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Summary Background A recent
prospective cohort study revealed
that moderate wine consumption
but not consumption of other alco-
holic beverages is associated with a
decreased risk of common cold. In
contrast, wine constituents such as
ethanol and polyphenols are
known to suppress immunity. Aim
of the study We investigated
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Acute intake of moderate amounts
of red wine or alcohol has no effect
on the immune system of healthy men

whether acute intake of a moderate
amount of alcohol modulates im-
mune functions in healthy men
and whether polyphenols in red
wine with antioxidative and im-
munomodulatory potential induce
changes in immune functions that
differ from those induced by the
consumption of the 12 % ethanol.
Methods Six healthy males with
moderate alcohol consumption
patterns randomly consumed a
single dose of 500 ml of red wine
(12 % ethanol), a 12 % ethanol dilu-
tion, dealcoholized red wine, and
red grape juice, respectively. The
following immune functions were
measured before beverage con-
sumption and 1, 3, and 24 h later:
phagocytic activity and intensity of
neutrophils and monocytes, pro-
duction of tumor necrosis factor-
alpha, interleukin-2, and inter-
leukin-4, lymphocyte proliferation,

and lytic activity of natural killer
cells. Results Acute consumption of
a moderate amount of red wine
and of a 12 % ethanol solution had
no effect on immune functions in
men. Acute consumption of
polyphenol-rich beverages (dealco-
holized red wine and red grape
juice) also did not affect immunity.
Conclusions This study clearly
shows that moderate consumption
of alcohol at doses which inversely
correlate with cardiovascular dis-
ease risk has no short-term effect
on human immune cell functions.
Acute intake of polyphenol-rich
beverages such as red grape juice
and dealcoholized red wine also
does not affect immunity.

Key words red wine - red grape
juice - ethanol - anthocyanins -
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Introduction

In epidemiological studies moderate alcohol consump-
tion has been shown to protect people from coronary
heart disease (Renaud etal.1998, Rimm etal.1999,
Gaziano etal. 1999, Gronba&k etal.2000). Furthermore,
moderate intake of alcohol (up to three drinks) in non-
smokers intentionally exposed to rhinoviruses was as-
sociated with a decreased risk of the common cold (Co-
hen etal.1993) suggesting that alcohol may stimulate
the immune response against this type of virus. In a re-
cent prospective cohort study, total alcohol intake, beer

and spirits consumption were not related to the occur-
rence of common cold, whereas moderate consumption
of wine was inversely associated with the risk of com-
mon cold. The association was stronger for red wine
when compared with white wine (Takkouche et al. 2002)
indicating that specific polyphenols in red wine con-
tribute to the observed reduction in common cold risk.

In contrast, consuming more than three drinks of al-
cohol per day is associated with an increased all-cause
mortality (Bofetta and Garfinkel 1990). Chronic ethanol
abuse is known to result in specific defects in innate and
acquired immunity and may increase host susceptibil-
ity to infections (Watzl and Watson 1992, Nelson and
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Kolls 2002). Recent experimental evidence suggests that
acute, moderate alcohol consumption can also affect the
immune system. Pharmacological doses of ethanol in
vitro significantly suppress the production of pro-in-
flammatory cytokines such as tumor necrosis factor-o
(TNFa) in human peripheral blood mononuclear cells
(PBMC) (Watzl and Watson 1993, Szabo etal.1996).
Moreover, ethanol exposure of polymorphonuclear
neutrophilic granulocytes (PNG) and monocytes in
vitro and in vivo inhibits phagocytosis (Stoltz
etal. 1999) and decreases their capacity to produce re-
active oxygen species (Patel etal. 1996, Szabo 1999).
However, relatively little is known of the effects of acute
alcohol consumption on the immune system of humans
(Szabo 1999).

