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(2.03 x 10 4 /153.78 x 10 4 ) [START_REF] Pauschinger | Carvedilol improves left ventricular function in murine coxsackievirus-17 induced acute myocarditis association with reduced myocardial interleukin-1beta and 18 MMP-8 expression and a modulated immune response[END_REF] 2.00 (1.75/3.00) [22] 2.00 (1.50/2.50) [22] 39.37 x 10 5 (7.02 x 10 5 /394.70 x 10 5 ) [START_REF] Pauschinger | Carvedilol improves left ventricular function in murine coxsackievirus-17 induced acute myocarditis association with reduced myocardial interleukin-1beta and 18 MMP-8 expression and a modulated immune response[END_REF] IIa virus + NO-metoprolol 3. 19 (2.46/3.62) [START_REF] Thank | Veronika Güntzschel (both Institute of Virology and 7 Antiviral Therapy), and Monika Listing[END_REF] 4.09 x 10 4 ( 2.84 x 10 4 /6.83 x 10 4 ) [START_REF] Thank | Veronika Güntzschel (both Institute of Virology and 7 Antiviral Therapy), and Monika Listing[END_REF] 1. 75 (1.50/2.00) [17] 1.50 (1.00/1.75) [17] (dose 1 ) 15.22 x 10 5 (7.36 x 10 5 /21.60 x 10 5 ) [START_REF] Thank | Veronika Güntzschel (both Institute of Virology and 7 Antiviral Therapy), and Monika Listing[END_REF] IIIa virus + NO-metoprolol 3.00 (2.50/3.84) [9] 1.83 x 10 4 (0.87 x 10 4 /2.69 x 10 4 ) [9] 1.50 (1.00/2.00) [19] 1.25 (1.00/1.50) [19] (dose 2) 5.45 x 10 5 (3.54 x 10 5 / 8.13 x 10 5 ) [9]

IVa virus + metoprolol 3. 33 (2.64/4.67) [3] 1.87 x 10 4 (0.86 x 10 4 /4.14 x 10 4 ) [3] 1.50 (1.00/1.75) [19] 1.00 (0.50/1.50) [19] 6.07 x 10 5 (2.20 x 10 5 /26.79 x 10 5 ) [3] * all values represent medians (25%/75% percentiles)

[n], number of included samples (dose 1 ) 7.74 x 10 5 (7.18 x 10 5 /17.00 x 10 5 ) [5] IIIb virus + NO-metoprolol 3.67 (2.44/4.50) [7] 4.48 x 10 4 (0.80 x 10 4 /8.59 x 10 4 ) [7] 1.50 (1.00/2.50) [8] 1.50 (0.50/2.00) [8] (dose 2) 40.8 x 10 5 (6.52 x 10 5 / 120.00 x 10 5 ) [7] IVb virus + metoprolol 3.75 (3.23/5.20) [START_REF] Thank | Veronika Güntzschel (both Institute of Virology and 7 Antiviral Therapy), and Monika Listing[END_REF] 1.84 x 10 5 (0.51 x 10 5 /96.32 x 10 5 ) [START_REF] Thank | Veronika Güntzschel (both Institute of Virology and 7 Antiviral Therapy), and Monika Listing[END_REF] 1. 75 (1.75/3.00) [8] 1.75 (1.00/2.00) [8] 6.88 x 10 6 (2.40 x 10 6 /164.15 x 10 6 ) [START_REF] Thank | Veronika Güntzschel (both Institute of Virology and 7 Antiviral Therapy), and Monika Listing[END_REF] * all values represent medians (25%/75% percentiles)

F o r P e e r R e v i e w

[n], number of included samples The effect of NO-metoprolol, i.e. 3-nitrooxypivaloyl metoprolol-amide, a novel NO-releasing 2 derivative of the β1-blocking drug metoprolol was investigated in A.CA/SnJ mice infected 3 with coxsackievirus B3 (CVB3) and compared to metoprolol and placebo. Daily treatment of 4 mice with the respective drug started immediately (experiment A) or three days after virus 5 infection (experiment B) and was continued until day 13 post infection (p.i.). Two doses of 6 NO-metoprolol were administered. Body mass differences, viral load, and histopathological 7 signs of myocarditis were compared between the several groups. As a result, NO-metoprolol 8 diminished significantly the body weight loss, the viral load and the histopathology, whereas 9 metoprol treatment led solely to a significant attenuation of myocardial damage. In 10 experiment A, low dose NO-metoprolol decreased significantly enteroviral copy numbers. 11

F o r P e e r R e v i e w

Both doses of NO-metoprolol had a significant effect on reduction of myocardial infiltrates 12 and fibrosis. The data suggest that delayed drug administration might more advantageous. [START_REF] Klingel | The role of enterovirus replication in the development of acute 14 and chronic heart muscle disease in different immunocompetent mouse strains[END_REF] Both doses of NO-metoprolol reduced significantly the scores of four tested parameters 14 compared to placebo. Body weight loss, virus titers, plus-strand as well as minus-strand 15 enteroviral RNA levels, infiltration and fibrosis scores were diminished significantly when 16 NO-metoprolol was given 3 days p.i. In addition, a significant difference regarding the 17 enteroviral copy numbers was observed between low dose NO-metoprolol-and metoprolol-18 active inflammation [START_REF] Esfandiarei | Molecular Biology and Pathogenesis of Viral 30 Myocarditis[END_REF][START_REF] Glück | Persistent expression of 1 cytokines in the chronic stage of CVB3-induced myocarditis in NMRI mice[END_REF]. Several treatment 9 regimes were proposed that target steps in the pathway from myocarditis to cardiomyopathy. 10

