbenzidine was added, and the 
plates were incubated at room temperature 
for 20 min. 100 μL of stop solution was 
added to stop reaction, and the optical 
density was measured at 450 nm using 
ELISA reader (Model 550 microplate reader, 
Bio-Rad, Richmond, VA, USA) (Kim et al. 
2001). 
 

Statistical Analysis 
 

Data were presented as mean ± 
standard deviation (SD). To determine 
normal distribution, Kolmogorove-Smirnov 
test was done. Significance of differences 
observed between the control and 
experiment groups using Student’s t test at 
p<0.05. Analyses were conducted using 
STATISTICA package. 

  
RESULTS 
 

Effect of 85% aq. MeOH Fraction from 
Korean Wine Waste on LPS-induced NO 
Production 
 

The effect of the 85% aq. MeOH fraction 
from Korean wine waste on LPS-induced 
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NO production was examined (Fig. 1). 
Whereas LPS induced a high level of NO 
production in RAW 264.7 cells, the              
addition of 85% aq. MeOH fraction reduced 
the LPS-induced NO production in a dose-
dependent manner (p<0.05). Treatment with 
2 mg/ mL of 85% aq. MeOH fraction resulted 
in 53% inhibition of the LPS-induced NO 
production. 

 
Effect of 85% aq. MeOH Fraction from 
Korean Wine Waste on Cytokine 
Expression 

  
Changes in the expression of cytokines 

[IL-2, IL-4, IL-5, IL-6, IL-12/IL-23(p40) and 
interferon-gamma (IFN-γ)] were investigated 
upon treatment of mouse splenocyte 
suspensions with LPS- only or with co-
administration of LPS and different 
concentrations of the 85% aq. MeOH 
fraction from Korean wine waste. Table 1 
shows the modulation of IL-2 expression 
induced by the 85% aq. MeOH fraction. Co-
administration of 10 μg/mLof the fraction 
with LPS significantly reduced IL-2 
expression after 48 h of treatment, 
compared with that from LPS treatment only 
(p<0.05). As shown in Table 2, the use of 
LPS as a stimulant increased IL-5 
expression in a time-dependent manner. Co-
administration of 3 μg/mL of 85% aq. MeOH 
fraction with LPS resulted in a significantly 

higher IL-5 expression after 48 h than that 
observed with LPS treatment alone (p<0.05). 
Table 3 shows the effects of the 85% aq. 
MeOH fraction on IL-6 expression. Co-
administration of 10 μg/mL of 85% aq. 
MeOH fraction with LPS significantly 
reduced IL-6 expression after 24 h of 
treatment, relative to that from LPS 
treatment only (p<0.05), whereas a 
significant increase was observed at 6 and 
72 h of co-treatment with 3 μg/mL of 85% aq. 
MeOH fraction and LPS (p<0.05). Co-
administration of 10 μg/mL of 85% aq. 
MeOH fraction with LPS significantly 
decreased IL-12/IL-23(p40) expression after 
24 and 72 h of treatment, as compared with 
treatment with LPS only (p<0.05) (Table 4). 
However, co-treatment with 3 μg/mL of the 
fraction and LPS significantly increased the 
IL-12/IL-23(p40) expression level after 6 h 
(p<0.05) relative to that from LPs               
treatment alone. Table 5 shows the 
expression of IL-4 induced by 85% aq. 
MeOH fraction from Korean wine wastes. 
Co-administration of 10 μg/mLof 85% aq. 
MeOH fraction with LPS resulted in 
significantly lower IL-4 expression than that 
observed with LPS alone after 72 h of 
treatment (p<0.05). As shown in Table 6, 10 
μg/mL of the fraction with LPS significantly 
decreased the IFN-γ expression level after 
72 h (p<0.05) relative to that from LPS 
treatment alone. 

