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Red Wine May be Used in the Therapy of Myocarditis
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ABSTRACT
Myocarditis is one of the most commonly cardiovascular diseases in clinical practice, but the treatment is always limited at present.

Considering the multifactorial etiology of myocarditis, a novel therapeutic agent with multi-bioactivties should be presented. Red wine has

been recognized as a favorable natural medicine against a large number of pathologic conditions. Recent results indicate that red wine could

effectively decrease inflammatory factors secretion, reduce the migration of neutrophils, antagonize oxidation, and regulate immunity.

By these bioactivities of anti-inflammation, anti-oxidation, and immunomodulation, red wine may be an effective therapeutic candidate to

manage the symptoms and prevent the recurrence of myocarditis. J. Cell. Biochem. 111: 808–810, 2010. � 2010 Wiley-Liss, Inc.
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M yocarditis is an inflammatory heart muscle disease. Many

viruses have been implicated as causes of myocarditis.

Myocarditis can lead to sudden death [Feldman and McNamara,

2000], and 5–10% of patients with myocarditis may develop dilated

cardiomyopathy (DCM) [Kawai, 1999; Azuma et al., 2004], a major

cause of morbidity and mortality among young adults [Drory et al.,

1991]. Because the pathogenesis of myocarditis remains unclear,

treatment is not directed at the disease itself but instead at managing

the symptoms [Uhl, 2008; Cooper, 2009]. There is substantial

evidence suggesting that inflammatory response plays a key role in

the pathological process. Identifying novel anti-inflammatory may

lead to new drugs to treat myocarditis.

Recently, red wine has received considerable attention for its

ability reduce the risk of cardiovascular diseases. Moderate daily

wine consumption can reduce the incidence of coronary artery

diseases (CAD) [Grønbaek et al., 2000; Marfella et al., 2006]. The

biological effects of red wine include anti-inflammatory [Estruch

et al., 2004; Avellone et al., 2006], anti-oxidation [Canali et al.,

2000; Urquiaga et al., 2010], and chemopreventive effects [Magrone

et al., 2008a,b; Magrone and Jirillo, 2010]. Though many studies

have demonstrated that red wine has powerful protective effect

against cardiovascular disease, whether it has effect on myocarditis

are still poorly unknown. Accumulating evidence have demon-
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strated that red wine can downregulate of the inflammatory

response through inhibition of synthesis and release of pro-

inflammatory mediators, modificate of eicosanoid synthesis, inhibit

of activated immune cells, or inhibiting transcription factors such as

nuclear factor kB (NF-kB) or the activator protein-1 (AP-1). Hence,

we hypothesize that red wine could serve as a therapeutic compound

in managing myocarditis.

EFFECT OF RED WINE ON THE PRODUCTION
OF CYTOKINES

Although viral infection is the most common initiator of acute

myocarditis, the subsequent autoimmune response plays a lead role

in myocyte injury [Uhl, 2008]. Mast cells are one of the major

effecter cells in the immune response system. Activated mast cells

release pro-inflammatory cytokines, such as tumor necrosis factor a

(TNF-a), interleukin (IL)-6, IL-8, IL-13 and inflammatory mediators

including histamine, leukotrienes, serotonin, prostaglandin (PG)E2

as well as PGD2 [Zhu et al., 1999; Royer et al., 2001; Stassen et al.,

2001; Kang et al., 2009]. TNF-a is a potent inducer of other

inflammatory cytokines, including IL-1, IL-6, IL-8, and granulocyte

macrophage-colony stimulating factor (GM-CSF) [Arend and Dayer,
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1995; Butler et al., 1995]. There is considerable evidence

demonstrating the anti-inflammatory properties of red wine,

including inhibition of reactive oxygen species in neutrophils,

monocytes and macrophages [Martinez and Moreno, 2000]. The

release of various cytokines from macrophages and lymphocytes has

been shown to be inhibited by red wine [Feng et al., 2002]. As early

as 1990s, several studies have demonstrated that high doses ethanol

(>40 mM) significantly decreased TNF-a production by human

monocytes in vitro [Verma et al., 1993; Szabo et al., 1996; Arbabi

et al., 1999]. Moreover, studies by Canali et al. [2000] reported that

treatment with the highest dose of red wine prevented the zinc-

deficiency-induced pro-inflammatory cytokines, such as TNF-a and

cytokine-induced neutrophil chemoattractant, which likely protects

cells against inflammatory processes in mice. A recent study by

Marfella et al. [2006] demonstrate that moderate consumption of red

wine with meals was associated with significant reductions in

oxidative stress and inflammatory reaction and improvement of

cardiac function in middle-aged diabetic survivors of a recent

myocardial infarction (MI). They found that patients randomized to

diet without red wine intake had higher circulating levels of TNF-a,

IL-6, IL-18, and C-reactive protein (CRP) and impaired cardiac

function as compared with patients randomized to diet with red wine

intake. The favourable effect of red wine intake on cardiac function

might be because of its ability to decrease circulating TNF-a, IL-6,

IL-18, and CRP.