These include the application of immunosuppressive agents such as azathioprine, 11 prednisolone, and cyclosporine as well as the administration of intravenous immunoglobulin 12 (IVIG) and antiviral agents like interferons or pleconaril. Furthermore, natural compounds 13 known in traditional medicine have been used for the treatment of myocarditis. However, the 14 efficacy of these therapeutic measures has not been well proven. Thus, current treatment 15 regimes for viral myocarditis are almost entirely supportive nature. Several investigators 16

proposed that patients with virus-induced dilated cardiomyopathy may benefit from agents 17 which are used commonly for the therapy of ischemic heart failure [Brunetti and DeSantis, 18 2008;[START_REF] Erdmann | The management of heart failure--an overview[END_REF][START_REF] Liu | Coxsackievirus-induced 23 myocarditis: new trends in treatment[END_REF][START_REF] Matsumori | Treatment options in myocarditis: what we know from experimental data 33 and how it translates to clinical trials[END_REF]. During the last decade the 19 application of beta-receptor antagonists (β-blockers) has become a mainstay in treatment of 20 chronic heart failure. The therapeutic effect of β-blockers for heart failure is attributed mainly 21 to the decrease of blood-pressure and heart rate as well as the decrease of cardiac output. 22 Several clinical trials on heart failure patients including different types of β-blockers clearly 23 demonstrated that mortality and the incidence of sudden cardiac death were reduced 24 significantly [START_REF] Hoffman | Beta blockers in therapy of chronic heart failure[END_REF][START_REF] Kveiborg | Carvedilol in the 20 treatment of chronic heart failure: lessons from the Carvedilol Or Metoprolol 21 European Trial[END_REF][START_REF] Tomcsanyi | Switching beta-blocker therapy 4 in chronic heart failure[END_REF]. 25 and chronic CVB3-disease in humans [START_REF] Merkle | Coxsackievirus B3-4 induced chronic myocarditis in outbred NMRI mice[END_REF]. It was demonstrated that the 2 histopathological alterations in heart tissues can be attributed to the virus itself and to 3 immunological reactions directed against CVB3 [START_REF] Gauntt | Coxsackievirus experimental heart diseases[END_REF]]. The therapeutic 4 potential of several β-adrenergic blockers has been investigated in the murine myocarditis 5 model [START_REF] Bestetti | Effects of 18 long term metoprolol administration on the electrocardiogram of rats infected with T 19 cruzi[END_REF][START_REF] Yuan | Cardioprotective 18 effects of carvedilol on acute autoimmune myocarditis: anti-inflammatory effects 19 associated with antioxidant property[END_REF]. The antiviral effect of nitric oxide (NO)-6 releasing compounds, the so-called NO donors, against CVB3 has also been investigated 7 [Badorff et al., 2000b;[START_REF] Finkel | Nitric oxide and viral cardiomyopathy[END_REF][START_REF] Lowenstein | Nitric oxide inhibits viral replication in murine myocarditis[END_REF]. The therapeutic effect of the 8 organic nitrates glycerol trinitrate (GTN) and isosorbide dinitrate (ISDN) was demonstrated in 9 NMRI mice infected with CVB3 [START_REF] Zell | Nitric oxide donors inhibit the coxsackievirus B3 proteinases 2A and 3C in 25 vitro, virus production in cells, and signs of myocarditis in virus-infected mice[END_REF]. NO is an important regulator of multiple 10 cardiovascular responses and is synthesized from L-arginine by calcium-dependent and 11 calcium-independent NO synthetases. NO exerts many of its physiological functions in a 12 cGMP-dependent fashion. Furthermore, it can act directly on proteins by the nitrosylation of 13 sulfhydryl groups. The inhibition of cysteine proteases such as caspase-3, HIV protease, and 14 the proteinases 2A and 3C of CVB3 by this mechanism was proposed previously [Badorff et 15 al., 2000a;Badorff et al., 2000b;[START_REF] Persichini | Cysteine nitrosylation inactivates the 20 HIV-1 protease[END_REF][START_REF] Rossig | Nitric oxide inhibits caspase-3 by S-nitrosation in vivo[END_REF]Saura et al., 16 1999]. Due to its antiviral potential, NO and several NO-releasing compounds were tested and 17

shown to be effective inhibitors of various DNA and RNA viruses [Lopez-Guerrero and 18 Carrasco, 1998; [START_REF] Lowenstein | Nitric oxide inhibits viral replication in murine myocarditis[END_REF][START_REF] Reiss | Does nitric oxide play a critical role in viral infections?[END_REF]]. 19 In animal models of viral myocarditis it cannot be excluded that effects of NO-donors are 20 partly non-specific since released NO may not act primarily at the heart but also at smooth 21 muscles. Therefore it is hypothesised that the effectivity of NO release in the diseased heart 22 may be increased by coupling the NO donor to drugs that target the heart in a more specific 23