Alcohol consumption and its subsequent metabolism
in the liver generates reactive oxygen species, which in-
terfere with various immune cell functions. Phenolic an-
tioxidants in red wine may scavenge reactive oxygen
species and thereby protect the host against impairment
of immune cell functions due to ethanol intake. Based on
the French wine consumption of 180 ml/d, the daily in-
take of polyphenols from wine can be estimated to be as
high as 500 mg/person (Teissedre and Landrault 2000).
Recently, in an animal study it was shown that ethanol
intake in the form of red wine produced no changes in
blood lymphocyte and NK cell numbers, while a similar
intake of ethanol alone reduced the percentage of these
cells (Percival and Sims 2000). This suggests that
polyphenols in red wine may prevent toxic effects of
high ethanol doses. Immune cell functions, however,
were not measured in this study. Red wine contains a va-
riety of polyphenols with strong in vitro as well as in
vivo antioxidant (Wang etal. 1997, Casalini etal. 1999,
Lodovici etal.2001) and immunomodulatory effects
(Middleton etal.2000). Despite this, the immunological
effects of flavonoids in humans have not been studied
yet. Most polyphenol studies were performed in in vitro
systems demonstrating that flavonoids suppress a vari-
ety of immune functions including lymphocyte prolif-
eration, lytic activity of NK cells, and cytokine secretion
(Middleton et al. 2000).

The objective of this study was first to investigate 1)
whether the acute consumption of a moderate amount
of ethanol modulates immune functions in healthy men
during a period of 24 h, and 2) whether polyphenols in
red wine with their antioxidative and immunomodula-
tory potential induce changes in immune functions that
differ from those induced by the consumption of a 12 %
ethanol beverage.

Subjects and methods
Subjects and study design

Six non-smoking men with moderate alcohol consump-
tion patterns and with normal body weight were re-
cruited for the study. All subjects were in good medical
health as determined by a screening history and medical
examination. None were taking vitamin supplements or
medications two months before or during the study. The
study was approved by the Medical Ethical Committee of
the Landesdrztekammer Baden-Wiirttemberg and all
participants gave their consent in writing.

The study was performed under strictly-controlled
conditions at the human nutrition unit of the Federal
Research Centre for Nutrition within a period of 4
weeks. During the study period, subjects adhered to
their usual diets, but were instructed to avoid food prod-
ucts rich in anthocyanins or polyphenols (Bub
etal.2001). Each volunteer had 4 experimental treat-
ments: after an overnight fast, subjects consumed 500
mL of red wine (RW; 12% ethanol v/v), dealcoholized
red wine (DRW), red grape juice (RGJ), or ethanol
(ETOH; 12 % ethanol v/v), with a wash-out period of one
week between each experimental day. The subjects were
randomly assigned to one of the 4 groups; each subject
received the beverages in a different order. With the bev-
erages subjects ate 2 white rolls (150 g). Two hundred
min after breakfast, subjects consumed a standardized
meal, and further meals until the end of the 24 h-study
period were provided to all study subjects.

RW (variety Lemberger) and RG] (variety Lem-
berger) grown in the same vineyard were obtained from
the State Winery Weinsberg (Baden-Wiirttemberg, Ger-
many). Dealcoholization of the RW was achieved by a
vacuum rectification process (Center for dealcoholiza-
tion EAZ Petershans GmbH, Waiblingen, Germany). The
anthocyanin (mg/L) and catechin (mg/L) contents were
171.1 and 63.4 (RW), 144.8 and 47.0 (DRW), and 338.6
and 64.3 (RGJ), respectively. The 12 % ethanol beverage
was prepared from vodka.