 
Table 1. Effect of 85% aqueous MeOH fraction from wine waste on the production of lipopolysaccaride 

(LPS) induced interleukin-2 at different times in mouse spleen cells 
 

Samples (μg/mL) Concentrations (pg/mL) 

6 hr 24 hr 48 hr 72 hr 

LPS 0.29±0.06 0.33±0.12 0.37±0.06 0.25±0.12 

LPS + 85% aq. MeOH 3 0.08±0.12 0.37±0.47 0.29±0.06 0.17±0.00 

LPS + 85% aq. MeOH 10 0.08±0.12 0.29±0.06 0.21±0.06* 0.08±0.00 
The values were expressed as the mean ± SD and  
*significantly different between the control and each  

treatment at p<0.05 
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Table 2. Effect of 85% aqueous MeOH fraction from wine waste on the production of lipopolysaccaride 
(LPS) induced interleukin-5 at different times in mouse spleen cells 

 
Samples (μg/mL) Concentrations (pg/mL) 

6 hr 24 hr 48 hr 72 hr 

LPS 0.10±0.14   0.27±0.10   0.31±0.05   0.31±0.05   

LPS + 85% aq. MeOH 3 0.17±0.05 0.41±0.00 0.48±0.00* 0.61±0.10 

LPS + 85% aq. MeOH 10 0.20±0.10 0.44±0.05 0.31±0.05 0.20±0.00 
The values were expressed as the mean ± SD and *significantly different between the control and each treatment at 

p<0.05 
 

Table 3. Effect of 85% aqueous MeOH fraction from wine waste on the production of lipopolysaccaride 
(LPS) induced interleukin-6 at different times in mouse spleen cells 

 

Samples (μg/mL) Concentrations (pg/mL) 

6 hr 24 hr 48 hr 72 hr 

LPS 0.99±0.20   1.56±0.20   2.08±0.27   1.75±0.33   

LPS + 85% aq. MeOH 3 1.56±0.20* 1.75±0.07 2.41±0.07 3.02±0.13* 

LPS + 85% aq. MeOH 10 0.99±0.07 1.09±0.20* 1.18±0.07 1.13±0.00 
The values were expressed as the mean ± SD and *significantly different between the control and each treatment at 

p<0.05 
 

Table 4. Effect of 85% aqueous MeOH fraction from wine waste on the production of lipopolysaccaride 
(LPS) induced interleukine-12/ interleukine-23(p40) at different times in mouse spleen cells 

 

Samples (μg/mL) Concentrations (pg/mL) 

6 hr 24 hr 48 hr 72 hr 

LPS 1.16±0.07   1.81±0.07   2.09±0.20   2.70±0.26   

LPS + 85% aq. MeOH 3 1.72±0.07* 2.60±0.79 2.28±0.33 2.28±0.07 

LPS + 85% aq. MeOH 10 1.67±0.13* 1.63±0.07* 2.23±0.00 1.58±0.13* 
The values were expressed as the mean ± SD and *significantly different between the control and each treatment at 

p<0.05 
 

Table 5. Effect of 85% aqueous MeOH fraction from wine waste on the production of lipopolysaccaride 
(LPS) induced interleukin-4 at different times in mouse spleen cells 

 

Samples (μg/mL) Concentrations (pg/mL) 

6 hr 24 hr 48 hr 72 hr 

LPS 0.34±0.36   0.56±0.18   0.94±0.36   0.77±0.12   

LPS + 85% aq. MeOH 3 0.26±0.12 0.73±0.42 0.56±0.18 0.47±0.06 

LPS + 85% aq. MeOH 10 0.34±0.24 0.56±0.18 0.51±0.12 0.43±0.12* 
The values were expressed as the mean ± SD and *significantly different between the control and each treatment at 

p<0.05 
 

Table 6. Effect of 85% aqueous MeOH fraction from wine waste on the production of lipopolysaccaride (LPS) 
induced interferone-γ at different times in mouse spleen cells 

 
Samples (μg/mL) Concentrations (pg/ mL) 