manner. An organic nitrate group that is coupled covalently to a β-adrenergic receptor-24 blocking agent could fulfil this condition. In the present study, 3-nitrooxypivaloyl acid was 25 coupled to the β-1-selective adrenergic blocker metoprolol resulting in nitratopivalin- metoprolol-amide (NO-metoprolol). Although metoprolol is widely distributed in body 1 tissues, it is approximately 75-fold more selective for human β1compared to β2-receptors 2 [START_REF] Maack | Different intrinsic 30 activities of bucindolol, carvedilol and metoprolol in human failing myocardium[END_REF]]. Metoprolol has little or no β2 effect at doses less than 100 mg [Reiter, 3 2004]. The effect of NO-metoprolol was compared to metoprolol in A.CA mice infected with 4 CVB3 regarding body weight, viral load and histopathological changes in the myocardium. 

Virus and animal infection 24

The CVB3 Nancy strain (CVB3 Nancy-Mü/J) was kindly provided by Prof. Kandolf, 25 propagated four times in HeLa Ohio cells. Stocks of this myocarditic CVB3 variant (6.3 x 10 8 1 pfu/ml) were stored at -80°C until use. Adult 7-9 week-old male mice were inoculated 2 intraperitoneally (i.p.) with 2 x 10 4 pfu/ml in 0.5 ml saline. Control mice were similarly sham-3 infected with 0.5 ml saline. Non-responding mice were not involved in the evaluation. [START_REF] Badorff | a. 5 Enteroviral protease 2A directly cleaves dystrophin and is inhibited by a dystrophin-6 based substrate analogue[END_REF] 5

Drugs tested in animal experiments 6

Metoprolol (metoprolol succinate, Beloc-Zok  mite) was obtained by AstraZeneca GmbH 7 (Wedel, Germany) and dosed (0.67 mg/kg) as recommended. 8

NO-metoprolol (3-nitrooxypivaloyl metoprolol-amide, IUPAC-name: 3-[ {2-hydroxy-3-[4- 9
(2-methoxyethyl)phenoxy]propyl}(isopropyl)amino]-2,2-dimethyl-3-oxopropyl nitrate was 10 synthesized according to a procedure described for the preparation of NO-propranolol 11 [START_REF] Decker | Synthesis and vasorelaxant properties of 25 hybrid molecules out of NO-donors and the beta-receptor blocking drug propranolol[END_REF]]. 3-Nitrooxypivaloyl acid was prepared, the resulting acid was activated 12 by CDI (N,N'-carbonyldiimidazole) and reacted with the secondary amino-group of 13 metoprolol free base to yield the respective amide (NO-metoprolol, M = 412.5 g/mol). 14

Identity and purity of NO-metoprolol was proven by established spectroscopic methods ( 1 H-15 and 13 C-NMR and mass spectrometry) [START_REF] Decker | Synthesis and vasorelaxant properties of 25 hybrid molecules out of NO-donors and the beta-receptor blocking drug propranolol[END_REF]. Dose 1 (0.67 mg/kg) was 16 adjusted to the recommended human dose for metoprolol (AstraZeneca GmbH). For the 17 investigation of a dose-response relationship, the dose 2 (3.35 mg/kg) with fivefold higher 18 concentration was applicated. 19 The chemical structures of metoprolol and NO-metoprolol is given in Figure 1. Phosphate-20 buffered saline served as placebo. [START_REF] Prabhu | beta-adrenergic blockade in 22 developing heart failure: effects on myocardial inflammatory cytokines, nitric oxide, 23 and remodeling[END_REF] 22

Treatment protocol 23

In order to compare NO-metoprolol with metoprolol (β-blocker) as reference, mice infected 24 with CVB3 and sham-infected mice were treated once daily either with the drug or with the 25 placebo by oral gavage. Drug treatment started immediately (experiment A) or three days after infection (experiment B) until day 13. Symptoms and body weight of the mice were 1 scored daily. The mice were killed under ether narcosis at day 14 p.i. The heart, spleen, 2 pancreas, lung and liver were collected for evaluation of organ weight. A summary of the 3 study design is shown in Table I. [START_REF] Badorff | a. 5 Enteroviral protease 2A directly cleaves dystrophin and is inhibited by a dystrophin-6 based substrate analogue[END_REF] 5

Histopathological examination 6

Heart tissue was fixed in 4% formalin solution and mounted in paraffin. For histological 7 examinations, 6-µm sections were stained with hematoxylin/eosin (HE) and sirius red (SR). 8

At least three adjacent sections were examined microscopically for the presence of lesions. 9