Collection and preparation of blood samples

Fasting venous blood samples were collected before, 1,
3, and 24 h after beverage consumption. Blood was
drawn from an antecubital vein into prechilled tubes
containing Li-heparin (Monovette-Sarstedt, Niimbrecht,
Germany) and immediately placed on ice in the dark.
Plasma was collected after centrifugation at 1500 x g for
10 min at 4 °C. Tubes without anticoagulant (Serum-
Monovette-Sarstedt, Niimbrecht, Germany) were used
for serum collection. Blood was allowed to clot at RT for
30 min, then centrifuged at 1500 x g for 10 min at RT. The
serum was stored at —80 °C until analysis.
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Peripheral blood mononuclear cells (PBMC) were
isolated by density gradient centrifugation using
Histopaque 1077 (Sigma, Deisenhofen, Germany) and
resuspended in complete RPMI-1640 culture medium
(Life Sciences, Eggenstein-Leopoldshafen, Germany),
containing 5% (v/v) heat-inactivated FBS (Life Sci-
ences), L-glutamine (2mmol/L), penicillin (100,000
U/L) and streptomycin (100 mg/L).

Blood ethanol concentration. Blood ethanol concen-
trations were measured using a commercial kit (Hoff-
mann-LaRoche, Mannheim, Germany).

Lymphocyte proliferation. PBMC at 1 x 10° cells/L in
medium containing 10 % of FBS were stimulated by the
T cell mitogen concanavalin A (5mg/L, ConA, Sigma,
Deisenhofen, Germany) for 120 h at 37 °C. Proliferation
was measured using the pyrimidine analogue 5-bromo-
deoxyuridine, which was quantified in PBMC by a cellu-
lar enzyme immunoassay as described earlier (Watzl
etal.2000).

Quantification of cytokine secretion. PBMC at 1 x 10°
cells/L were cultured in medium containing 10 % of FBS
and stimulated by 5mg/L ConA for 24 h at 37 °C (IL-2,
IL-4) or by 1pug/L LPS (TNFa). Cell-free supernatants
were collected and stored at -80 °C until analysis. TNFa,
IL-2 and IL-4 were measured by sandwich-ELISAs as de-
scribed previously (Watzl et al. 2000).

Lytic activity of NK cells. Lytic activity of NK cells
against K562 target cells (effector:target ratios 50:1,25:1,
12.5:1) was measured with the flow cytometric method
(Watzl et al. 2000).

Phagocytic activity and intensity. Assessment of
phagocytic activity (percentage of phagocytic-active
cells) and phagocytic intensity (number of phagocy-
tized E. coli expressed as mean fluorescence) was based
on a recently described flow cytometric method
(O’Gorman 2002). Briefly, to measure phagocytic capac-
ity 10 pL isothiocyanate-labeled E. coli and 100 pL whole
blood were mixed and incubated at 37 °C for 10 min. Re-
action was stopped by adding 100 pL ice-cold quenching
solution (10% Trypan in PBS). After washing, whole
blood cells were fixed with 100 uL FACS-lysing solution
(diluted 1:10, BD, Heidelberg, Germany). DNA was
stained with 300pL propidium iodide solution
(33.3mg/L, dissolved in PBS). A FACSCalibur flow cy-
tometer (BD, Heidelberg) was used to measure the level
of phagocytic activity and intensity in neutrophils and
monocytes.

Statistical analyses

Results are reported as means+ standard error of the
mean (SE). Changes between the baseline (0 h) and the
following time-points among treatment groups was
tested for significance by repeated-measures ANOVA
with Fischer’s test for comparison of individual means
when appropriate. All statistical calculations were per-
formed with the StatView program (SAS Institute 1998,
Cary,NC, USA).

Results

The anthropometric data of the study subjects are sum-
marized in Table 1. All participants tolerated the inter-
vention with the 4 beverages very well and completed
the study. Maximum blood ethanol concentrations in
subjects consuming RW were 15.9 mM and 15.0 mM in
subjects consuming ETOH.