6 hr 24 hr 48 hr 72 hr 
LPS 29.27±13.80   51.22±3.45   70.73±24.15   51.22±10.35   
LPS + 85% aq. MeOH 3 24.39±6.90 65.85±44.84 39.02±20.70 26.83±17.25 
LPS + 85% aq. MeOH 10 48.78±0.00 58.54±6.90 51.22±17.25 27.97±6.90* 

The values were expressed as the mean ± SD and *significantly different between the control and each treatment at 
p<0.05 



Fig. 1. Effect of 85% aqueous MeOH fraction from wine waste on the production of 
nitric oxide 

*significantly different between the control and each treatment at 

  
DISCUSSION 
 

Wine by-product represents 
approximately 20% of the weight of the 
grapes that are processed, and it is already 
known that a large range of products can be 
recovered from these by-products, such as 
phenolic compounds, grape seed oil and 
dietary fiber. These by-products are known 
to have important roles in protection against 
lipid oxidation and degenerative diseases 
like cancer and atherosclerosis, and in 
inflammation processes. In the present study, 
we have provided evidence that the 
MeOH fraction from Korean wine waste 
decreases the production of NO as well as 
the expression of pro
cytokines in splenocytles and macrophages. 
NO is an important regulatory and effector 
molecule with a variety of biological 
functions (Magazine, 1995; MacMick
1997; Bredt, 1999). Its overproduction has 
been associated with oxidative stress 
and Mehlhorn, 1986) and with the 
pathophysiology of various diseases such as 
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Effect of 85% aqueous MeOH fraction from wine waste on the production of 
nitric oxide (NO) in RAW 267.4 cells  

*significantly different between the control and each treatment at p<0.05 

product represents 
approximately 20% of the weight of the 
grapes that are processed, and it is already 
known that a large range of products can be 

products, such as 
phenolic compounds, grape seed oil and 

products are known 
to have important roles in protection against 
lipid oxidation and degenerative diseases 
like cancer and atherosclerosis, and in 
inflammation processes. In the present study, 
we have provided evidence that the 85% aq. 

om Korean wine waste 
decreases the production of NO as well as 
the expression of pro-inflammatory 
cytokines in splenocytles and macrophages. 
NO is an important regulatory and effector 
molecule with a variety of biological 

(Magazine, 1995; MacMicking et al. 
. Its overproduction has 

been associated with oxidative stress (Sies 
and with the 

pathophysiology of various diseases such as 

arthritis, diabetes, stroke, septic shock, 
autoimmune disease, and chronic 
inflammation (Monaca et al. 1991; Arteel et 
al. 1999). Thus, the determination of foods 
and beverages with the potential to 
decrease NO has become increasingly 
important. Rebelo et al. 
demonstrated that phenolic extracts of 
Duuro wine exerted a dose
decrease of NO production in RAW 264.7 
macrophages. Kamap et al. (2000)
the antioxidants of wine behaved as 
modulators of NO production. Qureshi et al.
(2012) found that resveratrol and 
pterostilbene, which are present in grapes, 
blueberries, and red wine, inhibited the 
production of NO and also significantly 
suppressed the expression of tumor 
necrosis factor-alpha (TNF-α), IL
and inducible nitric oxide synthase genes in 
LPS-stimulated RAW 264.7 cells.

 
Cytokines regulate the growth 

differentiation of different lymphocyte 
subsets and they activate and regulate cells 

 
 

 

 

 
 

Effect of 85% aqueous MeOH fraction from wine waste on the production of 

arthritis, diabetes, stroke, septic shock, 
autoimmune disease, and chronic 

(Monaca et al. 1991; Arteel et 
. Thus, the determination of foods 

and beverages with the potential to 
decrease NO has become increasingly 
important. Rebelo et al. (2014) 
demonstrated that phenolic extracts of 
Duuro wine exerted a dose-dependent 
decrease of NO production in RAW 264.7 

(2000) observed 
the antioxidants of wine behaved as 
modulators of NO production. Qureshi et al. 

found that resveratrol and 
pterostilbene, which are present in grapes, 

and red wine, inhibited the 
production of NO and also significantly 
suppressed the expression of tumor 

α), IL-1β, IL-6, 
and inducible nitric oxide synthase genes in 

stimulated RAW 264.7 cells. 