For heart tissue, histological evidence of myocarditis and inflammation was classified in 10 terms of the degree of cellular infiltration and fibrosis and were scored on a scale of 0 to 4, as 11 The CVB3 titer in heart was determined by the tissue culture infectious dose 50 (TCID 50 ) 1 assay using HeLa cells according to [START_REF] Reed | A simple method for estimation fifty percent endpoints[END_REF]. The TCID 50 is defined as that 2 dilution of a virus required to infect 50% of a given batch of inoculated cell cultures. The 3 assay relies on the presence and detection of cytocidal virus particles, i.e., those capable of 4 causing cytopathic effect (CPE). Each organ specimen was homogenized in complete cell 5 culture medium that was adjusted to a final concentration of 2% tissue. After freezing and 6 thawing three times, the cell debris was removed by a centrifugation step at 12,000 x g for 5 7 min. 8 9

RNA extraction and cDNA synthesis 10

Total RNA was isolated from frozen heart sections by the acid guanidinium thiocyanate-11 phenol-chloroform method as described elsewhere [START_REF] Chomczynski | Single-step method of RNA isolation by acid guanidinium 23 thiocyanate-phenol-chloroform extraction[END_REF]. Strand-12 specific reverse transcription was conducted with 2.5 µg heart total RNA, 100 units M-MuLV 13 reverse transcriptase (RevertAid, Fermentas) and 0.5 µM of the sense primer EV3 (5'-14 CCCCGGACTGAGTATCAATA-3') for the synthesis of the negative strand or 0.5 µM of the 15 antisense primer EV4 (5'-CAGTTAGGATTAGCCGCATT-3') specific for CVB3-positive 16 strand synthesis. The procedure was performed according to the manufacturer's protocol. 17 polymerase activation (15 min at 95°C) followed by 40 cycles (denaturation: 15 s at 95°C, 2 annealing: 30 s at 60°C, elongation: 30 s at 72°C and 20 s at 82°C with automatic 3 fluorescence measurement at the F1 channel). Finally, a melting curve was determined by 4 continuous heating from 40 to 95°C, followed by cooling the sample to 40°C. For quantitative 5 evaluation of the samples, the threshold cycle (C T ) was determined automatically with the 6 second-derivative maximum method. The relation of C T to the known copy number allows the 7 quantitation of unknown samples by using the mean C T values of known plasmid dilutions as 8 internal control. The viral RNA copy numbers were related to mg heart tissue. 9 10

Statistical analysis 11

Results were calculated using the SPSS software package (Statistical Package for the Social 12 Sciences, version 15.0, SPSS Inc., Chicago, Ill., USA). Checking the data within an 13 explorative data analysis including test for normality provided evidence that only the data 14 concerning body mass difference are distributed normally. Values are expressed as the mean 15 ± standard deviation (SD). Then, an unpaired t test was used to test for significant differences 16 between the several study groups per day. Normally distributed data for the other parameters 17 (virus titers, viral RNA copy numbers, histopathological score) could be excluded. Therefore, 18 the median and the 25% and 75% percentiles are given for data description and the Mann-19 Whitney-U test was used for statistical comparisons between the several study groups. The 20 local level of significance was set at α = 0.05. 21 

NO-metoprolol treatment diminished the clinical signs of myocarditis 4

In a first step, the severity of the myocarditis symptoms in treated mice was compared to the 5 placebo-treated group. Typical symptoms of mice infected with CVB3 were an affected 6 habitus with restricted mobility, scrubby coat, hunchback, closed eyes and a distinct loss of 7 weight. These clinical signs were less pronounced in NO-metoprolol-treated but also in 8 metoprolol-treated mice compared to placebo treated mice (data not shown). 9

There were no differences of the organ weights in all evaluated infected animals, independent 10 of treatment (data not shown). 11

The courses of body mass differences of the study groups were similar, when drug treatment 12 started immediately (experiment A, data not shown) or three days (experiment B, Figure 2) 13 after infection with CVB3. 14 Two days after virus infection, all infected mice exhibited a reduction of weight. Virus-15 infected, placebo-treated mice had lost up to 5 g at day 7 p.i. The body mass difference of 16 NO-metoprolol-treated mice was on average 3 -4 g at this time and similar to the weight loss 17 of metoprolol-treated mice. Thereafter, all treated animals began to recover from disease and 18 gained weight again. The virus-infected, placebo-treated mice showed only a marginal 19 increase of body weight at day 10 p.i. Animals treated with NO-metoprolol-and metoprolol at 20 a dose of 0.67 mg/kg picked up. The body mass difference was still 2 -3 g at day 14 p.i. 21 compared to the initial weight. Considerable significant differences were calculated between 22 virus-infected, placebo-treated mice and virus-infected, NO-metoprolol treated mice (0.67 23 mg/kg) at days 4 until 14 p.i. Body mass differences were also significant between the two 24 groups of NO-metoprolol treated mice (IIb vs IIIb) at days 7 until 11 p.i., however the 25 F o r P e e r R e v i e w application of a fivefold higher dose of NO-metoprolol had no improved effect on the 1 prevention of body weight loss. Besides, there was no significant difference between NO-2 metoprolol treated animals and metoprolol treated animals. 3 4