In recent years, the important roles of cyclooxygenase (COX)-2 in

various tumors and inflammatory diseases have been demonstrated

[Kong et al., 2002]. COX-2 is strongly induced in activated

monocytes and macrophages, one of the major mediators of

inflammatory reactions. Subbaramaiah et al. [1998] indicated that

resveratrol, an active ingredient of red wine, suppressed the

synthesis of PGE2 by inhibiting COX-2 enzyme activity.

EFFECT OF RED WINE ON THE PRODUCTION
OF TRANSCRIPTION FACTORS

Inflammation involves a complex web of cytokine signals, as well

as other components of signaling networks that include several

kinases, such as mitogen-activated protein kinases (MAPKs), protein

kinase C (PKC), phosphoinositide-3-kinase (PI3K), etc [de la Lastra

and Villegas, 2005]. MAPKs are activated by translocation to the

nucleus, where they phosphorylate a variety of target transcription

factors, including NF-kB and AP-1 [Bode and Dong, 2003; Kundu

and Surh, 2004]. NF-kB is a transcription factor for genes involved

in cell survival, cell adhesion, inflammation, differentiation,

and growth, which is activated by a variety of stimuli, such as

carcinogenesis, inflammatory agents, such as TNF-a and H2O2, and

tumor promoters [Dorai and Aggarwal, 2004]. Extensive research

during the last few years has shown that most inflammatory agents

mediate their effects through the activation of NF-kB and that most

anti-inflammatory agents suppress NF-kB activation [de la Lastra

and Villegas, 2005]. Feng et al. [1999] demonstrated that red wine

intake inhibited monocyte chemotactic protein-1 (MCP-1) expres-

sion in cholesterol-fed rabbits, a protein regulated by NF-kB.

Furthermore, study by Blanco-Colio et al. [2000] confirm that red
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wine intake prevents NF-kB activation in peripheral blood mono-

nuclear cells, a process that activates genes involved in immune and

inflammatory responses.

AP-1 is another transcription factor that regulates the expression

of several genes that are involved in cell differentiation and

proliferation. AP-1 activation can upregulate genes, such as IL-8,

among others. Most agents that activate NF-kB also activate AP-1

[Karin et al., 1997; Pervaiz, 2003]. Resveratrol has been shown to

inhibit TNF-induced activation of AP-1 [Manna et al., 2000]. The

activation of AP-1 is mediated by c-Jun N-terminal protein kinase

(JNK) and the upstream kinase MEK (mitogen-activated protein

kinase kinase or MAPKK) [Karin and Delhase, 1998]. TNF-induced

activities of JNK and MEK were inhibited by resveratrol, thus

providing a possible mechanism for AP-1 inhibition [Manna et al.,

2000].

THERAPEUTIC EFFECT OF RED WINE ON
MYOCARDITIS

Due to its strong effect of inhibiting activation of transcription

factors and reducing secondary activation of cytokines, red wine is

regarded as a promising drug of blocking the initiation and progress

of myocarditis. The most compelling in vivo evidence of the

anti-inflammatory role of the red wine is derived from studies

of rodents. In the experimental autoimmune myocarditis model in

rats, resveratrol significantly ameliorated myocardial injury and

preserved cardiac function [Yoshida et al., 2007]. Furthermore,

resveratrol can inhibit hyperplasia of myocardial collagen in the

mouse model of chronic viral myocarditis, acting as an effective

anti-fibrotic agent in the myocardium [Wang et al., 2009]. There-

fore, resveratrol may be a therapeutic modality for myocarditis.

CONCLUDING REMARKS

The above evidence suggests that red wine may have a useful

therapeutic effect in myocarditis through their anti-inflammatory,

anti-oxidative, and immunomodulatory effects. Current data

suggest that the direct anti-inflammatory benefits of red wine

mainly contribute to its polyphenol, resveratrol. However, other

polyphenol of red wine whether have effect on inflammatory

response are still uncertain. To investigate the cure effect of red

wine, further research could aim at the trial on animal models of

myocarditis. Furthermore, its toxicity and pharmacokinetics should

be also studied further.

Though there is still no document to illustrate the function of red

wine in myocarditis, we can draw the conclusion from upper

arguments that red wine can have some effects in the management

of myocarditis by inhibiting the activation of cytokines and

transcription factors.

REFERENCES

Arbabi S, Garcia I, Bauer GJ, Maier RV. 1999. Alcohol (ethanol) inhibits IL-8
and TNF: Role of the p38 pathway. J Immunol 162:7441–7445.
RED WINE MAY BE USED IN THE THERAPY OF MYOCARDITIS 809



Arend WP, Dayer JM. 1995. Inhibition of the production and effects of
interleukin-1 and tumor necrosis factor alpha in rheumatoid arthritis.
Arthritis Rheum 38:151–160.

Avellone G, Di Garbo V, Campisi D, De Simone R, Raneli G, Scaglione R,
Licata G. 2006. Effects of moderate Sicilian red wine consumption on
inflammatory biomarkers of atherosclerosis. Eur J Clin Nutr 60:41–47.