The capacity of activated PBMC to produce the cy-
tokines TNFaq, IL-2, and IL-4 did not differ at baseline
between subjects in the 4 groups. During the 24 h period
following the consumption of the beverages, no specific
effects were observed (Fig. 1). For TNFo and for IL-4,
however, with all beverages a significant time-effect was
seen (p <0.0001 and p =0.029, respectively). Phagocytic
activity and intensity of neutrophils and monocytes ex
vivo were not different at baseline and were not signifi-
cantly affected by the consumption of the different bev-
erages (Table 2). A significant time effect (p <0.0001)
was observed for phagocytic activity of neutrophils in-
dependent of the type of beverage consumed. Lympho-
cyte responsiveness to mitogen activation was also not
affected by the beverages during the 24 h period (Table
3). The lytic activity of NK cells also showed for all bev-
erages a significant time-effect (p <0.0001), while there
were no effects of the treatment on NK cell function
(Table 3; data are only shown for the effector:target ra-
tio of 25:1).

Discussion

Regular consumption of moderate amounts of wine is
associated with a reduced risk of cardiovascular disease
(Renaud etal. 1998, Rimm et al. 1999, Gaziano et al. 1999,
Gronbek etal.2000) and of common cold (Takkouche
etal.2002).In the present study the immunomodulatory

Table1 Anthropometric data of the study subjects (n = 6, mean + SE)

Age (yr) 31+£1.6
Height (cm) 182+2.9
Body mass (kg) 78+4.9
BMI (kg/m?) 24+1.6




B. Watzl et al.

267

Red wine consumption and immunity

A 1400
—o— RW
135 4 o RGJ
—w— DRW
1300 4 —— ETOH
—_
=
S 1250 A
[=
£
3 1200 4
[N
=
—
150 4
1100
1050
1000 T T
0 1 2 3 4 5 %
Hours
B 300
—o— RW
50 4 —O0— Ra)
—v— DRW
—— ETOH
200 -
=
S~
<)
= 150
Y
N ¥
=
100
50
0 : :
0 1 2 3 4 5 2%
Hours
C 40
35 —o— RW
—0— RaJ
30 J —v— DRW
—v— ETOH
= 5
S~
=) —
= 20
5 -
=
15 4
10
5
0 T T T T T T
0 1 2 3 4 5 %
Hours

Fig.1 Production of TNFa, IL-2, and IL-4 by activated peripheral blood mononu-
clear cellsisolated from subjects consuming a single dose of 500 mL red wine (RW),
dealcoholized red wine (DRW), red grape juice (RGJ) or a 12 % ethanol control bev-
erage (ETOH) at time point 0, and 1, 3, and 24 h post intakes (n = 6, mean + SE).
ATNFa, BIL-2, CIL-4. A significant time-effect for TNFouand IL-4 was observed by
ANOVA independent of the type of beverage consumed (TNFo., p < 0.0001; IL-4,
p=0.03)

Table2 Phagocytic activity (percentage of phagocytic-active cells) and phago-
cyticintensity (mean fluorescence per phagocyte) of peripheral blood mononuclear
cellsisolated from subjects consuming a single dose of 500 mL red wine (RW), deal-
coholized red wine (DRW), red grape juice (RGJ) or a 12 % ethanol control beverage
(ETOH) at time point 0, and 1, 3, and 24 h post intakes (n = 6, mean =+ SE)

Time (h)
0 1 3 24
Phagocytic activity — neutrophils (%)’
RW 40+4 41+4 54+5 53£5
DRW 35+5 37+6 42+4 47+3
RGJ 42+3 41+3 49+4 50+3
ETOH 41+3 41+4 49+5 50+2

Phagocytic intensity — neutrophils (mean fluorescence per neutrophil)

RW 64+5 6614 676 6614
DRW 70+7 76+8 71£5 70+4
RGJ 63+3 66+6 67+5 67+2
ETOH 73x6 72+£5 70£5 75£5
Phagocytic activity — monocytes (%)
RW 26+3 27+3 27+4 28+3
DRW 266 266 26+5 24+3
RGJ 24+5 24+4 25+5 29+2
ETOH 23+3 20+3 22+4 25+4

Phagocytic intensity — monocytes (mean fluorescence per monocyte)