Effects of NO-metoprolol treatment on viral load in heart-tissue samples 5

It was assumed that NO-metoprolol affects viral replication and the CVB3-induced 6 inflammation. In a previous study, maximum virus titers in the A.CA/SnJ murine myocarditis 7 model were measured at day 7 p.i. At day 14 p.i., the viral titers declined distinctly indicating 8 the end of the acute stage of disease [START_REF] Merkle | Coxsackievirus B3-4 induced chronic myocarditis in outbred NMRI mice[END_REF]]. As a consequence, infectious virus 9 was hardly detectable by TCID 50 assay in most of the investigated heart tissues. The virus 10 titers in the heart of NO-metoprolol-treated mice were reduced moderately compared to viral 11 titers of placebo-treated mice when treatment started immediately after virus infection (Table 12 II). More distinct reduction of virus titers was obtained when the treatment started 3 days after 13 virus infection (Table III). Statistical evaluation of experiment B provided significant 14 differences between dose I as well as dose II of NO-metoprolol-and placebo-treated mice 15 (Table IV). The control drug metoprolol did not show a significant reduction of the viral titers 16 in both experiments (Tables II, III, IV). 17 III), the viral RNA copies were significantly reduced in the myocardium of 22 both NO-metoprolol-treated groups (0.67 mg/kg and 3.35 mg/kg, respectively) compared to 23 placebo treated mice. In addition, significant differences arose between NO-metoprolol (0.67 24 mg/kg) and metoprolol treated mice in experiment B. In contrast, treatment with the β-blocker 25 metoprolol had no further significant effect on viral RNA reduction compared with each other II andIII show the data for the histological scores. 8

The virus-infected, placebo-treated mice had distinct cellular infiltrations and detectable 9 fibrosis in the hearts at day 14 p.i. (Figure 3 A4,B4). Both doses of NO-metoprolol led to a 10 significant reduction of infiltrates and fibrosis in the myocardium compared to placebo 11 treatment when the compound was administered immediately after virus infection (Tables II,12 IV; Figure 3 A2-3, B2-3). Likewise, metoprolol had a significant anti-inflammatory and 13 antifibrotic effect in comparison to placebo under these experimental conditions. In 14 experiment B, application of NO-metoprolol resulted in significantly reduced infiltrates and 15 fibrosis in groups IIb and IIIb compared to group Ib (Tables III, IV). Metoprolol-treated mice 16

showed an insignificantly decreased severity of disease compared to placebo-treated mice. 17 Histological analysis showed no cardiac lesions in the uninfected control mice (Figure 3 non-selective propranolol in mice infected with encephalomyocarditis virus (EMCV) lead to a 7 reduced severity of acute and chronic myocarditis as well as a reduced mortality [Wang et al., 8 2005]. In contrast, another non-selective β-blocker, cartelol, prevented only myocardial 9 lesions in the chronic stage of EMCV-induced myocarditis [START_REF] Tominaga | Beta-blocker treatment of 6 dilated cardiomyopathy. Beneficial effect of carteolol in mice[END_REF]. 10

Carvedilol, a third-generation, non-selective β-blocker, showed cardioprotective effects both 11 in viral induced and autoimmune myocarditis. Carvedilol improved the survival and 12 decreased the viral load of mice infected with EMCV by increasing the production of IL- 12 13 and IFN-γ whereas metoprolol had no effect in this model [START_REF] Nishio | Carvedilol increases the production of 12 interleukin-12 and interferon-gamma and improves the survival of mice infected with 13 the encephalomyocarditis virus[END_REF] characterized by sympathetic hyperactivity-induced heart failure led to comparable cardiac 1 remodelling and improvement of cardiac function and survival [START_REF] Bartholomeu | Intracellular 14 mechanisms of specific beta-adrenoceptor antagonists involved in improved cardiac 15 function and survival in a genetic model of heart failure[END_REF]. In 2 another study, denopamine, a selective β1-receptor agonist, prolonged the survival in EMCV-3 infected DBA/2 mice and suppressed the production of TNF-α in the heart [Nishio et al., 4 1998]. 5

It is difficult to compare directly results from clinical and experimental studies or from 6 different animal models. Although β-blockers are effective drugs in the treatment of heart 7 failure, β1-selective blockers alone caused less cardioprotection in viral induced myocarditis. 8

