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ABSTRACT

AIM: To gtudy theinteraction of resveratrol and ethanol on the production of pro-inflammatory factors from
activated murine peritoneal macrophages (MPM). METHODS: NO production was measured with Griess assay;
IL-1 production wasmeasured through thymocyte co-stimulating assay; IL-6 and TNF-a were deteded by ELISA
method. RESULTS: Resverdrol (6.25, 12.5, 25 nmol/L) and ethand (0.2 %, 0.8 %) synergigticaly inhibited the 24
h production of NO from lipopolysaccharide (LPS, 1 mg/L) and IFN-g (5 kU/L) gimulated MPM; resveratrol at
higher dose (25 nmol/L) dso inhibitedIL-6 production. Ethanol additively strengthened thiseffect. Ethand had no
sgnificant influence on 24 h MPM IL-1 production, but it promoted the ability of resveratrol on enhancing the
IL-1 release from activated MPM. Low dosesof ethanol inhibited 24 h production of TNF-a, however, both dose
of ethanol enhanced the promoting effect of resveratrol on TNF-a production. CONCLUSION: Resveratrol and
ethanol can interact to infl uence the production of macrophage function molecules, whichis noteworthy in evalu-
ating the health-care effect of wine consumption.

INTRODUCTION may confer many beneficial effects (cardioprotection
and neuroprotection, etc) to human health™?, The
health-care eff ects of wine are mostly ascribed to the
presence of its phenolic components, while the eff ect
of ethanol isdebatable.

Resveratrol, one major polyphenol component in

There are increasing epidemiologica sudies re-
vedl that wine, when consumed in moderate amounts,
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red wine, has been proved to possess multifunctions
like anti-cancer, anti-mutagenesisand cardioprotection™.
The functional mechanisms of resveratrol include act-
ing asfree redical scavenger, and as modulator of many
key enzymes in cdl life, such as cyclooxygenase
(COX-1, COX-2), lipoxygenase, iINOS, protein kinase
C (PKC), protan tyrosinekinase (PTK), ribonucleotide
reductase, and P450. Regulation on the activity of
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nuclear factor-kappa B (NF-kB) may explainits multi-
functions in part.

Contragt to many detailed however separate re-
searches done on the physiologica or pharmacological
effectsof ethand and winebeneficia components, there
arefew reportsfocusng on the interaction between
them. In thisexperiment, taking primary cultured mu-
rine peritonea macrophages (MPM) as the cell model,
we tesed how production of macrophage eff ector
mediators (NO, TNF-a, IL-1, IL-6) changed by
resveratrol and ethanol. We especially noticed how the
secretion mode of macrophage changed in the pres-
ence of both of them.

MATERIALSAND METHODS

Reagents Transresverarol, MTT [3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide],
LPS (Lipopolysaccharide, from Escherichia coli Sero-
type 055:B5) and ABTSs [2,2'-azino-his(3-ethylbenz-
thiazoline-6-sulfonic acid)] were Sigma products.
RPMI-1640 andfeta bovine serum (FBS) were abtai ned
from GIBCO. Purified rat anti-mouse IL-6, purified
rabbit anti-mouse TNF-a, and biotin rat anti-mouse
IL-6, TNF-a were PharMingen products.

Cell preparation Inflammatory peritonea mac-
rophageswere licited by ipmaeBab/c mice, 6-8 weeks
old, with1 mL 10 % gerilized thioglycollate. Cellswere
harvested aseptically from the peritoneal cavity 4d after
the injection and were cultivated in RPMI-1640 con-
taining 10 % heat-inactivated fetal bovine serum. Cells
with density of 3.5x10%well were used throughout the
whole experiment.

Nitrite detection Griess reagent (1 % sulfana
mide in water and 0.1 % naphthylenediamidein 2.5 %
phosphoric acid) was used to detect nitrite accumula
tion". That was, 100 niL of macrophage culture su-
pernatant was collected and mixed with 100 L. Griess
reagent, after 15 min reaction, the absorbance val ue
was read at 570 nm with a Bio-Rad microplate reader,
and the relative nitrite concentration was cal cul ated with
the standard curve of nitric sodium.

TNF-a and IL-6 production measurement
Macrophage TNF-a, IL-6 levels were measured by
sandwich enzyme-linked immunosorbent assay
(ELISA) using purified anti-mouse antibody
(PharMingen). ABTswasusad to devel op color reaction.
The absorbance was measured at 405 nm.