RW 6414 65+6 65+7 6714
DRW 66+4 67+5 71£5 72+4
RGJ 65+6 70+6 63+4 63+4
ETOH 69+3 67+5 6514 764

! Asignificant time-effect was observed by ANOVA independent of the type of bev-
erage consumed (p < 0.0001)

Table 3 Proliferation and NK cell activity of peripheral blood mononuclear cells
isolated from subjects consuming a single dose of 500 mL red wine (RW), dealco-
holized red wine (DRW), red grape juice (RGJ) or a 12 % ethanol control beverage
(ETOH) at time point 0, and 1, 3, and 24 h post intakes (n = 6, mean + SE)

Time (h)
0 1 3 24

Lymphocyte proliferation (Asso—Asso)

RW 0.96+0.09 0.90+0.09 1.120.11 0.91£0.23

DRW 1.03£0.14 0.86+0.13 0.91£0.15 0.90+£0.17

RGJ 0.78+0.22 0.73x0.18 0.95+0.21 1.06%0.15

ETOH 1.07+0.13 1.04+0.07 1.17£0.16 1.09+0.10
NK cell activity (% lysed K562 target cells)"2

RW 61.5+2.3 55925 56.8+3.6 61.1£2.0

DRW 62.7+3.4 46.8+7.5 50.4+4.5 63.1£3.2

RGJ 64.3+£4.0 55.5+£9.0 56.0+£7.0 59.0+4.8

ETOH 65.5+4.6 58.4+5.6 63.3£6.2 61.4x2.0

! Effector:target ratio 25:1
2 A significant time-effect was observed by ANOVA independent of the type of bev-
erage consumed (p < 0.0001)

effect of a single dose of RW or alcohol was studied. The
rationale for such an approach was that we were in-
terested in investigating polyphenol bioavailability
from RW (Bub etal. 2001) as well as immunomodulatory
effects of ethanol and polyphenols within the same
study group during a 24 h period. This allowed us to re-
late changes in plasma polyphenol concentrations to
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potential changes in immune parameters. The volume of
500 mL RW provided the study subjects with a reason-
able amount of polyphenols without exposing them to
adverse ethanol concentrations.

The major polyphenol in the beverages RW, DRW,
and RG] was the anthocyanin malvidin-3-glucoside,
which contributed 80 % of the total anthocyanins in RW
and DRW and 69 % in RGJ (Bub etal.2001). The maxi-
mum malvidin-3-glucoside plasma concentrations in
our study subjects were 1-3 nM, which were reached
within 120 min following beverage consumption (Bub
etal.2001). This indicates that anthocyanins were ab-
sorbed, but only low plasma concentrations were
achieved, possibly too low to induce immunological ef-
fects.

In order to study whether neutrophils, monocytes
and lymphocytes were specifically affected by the dif-
ferent beverages, cell-specific functional assays were ap-
plied. Neutrophil functions such as chemotaxis and pro-
duction of reactive oxygen species are known to be
affected by ethanol and polyphenols (Patel et al. 1996, Lu
etal. 2001). Acute ethanol exposure in humans (5 glasses
of wine or more) induced neutrophil apoptosis (Singhal
etal. 1999), which is expected to impair neutrophil func-
tions. In the present study, however, no significant ef-
fects on neutrophil phagocytosis were observed with the
different beverages. A significant time-effect with
phagocytic activity was measured, resulting in in-
creased activity 3 h and 24 h after the consumption of
the 4 beverages. Currently, there is no explanation for
this observation other than a systemic experimental ef-
fect.

No differences in phagocytic activity and intensity of
monocytes were observed between the 4 beverages sug-
gesting that neither ethanol nor red grape-associated
polyphenols were effective. In vitro, ethanol exposure
has been shown to attenuate the phagocytic activity of
human monocytes via the Fc-receptor dose-depen-
dently (Morland and Morland 1984). While concentra-
tions comparable to those measured in the blood of our
study subjects (12 or 22 mM) had no effect in vitro con-
firming our in vivo observations, higher in vitro ethanol
concentrations significantly suppressed phagocytic ac-
tivity (Morland and Morland 1984).