The following consideration led to the design of nitratopivalin-metoprolol-amide (NO-9 metoprolol): an approved heart-potent drug was sought with two properties, on the one hand 10 serving as a β1-selective adrenergic receptor agonist and on the other hand acting as an donor in situ. 12 The A.CA/SnJ mice used in this study represent a well-characterized murine model of 13 myocarditis. Upon infection with CVB3, these mice develop acute and chronic stages of 14 disease and are therefore suited for testing of potential therapeutic agents [Merkle et al., 15 1999]. 16 In the present study A.CA/SnJ mice infected with CVB3 were treated either with NO-17 metoprolol or metoprolol. So far, there is no published report on the effects of such a NO-18 releasing compound with simultaneous properties of a β1-selective adrenergic receptor 19 blocker activity in a murine myocarditis model. Two different doses were tested: 0.67 mg/kg 20 and the five-fold higher dose 3.35 mg/kg, applied immediately (experiment A) or 3 days p.i. 21 (experiment B), (Table I). The dose of 0.67 mg/kg was related to the recommended daily 22 allowance of metoprolol. There was no dose-response-relationship between both doses. The 23 application rate of 3.35 mg/kg was probably overdosed and showed no improvement 24 regarding the assayed parameters of myocardial damage. In experiment A, only the low dose 25 proinflammatory cytokines [START_REF] Prabhu | beta-adrenergic blockade in 22 developing heart failure: effects on myocardial inflammatory cytokines, nitric oxide, 23 and remodeling[END_REF]. Further experiments should estimate the 1 level of proinflammatory mediators after treatment with the respective drug. 2 Otherwise, the apparent superior cardioprotective effects of NO-metoprolol compared to 3 metoprolol might be to due to the action of nitric oxide. The role of NO in chronic heart 4 failure is complex. On the one hand, a lack of NO leads to endothelial dysfunction with its 5 detrimental consequences including impaired tissue perfusions, myocardial ischaemia, and 6 vascular remodelling. On the other hand, high concentrations of NO induced by cytokines 7 which have been observed in the failing myocardium may be responsible for the loss of 8 with vasodilators in the acute setting can improve both hemodynamics and symptoms 14 [START_REF] Hollenberg | Vasodilators in acute heart failure[END_REF][START_REF] Matter | Effect of NO 1 donors on LV diastolic function in patients with severe pressure-overload 2 hypertrophy[END_REF]. Synthetic compounds that release NO continuously 15 over a period of time under physiological conditions have been used for a long time in clinical 16 management of cardiovascular diseases. Another mechanism of a potential antiviral action of 17 NO via S-nitrosylation of the viral proteinases 2A pro and 3C pro of CVB3 was recently 18 proposed [START_REF] Saura | An antiviral mechanism of nitric oxide: inhibition of a viral protease[END_REF]Badorff et al. 2000b]. Our in vitro studies demonstrate that NO-19 metoprolol is not able to inhibit the coxsackieviral proteinases whereas the synthetic S-20 nitrosothiol SNAP which sponteaneously releases NO does (data not shown). Since the 21 cardioprotective effect of NO-metoprolol in vivo is evident, it may be assumed that NO 22 release is catalyzed by an unknown activity. Furthermore, it is unclear whether the 23 cardioprotective effect of this compound is mediated by a direct antiviral action of the 24 released NO, by immunmodulation or by a combination of both. 25 

22 Introduction 1 2

 221 treated mice. Treatment with metoprolol reduced insignificantly the viral load and body 19 weight loss (experiment A and B) but led to a significant reduction of myocardial 20 histopathology in experiment A. The results indicate that NO-metoprolol treatment has a 21 greater therapeutic benefit than metoprolol. Viral infections, particularly those caused by enteroviruses such as coxsackievirus B3 3 (CVB3), are involved frequently in acute myocarditis which may progress to dilated 4 cardiomyopathy. Acute myocarditis is an inflammatory disease of the myocardium and leads 5 to tissue damage, infiltrates of mononuclear cells and foci of necrotic myocytes. The disease 6 is marked by dilation of the ventricles resulting in heart failure. Histological signs are 7 extensive interstitial fibrosis, myocyte hypertrophy, and focal replacement fibrosis without 8

  coxsackievirus-B3 infection share many biological parameters with acute 1

5 6and methods 7 8 9

 589 MaterialsMice Congenic inbred A.CA/SnJ mice (H-2 f , male, > 7 weeks) were obtained from the 10 animal breeding facilities at the Laboratory Animal Center, Jena University Hospital, and 11 used throughout all the experiments. They were held in groups of four to five animals in cages 12 type II long. The experiments were performed under semi-barriere and room conditions 13 characterized by 12 complete air changes per hour (negative air pressure in the rooms), 14 temperature of 22 ± 2°C, relative humidity of 55% ± 10%, and a 12-hour light/dark cycle. All 15 mice had access to water and laboratory mouse chow ad libitum. The body weights of all 16 mice were determined daily. Mice were sacrificed at day 14 after infection and blood and 17 organs such as heart, pancreas, spleen, liver and lung of each animal were collected and 18 weighed. The investigation conforms with the Guide for the Care and Use of Laboratory 19 Animals published by the US National Institutes of Health (NIH Publication No. 85-23, 20 revised 1996). All animal procedures were approved officially by the local committee for 21 animal experiments (permission number 02-007/06). 22 23

  follows. Score 0 indicates no lesions. Score 1 (slight) describes rare groups of mononuclear 12 cells displacing myocytes (HE) and marginal accumulation of connective tissue (SR), 13 respectively. Score 2 (mild) means larger and more frequent mononuclear cell aggregates 14 without confluence between adjacent foci (HE) and distinct rise of connective tissue in 15 reticular areas concerning about one third of the section (SR). Score 3 (medium) describes 16 larger and more frequent mononuclear cell infiltrates with confluent foci present, several large 17 lesions, and areas of myocyte disappearance replaced by dense stellate scars with tendril-like 18 extensions into surrounding myocardium (HE). More than half of the section red stained areas 19 indicating remodelling of heart muscle areas by integration of connective tissue (SR). Score 4 20 (severe) represents many large foci of inflammatory cells, multiple large lesions (HE), 21 accentuated and heavily collagenized focal scars, thickening of unscarred reticulum fibers and 22 strong fibrosis (SR) of the whole septum of the ventricle. For a gradual fine differentiation, 23 quarter steps between the particular gradates were considered if necessary. 24 25