IL-1 detection IL-1 wasdetected withthymocyte
co-stimulation assay™. Balb/c mouse thymocyte

(1x10%well) suspension with 50 nL. ConA (2 mg/L)
and 50 L collected supernatant in atota volume of
200 L was incubated for 48 hat 37 °C and 5 % CO.,.
Cel proliferation was assayed by MTT method'®.
Briefly, 4 h before the ending of culture, 20 nk MTT
was added to each well (final MTT concentration was
0.5 g/L), at the end of the culture, 100 L per well of
culture supernatant was moved out, and 100 nL. dis
solving solution (10 % SDS-50 % N, N-dimethyl-
formamide) wasadded in, then the plate was incubated
for further 6-7 hin the incubator to let the purple
formazan dissolve. Absorbance was measured a 570
nm, and the relative | L-1 amount was expressed as the
proliferation promoting rate (PPR) caculated by the
formulabelow:

A 570 nm (detected well-basal well)

%PPR = x100 %

A 570 nm (basal well)

Statistical analysis Results were expressed as
meantSD, independent two-tailed Student’ s ¢-test was
performed and P vauesless than 0.05 were consdered
to besgnificant. Each experiment was repeated at least
three times.

RESULTS

Synergistic effects of resveratrol and ethanol
on inhibition of NO release from endotoxin acti-
vated macrophages NO production from macroph-
ages caused by endotoxin (LPS 1 mg/L) reached pesk
after 24 h of stimulation. While no direct cytotoxic
effed wereobserved (MTT method, data not provided),
resveratrol (6.25, 12.5, and 25 nmol/L) and ethanol
(0.2 %, 0.8 %) both inhibited the LPSinduced NO re-
lease from macrophages. The inhibitory rate were
5.3 %, 25.8 %, 62.2 % for resveratrol and 5.1 %,
43.1 % for ethanol, respectively. Their effectswere
synergistic when used together, the inhibition rate in-
creased to 19.4 %, 52.8 %, 77.6 % (resveratrol with
0.2 % ethanol) and 70.7 %, 80.0 % and 96.5 %
(resveratrol plus0.8 % ethanol) respectively (Fig 1).

Effects of resveratrol and ethanol on macroph-
age IL-6 release Under our teing sygem, 25 mmol/L
resveratrol showed weak inhibitory effect on activated
MPM IL-6 production, theinhibitory raewas 15 %, while
other doses of resveratrol showed no apparent effect
(datanot provided). Ethand could inhibit the MPM IL-6
produdtion; the inhibitory rate was 13% for 0.2 % etha-
nol and 24 % for 0.8 % ethanol. Adding of resveratrol
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Fig 1. Resveratrol and ethanol synergistically inhibit 24 h
NO release from LPS stimulated MPM. n=4. Mean+SD.
P<0.01 vs control. “P<0.05,'P<0.01 vs related ethanol (EtOH)
group. "P<0.05,'P<0.01 vs related resveratrol (RES) group.

significantly strengthened the ethanol’ sinhibitory effect
(Tab 1).

Tab 1. Effects of resveratrol and ethanol on IL-6 release
from 24 h culture of LPS and IFN-g stimulated murine peri-
toneal macrophages. n=3. Mean+SD. "P<0.05 vs control
group. °P<0.05 vs related ethanol group. "P<0.05,'P<0.0115
related resveratrol group.

Resveratrol/mmol%®  Ethanol/% IL-6/mgx*
- - 64.6x1.2
25 - 54.7+0.4°
- 0.2 56.1+1.6
25 0.2 42.3+0.4%¢
- 0.8 48.9+0.6°
25 0.8 420140

Effects of resveratrol and ethanol on IL-1 pro-
duction After gimulated by LPS 1 mg/L plus|FN-g5
kU/L, MPM produced large amount of IL-1in 1-2 h,
which sgnificantly promoted mouse thymocytes pro-
liferation with the co-action of ConA. While after 24 h
of stimulation, the IL-1 production decreased sgnifi-
cantly (data not provided). As shown in Tab 2,
resveratrol apparently dose dependently increased the
24 h 1L-1 production, and its effect was enhanced by
ethanol additively. Ethanol itself also dightlyincreased
IL-1 production, but the results had no statistical

Tab 2. Effects of resveratrol and ethanol on 24 h IL-1 re-
lease from LPS and IFN-g stimulated murine peritoneal
macrophages. n=4 for IL-1 detction, n=3 for TNF-a
detection. Mean+SD. “P<0.01vs control. ‘P<0.05, 'P<0.011s
related ethanol group. "P<0.05 vs related resveratrol group.