Azuma RW, Suzuki J, Ogawa M, Futamatsu H, Koga N, Onai Y, Kosuge H,
Isobe M. 2004. HMG-CoA reductase inhibitor attenuates experimental auto-
immune myocarditis through inhibition of T cell activation. Cardiovasc Res
64:412–420.

Blanco-Colio LM, Valderrama M, Alvarez-Sala LA, Bustos C, Ortego M,
Hernández-Presa MA, Cancelas P, Gómez-Gerique J, Millán J, Egido J.
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Rotilio D, de Gaetano G, Rubin E, Urbano-Márquez A. 2004. Different effects
of red wine and gin consumption on inflammatory biomarkers of athero-
sclerosis: A prospective randomized crossover trial. Effects of wine on
inflammatory markers. Atherosclerosis 175:117–123.

Feldman AM, McNamara D. 2000. Myocarditis. N Engl J Med 343:1388–1398.

Feng AN, Chen YL, Chen YT, Ding YZ, Lin SJ. 1999. Red wine inhibits
monocyte chemotactic protein-1 expression and modestly reduces neointi-
mal hyperplasia after balloon injury in cholesterol-Fed rabbits. Circulation
100:2254–2259.

Feng YH, Zou JP, Li XY. 2002. Effects of resveratrol and ethanol on
production of pro-inflammatory factors from endotoxin-activated murine
macrophages. Acta Pharmacol 23:1002–1006.

Grønbaek M, Becker U, Johansen D, Gottschau A, Schnohr P, Hein HO, Jensen
G, Sørensen TI. 2000. Type of alcohol consumed and mortality from all
causes, coronary heart disease, and cancer. Ann Intern Med 133:411–419.

Kang OH, Jang HJ, Chae HS, Oh YC, Choi JG, Lee YS, Kim JH, Kim YC, Sohn
DH, Park H, Kwon DY. 2009. Anti-inflammatory mechanisms of resveratrol
in activated HMC-1 cells: Pivotal roles of NF-kappaB and MAPK. Pharmacol
Res 59:330–337.

Karin M, Delhase M. 1998. JNK or IKK, AP-1 or NF-kappaB, which are the
targets for MEK kinase 1 action? Proc Natl Acad Sci USA 95:9067–9069.

Karin M, Liu Z, Zandi E. 1997. AP-1 function and regulation. Curr Opin Cell
Biol 9:240–246.

Kawai C. 1999. From myocarditis to cardiomyopathy: Mechanisms of
inflammation and cell death: Learning from the past for the future. Circula-
tion 99:1091–1100.
810 RED WINE MAY BE USED IN THE THERAPY OF MYOCARDITIS
Kong G, Kim EK, Kim WS, Lee KT, Lee YW, Lee JK, Paik SW, Rhee JC. 2002.
Role of cyclooxygenase-2 and inducible nitric oxide synthase in pancreatic
cancer. J Gastroenterol Hepatol 17:914–921.

Kundu JK, Surh YJ. 2004. Molecular basis of chemoprevention by resver-
atrol: NF-kappaB and AP-1 as potential targets. Mutat Res 555:65–80.

Magrone T, Jirillo E. 2010. Polyphenols from red wine are potent modulators
of innate and adaptive immune responsiveness. Proc Nutr Soc 69:279–
285.

Magrone T, Candore G, Caruso C, Jirillo E, Covelli V. 2008a. Polyphenols
from red wine modulate immune responsiveness: Biological and clinical
significance. Curr Pharm Des 14:2733–2748.

Magrone T, Tafaro A, Jirillo F, Amati L, Jirillo E, Covelli V. 2008b. Elicitation
of immune responsiveness against antigenic challenge in age-related dis-
eases: Effects of red wine polyphenols. Curr Pharm Des 14: 2749–2757.

Manna SK, Mukhopadhyay A, Aggarwal BB. 2000. Resveratrol suppresses
TNF-induced activation of nuclear transcription factors NF-kappa B, acti-
vator protein-1, and apoptosis: Potential role of reactive oxygen intermedi-
ates and lipid peroxidation. J Immunol 164:6509–6519.

Marfella R, Cacciapuoti F, Siniscalchi M, Sasso FC, Marchese F, Cinone F,
Musacchio E, Marfella MA, Ruggiero L, Chiorazzo G, Liberti D, Chiorazzo G,
Nicoletti GF, Saron C, D’Andrea F, Ammendola C, Verza M, Coppola L. 2006.
Effect of moderate red wine intake on cardiac prognosis after recent acute
myocardial infarction of subjects with Type 2 diabetes mellitus. Diabet Med
23:974–981.

Martinez J, Moreno J. 2000. Effect of resveratrol, a natural polyphenolic
compound, on reactive oxygen species and prostaglandin production. Bio-
chem Pharmacol 59:865–870.

Pervaiz S. 2003. Resveratrol: From grapevines to mammalian biology.
FASEB J 17:1975–1985.

Royer B, Varadaradjalou S, Saas P, Gabiot AC, Kantelip B, Féger F, Guillosson
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