18

  Quantitative real-time PCR 19The quantitative real-time PCR was performed on the LightCycler 1.5 instrument using 20 QuantiTect SYBR  Green PCR kit (Qiagen, Hilden). PCR reaction was conducted in a total 21 volume of 20 µl containing 18 µl of PCR mixture [10 µl QuantiTect SYBR  GreenPCR 22 Mastermix; 1 µl primer EV3 and 1 µl primer EV4 (final concentration: 0.5 µM each); 6 µl 23 RNase-free H 2 O] and 2 µl template cDNA. Eighteen microliters of reaction mixture 24 supplemented with 2 µl of water served as negative control in each experiment. Dilutions 25 containing 10 4 -10 6 copies of the respective plasmid standard (pCVB3-M2-MXES) were used template DNA. Cycle conditions were as follows: each run consisted of Hot-Star Taq 1

  Strand-specific detection of viral RNA was performed by quantitative real-time PCR. Plus-18 strand as well as minus-strand enteroviral RNA of treated animals was reduced in comparison 19 to untreated animals in experiment A, but only the dose 2 of NO-metoprolol decreased the 20 viral copy numbers significantly (TablesII, IV). When treatment started 3 days after virus 21 infection (Table

3 4

 3 in experiment A nor in experiment B. In the myocardium of sham-1 infected, placebo-treated control mice no viral titers and no viral RNA copies were detectable 2 (data not shown).Influence of NO-metoprolol treatment on the development of histopathological signs of 5 myocarditis 6HE-and sirius red stained myocardial tissue samples were evaluated for histopathological 7 signs of myocarditis. Tables

  an inflammatory disease with myocardial and endothelial damage 22 in the acute and subacute stages whereas the chronic phase is characterized mainly by gradual 23 myocyte loss, myocardial fibrosis and progression to dilated cardiomyopathy. The underlying 24 pathogenetic mechanisms were characterised using several murine models[START_REF] Huber | Coxsackievirus-induced myocarditis is dependent on distinct 11 immunopathogenic responses in different strains of mice[END_REF] 25 Although supportive therapy is the first line of treatment for patients with inflammatory 1 myocarditis, only limited success was reported for this regime. Several experimental studies 2 with β-adrenoreceptor inhibitors and agonists revealed different effects in acute inflammatory 3 myocardial disease which were attributed to differences in the various mouse and virus strains 4 or the administered β-blockers [Pauschinger et al., 2005; Tominaga et al., 1991; Tschöpe et 5 al., 2004; Wang et al., 2005; Yue-Chun et al., 2008]. For example, the administration of β-6

  . Improvement 14 of cardiac index and left ventricular systolic function by carvedilol was further demonstrated 15 in mice infected with CVB3 [Tschöpe et al., 2004]. The reduced expression of 16 proinflammatory cytokines and matrix metalloproteinases (MMPs) as well as the up-17 regulation of anti-inflammatory cytokines and reduction of myocardial lesions by carvedilol 18 were evidenced in Balb/c mice infected with CVB3 [Pauschinger et al., 2005; Yue-Chun et 19 al., 2008]. Another study reported by Zhan et al. used a knock-in mouse model for inherited 20 dilated cardiomyopathy to compare changes in cardiac structure and functional effects of 21 three different β-blockers-atenolol, carvedilol, and metoprolol-at doses optimized to achieve 22 comparable resting heart rates. Survival, remodelling, fibrosis, and left ventricular systolic 23 function were improved by metoprolol administration but not by carvedilol or atenolol [Zhan 24 et al., 2009]. Carvedilol and metoprolol employed at equivalent doses in a genetic model 25

  metoprolol decreased significantly enteroviral copy numbers. Both doses of NO-1 metoprolol as well as metoprolol had a significant effect on reduction of myocardial infiltrates 2 and fibrosis (Tables II, IV). Treatment with metoprolol reduced insignificantly the viral load 3 and body weight loss (experiment A and B). The present findings demonstrate that NO-4 metoprolol markedly reduced the severity of acute myocarditis when given three days after 5 infection. Both doses of NO-metoprolol reduced significantly the values of the four tested 6 parameters compared to placebo. Body weight loss, virus titers, plus-strand as well as minus-7 strand enteroviral RNA level, infiltration and fibrosis scores were diminished significantly, 8 when NO-metoprolol was applicated 3 days p.i. Additionally, a significant difference 9 concerning the enteroviral copy numbers was assessed between low dose NO-metoprolol-and 10 metoprolol-treated mice (Tables III, IV). Comparison of experiments A and B (different time 11 schedule for drug application) suggests some advantage of the delayed drug administration 12 which is a more realistic scenario with respect to the treatment of human heart failure. The 13 reason for the different outcome of immediate and delayed drug application are not clear. One 14 explanation could be that the innate immunity is fully activated when therapeutic intervention 15 started at day 3 p.i.[START_REF] Huang | Role of the innate immune system in 9 acute viral myocarditis[END_REF]. At that time, CVB3 has infected the heart and caused 16 myocarditis. Although experiment A shows a significant reduction of viral RNA copy number 17 by high dose NO-metoprolol treatment, the overall antiviral effect was more pronounced in 18 experiment B (compare Tables II, III, IV). The former observation might be explained by S-19 nitrosylation of viral proteinases[Badorff et al. 2000b] when NO-metoprolol is given in a 20 dosage that exceeds the recommendation of the control drug metoprolol. In experiment A, 21 metoprolol induced a significant reduction of histopatological scores. This is in line with 22 recent studies which showed that adrenergic activation contributes to increased myocardial 23 expression of TNF-α and IL1β during heart failure development. One mechanism underlying 24 the beneficial effects of β-adrenergic blockade may involve attenuation of these 25