Cytokines regulate the growth and 
differentiation of different lymphocyte 
subsets and they activate and regulate cells 



 
 

 

 
 

BIONATURE : 2018 
 
 

 
(111) 

 

 

that participate in the inflammatory response. 
IL-12/IL-23(p40) has been implicated as key 
mediators of immune-mediated inflammatory 
diseases and multiple sclerosis (Wang et al. 
2004). Since grape pomace contains 
significant amounts of anthocyanins, 
catechin, epicatechin, quercetin, and a few 
phenolic acids, this material has been 
suggested to be beneficial for the prevention 
of oxidative stress and inflammatory 
conditions (Teixeria et al. 2014). Recently, 
there have been accumulating reports on 
the anti-inflammatory effect of grape wastes 
including seeds, although little information 
on wine wastes is available. Nunes et al. 
(2013) reported that a red wine extract 
suppressed cytokine-induced IκB 
degradation and IL-8 production in a dose-
dependent manner. Bognar et al. (2013) 
demonstrated that malvidin, the most 
abundant polyphenol ingredient of red wine, 
induced a series of cellular and signaling 
events that protected LPS-stimulated cells 
against inflammation-mediated chronic 
conditions. Cho et al. (2009) reported that 
grape seed proanthocyanidin extract 
treatment significantly reduced the numbers 
of TNF-α- or IL-17- producing cells in the 
synovial tissue, with the spontaneous 
production of TNF- α and IL-17 by 
splenocytes compared with that in control 
mice. Mukherjee et al. (2012) found that 
treatment with grape skin or grape flesh 
significantly increased the IL-4 level, but 
reduced TNF-α, IFN-γ, transforming growth 
factor and vascular endothelial growth 
factor-A compared to the ethanol-treated 
group. Hogan et al. (2010) found that dietary 
supplementation with 250 mg grape 
pomace/kg per day for 12 weeks showed 
significant anti-inflammatory effects in obese 
mice. Our results indicated that the 85% aq. 
MeOH fraction from Korean wine waste 
decreased the expression of the pro-
inflammatory cytokines IL-2, IL-6, and IL-
12/IL-23(p40). Our previous study had 

shown that the 85% aq. MeOH fraction 
contained higher contents of total flavonoids 
and phenols than that in other fractions, 
suggesting that the anti-inflammatory ability 
of Korean wine waste might be related to 
these phenolic compounds (Baek and Lim, 
2016). Thus the recycling of winery co-
products or side streams constitutes an 
opportunity for providing valuable materials 
to the pharmaceutical, cosmetic 
nutraceutical, and food industries, 
contributing to reductions in both the costs 
and environmental impact linked to the 
disposal of these by-products in the 
production areas. These results are is in 
accordance with published effects of 
phenolic compounds, reinforcing the 
beneficial health effects of wine wastes. 

  

CONCLUSION 
 

Wine by-product represents 
approximately 20% of the weight of the 
grapes that are processed, and it is already 
known that a large range of products can be 
recovered from these by-products, such as 
phenolic compounds, grape seed oil and 
dietary fiber. These by-products are known 
to have important roles in protection against 
lipid oxidation and degenerative diseases 
like cancer and atherosclerosis, and in 
inflammation processes. In the present study, 
we have provided evidence that the 85% aq. 
MeOH fraction from Korean wine waste 
decreases the production of NO as well as 
the expression of pro-inflammatory 
cytokines in splenocytles and macrophages. 
These results are is in accordance with 
published effects of phenolic compounds, 
reinforcing the beneficial health effects of 
wine wastes. 
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