As a monocyte-derived cytokine we measured the
production of TNFo by LPS-activated monocytes. No
significant treatment effects were measured; however, a
significant time-effect was observed. Such a circadian
rhythm for TNFa has already been reported (Petrovsky
etal. 1998).1In another study with acute alcohol exposure
(a single intake of 80 g ethanol with wine or beer) no
changes in plasma concentrations of monocyte-derived
cytokines such as TNFo and IL-10/- were measured
(Mohadjer etal.1995). In vitro, only high doses (=25
mM) as well as pharmacological doses of ethanol (>40
mM) significantly decreased TNFa. production by hu-

man monocytes (Verma etal. 1993, Szabo etal.1996,
Arbabi etal. 1999). Blood ethanol concentrations in sub-
jects of the present study may have been too low to af-
fect LPS-induced TNFo production.

Lymphocyte-derived cytokine production (IL-2, IL-
4) was likewise not modulated by ethanol or polyphenol
intake. For IL-4, a TH2-lymphocyte-specific cytokine,
no differences in serum levels between controls and al-
coholic patients were observed in another study (Laso
etal. 1998) supporting our observations that acute
ethanol consumption has no effect on TH2-lympho-
cytes. However, binge drinking of up to 3.1 liters of beer
significantly reduced IL-2 production, a TH1-specific
cytokine (Bagasra etal. 1989).In an animal study, a long-
term intake of high ethanol doses significantly increased
IL-2 production independent of dietary composition
(Watzl etal. 1993). This suggests that, in contrast to TH2-
lymphocytes, ethanol modulates TH1-lymphocytes de-
pending on dose and intake period. Lymphocyte prolif-
erative responsiveness to mitogen activation was also
not influenced by the different beverages. This is in
agreement with an earlier human study, which did not
observe acute effects of ethanol after alcohol consump-
tion (Mohadjer etal. 1995). In vitro, various flavonoids at
a concentration of 1 uM showed no effect on ConA-acti-
vated lymphocyte proliferation of mouse splenocytes
(Namgoong etal. 1993).

Lytic activity of NK cells was not affected by ETOH or
by RW. Another study with acute ethanol consumption
(blood ethanol levels 8.7 mM and 19.3 mM) also found
no change in NK cell lytic activity (Ochshorn-Adelson
etal. 1994). In contrast, chronic alcoholics without liver
disease were shown to have a significantly increased
number of NK cells and a parallel increase in NK cell
lytic activity (Laso etal. 1997). Recently, interesting data
from an animal study were published showing that long-
term ethanol consumption (14 % of the total daily en-
ergy intake) reduced NK cell numbers, which was not
seen in mice exposed to a similar dose of ethanol taken
up from red wine (Percival and Sims 2000). In this ani-
mal model red wine constituents may overcome the
detrimental effects of high ethanol concentrations on
NK cells. The circadian rhythm in NK cell lytic activity
observed in the present study has also been reported by
others (Haus 1996). Some studies have investigated the
effect of wine flavonoids on NK cell function. While
quercetin in vitro (1 mM) significantly decreased lytic
activity of NK cells (no effects at lower concentrations)
(Exon etal.1998), in animal models quercetin
(100 mg/kg b.w.) and catechin (125-500 mg/kg b. w.) in-
creased lytic activity of NK cells (Ikeda etal. 1984, Exon
etal. 1998). The doses used in in vitro studies and those
obtained in the animal studies were much higher than
the plasma polyphenol concentrations in the present
study.

In conclusion, the results of the present study clearly
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studies.

immunomodulatory effects in the 24 h following bever-

age consumption. In contrast to the results from several
in vitro studies (Middleton etal.2000), a moderate
polyphenol intake with RG] and DRW did not result in
immunosuppression. Whether long-term exposure to

moderate amounts of alcohol and RW significantly af-
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