  myocytes and might inhibit their contractility [Anker and von Haehling, 2004; Fleming and 9 Busse, 1999; Jugdutt, 2002; Moncada and Higgs, 1993]. Meanwhile, stable NO donors with 10 potential biological and therapeutic value are in clinical use [Herman and Moncada, 2005; 11 Yamamoto and Bing; 2000]. Vasodilators are useful for treating heart failure due to their 12 balanced venous and arterial vasorelaxant effects. In patients with acute heart failure, therapy 13
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Table I : Study groups

 I 

				Drug treatment	Dosage	Number
	Experiment Group	Experimental design	(days p.i.)	(mg/kg)	of animals
	A	I a	virus-infected + placebo-treated	0 -13	-	n=22
		II a	virus-infected + NO-metoprolol-treated, dose 1	0 -13	0.67	n=18
		III a	virus-infected + NO-metoprolol-treated, dose 2	0 -13	3.35	n=20
		IV a	virus-infected + metoprolol-treated	0 -13	0.67	n=19
		V a	sham-infected + placebo-treated	0 -13	-	n=5
		VI a	sham-infected + NO-metoprolol-treated, dose 1	0 -13	0.67	n=5
		VII a	sham-infected + metoprolol-treated	0 -13	0.67	n=5

Table II : Effects of NO-metoprolol and metoprolol on myocardial virus titers, viral RNA and histopathology (experiment A)

 II 

	Experimental Group	Virus titers*	Viral RNA*	Histopathology score*
			lg TCID 50 /mg tissue	copy numbers/mg tissue
				(-)-strand	infiltration	fibrosis
				(+)-strand
	Ia	virus + placebo	3.50 (3.00/4.53) [14]	8.83 x 10

Table III : Effects of NO-metoprolol and metoprolol on myocardial virus titers, viral RNA and histopathology (experiment B)

 III 

	Experimental Group	Virus titers*	Viral RNA*	Histopathology score*
			lg TCID 50 /mg tissue	copy numbers/mg tissue	
				(-)-strand	infiltration	fibrosis
				(+)-strand	
	Ib	virus + placebo	5.00 (4.22/6.83) [5]	21.00 x 10 5 (3.59 x 10 5 /114.00 x 10 5 ) [5] 3.00 (2.00/3.50) [7] 2.75 (1.75/3.00) [7]
				20.90 x 10 7 (3.35 x 10 7 /25.45 x 10 7 ) [5]	
	IIb	virus + NO-metoprolol	3.33 (3.33/3.75) [5]	8.16 x 10 3 ( 4.14 x 10 3 /21.95 x 10 3 ) [5]	1.50 (1.50/1.75) [8] 1.50 (1.00/1.75) [8]

Table IV : p-Values

 IV 

	Comparison of experimental groups Abstract 1	Virus titers Viral RNA (-) strand	(+) strand	Histopathology infiltration fibrosis
	Ia	vs.	IIa	p = 0.214	p = 0.397	p = 0.397	p = 0.011	p = 0.012
	Ia	vs.	IIIa	p = 0.153	p = 0.028	p = 0.028	p = 0.001	p = 0.003
	Ia	vs.	IVa	p = 0.843	p = 0.197	p = 0.156	p = 0.001	p = 0.001
	IIa	vs.	IIIa	p = 0.886	p = 0.113	p = 0.145	p = 0.510	p = 0.744
	IIa	vs.	IVa	p = 0.429	p = 0.381	p = 0.714	p = 0.378	p = 0.344
	IIIa	vs.	IVa	p = 0.564	p = 0.864	p = 1.000	p = 0.890	p = 0.545
	Ib	vs.	IIb	p = 0.016	p = 0.008	p = 0.008	p = 0.012	p = 0.011
	Ib	vs.	IIIb	p = 0.048	p = 0.018	p = 0.010	p = 0.033	p = 0.026
	Ib	vs.	IVb	p = 0.177	p = 0.177	p = 0.126	p = 0.191	p = 0.088
	IIb	vs.	IIIb	p = 0.878	p = 0.106	p = 0.755	p = 0.759	p = 1.000
	IIb	vs.	IVb	p = 0.327	p = 0.009	p = 0.017	p = 0.072	p = 0.372
	IIIb	vs.	IVb	p = 0.559	p = 0.138	p =.0.445	p = 0.260	p = 0.410
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