Resveratrol/ Ethanol/%  Proliferation

_ -1
nmoltt promoting rate/% TNF-a/mpt
- - 10.1+2.3 6.8+0.1
6.25 - 19.7+3.5° 10.1+0°
125 - 34.743.2° 10.2+0.1°
25 - 50.8+8.9° 7.340.1°
- 0.2 12.8+2.8 4.0+0.0°
6.25 0.2 27.4+1.6% 12.9+0.1°¢
125 0.2 455+3.14" 12.2+1.1
25 0.2 56.7+4.2° 6.0+0.0°"
- 0.8 14.9+4.2 11.4+0.0°°
6.25 0.8 26.5+1.7°¢ 16.6+0.8°¢
125 0.8 49.0+4.4% " 14.6+0.3°"
25 0.8 63.8+7.9%" 9.0+0.2%"
significance.

Effects of resveratrol and ethanol on macroph-
age TNF-a release LPSand IFN-gtreatment a so
induced large amount of MPM TNF-a release. Six
hours af ter simulation, TNF-a production reached its
peak concentration. Resveratrol dose dependently sup-
pressed the TNF-a production. When used with
ethanol, resveratrol antagonized the inhibitory effect of
ethanol on TNF-a production (datanot provided). Af-
ter 24 h simulation, whilelow concentration of ethanol
maintained the inhibitory effect, higher concentration
(0.8 %) of ethanol enhanced the production of TNF-a,
and both doses of ethanol could enhance the promoting
effect of resveatrol on MPM TNF-a production
(Tab 2).

Consdering the contradictory results between ours
and previous reports about the effect of resveratrol on
macrophage TNF-a production may be caused by differ-
ent testing time point selected, we aso checked the ef-
fect of resverarol and ethanol on early phase (1 h)
activated MPM TNF-a production. Consistent with
effects on MPM NO production, resveratrol and etha
nol both dose dependently and synergistically inhibited
TNF-a production from 1 h endotoxin activated MPM
(data not shown).
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DISCUSSION

Under the gimulation of bacteria endotoxin
(especid ly with the co-effect of IFN-g), macrophage
rel eased large amounts of functional molecules (NO,
TNF-a, IL-6, IL-1). Acute ethanol treatment sup-
pressed macrophage NO production, this was smilar
to previous in vivo and in vitro reports onalveolar mac-
rophages” and Kupffer cells®. Wine phenolic compo-
nent resveratrol aso dose-dependently suppressed NO
production. When used together, resveratrol and etha-
nol synergigtically inhibited NO production. Our result
was similar to Chan’ swork!®. However, while the con-
centrations of ethanol used were smilar, we used dose
of 0.2% and 0.8 %, they 0.1 %-0.75 %, they found no
direct or minima inhibitory effect of ethanol on NO
production and iNOS gene expresson of Raw 264.7
macrophage. The difference may be caused by differ-
ent cell studied.

At the same doses that showed significant inhibi-
tion on MPM NO production, the effect of resveratrol
on IL-6 production was weak. However, it could
grengthen the inhibitory effect of ethanol on IL-6
production. Ethanol (at |ow dose) maintained its in-
hibitory effect on 24 h TNF-a production, whileit had
no apparent influence on |L-1 production. However,
resveratrol enhanced the production of both of the
cytokines, and itseffect on IL-1 production was pro-
moted by additi on of ethanol.

We have noticed most of the effectsof resveratrol
and ethanol on production of pro-inflammatory factors
were synergigtic or additive. Ethanol enhanced the in-
corporation of resveratrol into cells so to promote the
effect of resveratrol may be one possibl e explanation;
however, research is needed to find out the molecular
targets of resveratrol and ethanol insignal transduction
of endotoxin activated macrophage, which induced in-
flammatory cytokines production.

Another noticeable point in our result wasthat,
the inhibitory effect of ethanol on 24 h TNF-a produc-
tion in moderatedose was not augmented at higher doseg;
On the contrary, higher dose of ethanol could promote
TNF-a production. We aso noticed this phenomenon
in the influence of ethanol on the production of other
inflammatory cytokine (IL-12, datanot provided), while
the physiologica or pathologica meaning of this phe-
nomenon needsfurther investigation.

Cytokines influence the production of each other,
which compose acomplex immuno-regul ation network.

For example, nitric oxide can attenuate the production
of IL-1b through modifying the structureof I1L-1b con-
verting enzyme; TNF-a recently wasfound to play pro-
tective rolesduring inflammation by regulating of pro-
inflammatory factors (COX-2, exogenousl L -1b induced
IL-1b and IL -6) gene expression, TNF-a also could
attenuate its own expresson™®. In our test system,
wine component resveratrol and ethanol may act to-
gether to restrict some inflammatory factors (like NO
and IL-6) production. However, they also cooperate to
enhance the production of other inflammatory/immuno-
gimulatory factors (IL-1). Our experiment provided
useful data to better recognize the effect of wine
component, resveratrol, and to rationally evauate the
possi bleinfluence of wineconsumption on human hedth.
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