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Abstract 

Background. Recent evidence suggests that erythromycin (EM), a major macrolide 

antibiotic, has many biological functions in addition to the anti-bacterial actions, 

including anti-inflammatory and free radical scavenging actions. However, the effects 

of the drug upon inflammatory myocardial diseases are unknown. We tested the 

hypothesis that EM ameliorates experimental autoimmune myocarditis in rats 

attributing to the suppression of superoxide production. Methods. We administered 

EM, 3.3mg/kg/day and 33mg/kg/day, intraperitoneally for 3 weeks, to rats with 

experimental autoimmune myocarditis (EAM) produced by immunization by porcine 

myosin. Results. EM treatment reduced the severity of myocarditis compared with the 

untreated group in a dose-dependent manner by comparing the heart weight/body 

weight ratio, pathologic scores, and myocardial macrophage, CD4
+
, and CD8

+
 

infiltrations. Echocardiographic study showed that increased left ventricular posterior 

wall thickness produced by myocardial inflammation was reduced by EM treatment. 

Myocardial superoxide production, determined by dihydroethidium staining, was 

significantly reduced by the treatment. Western blotting showed that the expression of 

myocardial interleukin-1 was reduced by EM treatment compared with untreated 

groups. The in vivo dorsal air pouch model showed that EM significantly suppressed 

leukocyte chemotaxis in a dose-dependent manner. Conclusion. Irrespective of a 

well-known classic antibiotic, EM attenuated EAM not only by the anti-inflammatory 

action but by the suppression of superoxide production.  

 

Keywords: autoimmune myocarditis; erythromycin; 14- member ring macrolides;  

          superoxide production 
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1. Introduction 

 In humans, acute myocarditis is a potentially lethal disease, and frequently 

precedes the development of dilated cardiomyopathy (DCM). In general, two major 

mechanisms to explain how myocarditis develops into DCM have been proposed; one is 

a persistent antigen existence, and the other is a progressive autoimmune myocardial 

injury 
(1)

. The autoimmune giant cell myocarditis in rats, i.e., experimental autoimmune 

myocarditis (EAM), mimics human fulminant myocarditis in the acute phase
 (2)

. 

 Erythromycin (EM) is known as a classic 14-member ring macrolide and a potent 

antibiotic for the treatment of various microbial infections
 (3)

. Recently, macrolides, 

including EM, have been reported to have multiple biologic effects, such as alteration of 

inflammatory and free radical actions
 (4-6)

. It was demonstrated that free radicals play an 

important role in the development of heart failure in this animal model 
(7)

. However, the 

effects of EM upon inflammatory myocardial diseases are still unknown. 

 The purpose of the present study was to examine the effects of EM upon an EAM 

model, focusing on its inhibitory effects on the production of inflammatory cytokines 

and free radicals. 

2. Materials and Methods 

2.1. Immunization  

 EAM was induced in Lewis rats by immunization with porcine cardiac myosin as 

previously described 
(8-10)

. Porcine cardiac myosin (Sigma) was injected subcutaneously 

in the foot pads with 0.1 ml of myosin (10 mg/ml) mixed with an equal volume of 

Freund's complete adjuvant (FCA) supplemented with Mycobacterium tuberculosis 
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H37Ra (Difco) on days 1 and 8. Control rats were immunized with FCA alone. The 

animals were daily observed up to the end of the experiment on day 21. The day of 

injection was designated day 1.  

 Rats surviving 21 days after myosin or FCA immunization were used for the 

cardiac function study, and thereafter were sacrificed. 

2.2 Medication 

 Rats with EAM were divided into three groups and treated intraperitoneally with 

phosphate buffered saline (PBS) (untreated group, n=15) and EM (3.3mg/kg/day, n=15 

and 33mg/kg/day, n=10) for three weeks (immunized protocol). These doses were 

chosen because of the previous studies 
(4-6)

. In parallel with the protocol, additional 

control groups (unimmunized protocol) were age-matched unimmunized rats treated for 

21 days with PBS (untreated group, n=5) and EM (3.3mg/kg/day, n=5 and 33mg/kg/day, 

n=5). All the mice were sacrificed three weeks thereafter. Organ weights were 

determined. Organs including the skins at dorsal air pouch were processed for the 

pathologic study. The animals were sacrificed under the light ether anesthesia at the end 

of experiments. 

 We performed animal experiments in accordance with the Guide for the Care and 

Use of Laboratory Animals published by the US National Institutes of Health (NIH 

Publication No.85-23, revised 1996), and these were approved by the institutional ethics 

committee for animal experiments of Kyoto University. 

2.3. Histopathology 

 At sacrifice, macroscopic findings were performed. Microscopic findings for 
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myocardial necrosis and cellular infiltration were graded on a scale of 0 to +5, as 

previously described
 (8-10)

. That is, myocardial sections were graded by two of the 

authors (K.S., C.K.) who had no knowledge of the respective treatment groups on a 

scale of 1+ (mild) to 5+ (very severe) for the severity
 (8-10)

. After macroscopic 

examination, a part of the ventricles was embedded in OCT for immunohistochemistry. 

2.4. Immunohistochemical staining 

 We used an immunoperoxidase technique to perform immunohistochemistry for 

cell surface markers, as previously described
 (8-10)

. In brief, anti-macrophage (anti-M, 

ED1, 1:400, PharMingen), anti-CD4 (GK1.5, 1:50, PharMingen), and anti-CD8 (53-6.7, 

1:50, PharMingen) antibodies were applied to acetone-fixed cryosections. After being 

washed, the sections were then exposed to a second antibody (horseradish 

peroxidase-conjugated antibodies), and the antibody was visualized with 

diaminobenzidine. Sections were counterstained with 1% methyl green. The 

positive-staining cells of heart tissue were counted blindly by two observers in six fields 

at  400 magnification (within a 1-mm
2
 grid), and the total positive-staining cells of the 

six fields were recorded as the number of infiltrating cells in the lesions. The percentage 

of stained cell was then calculated for each antibody staining section 
(8,11)

.  

2.5. In situ detection of superoxide production in hearts 

 To evaluate in situ superoxide production from hearts, unfixed frozen cross 

sections of the specimens were stained with dihydroethidium (DHE; Molecular Probe, 

OR) according to the previously validated method 
(11-14)

. In the presence of superoxide, 

DHE is converted to the fluorescent molecule ethidium, which can then label nuclei by 
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intercalating with DNA. Briefly, the unfixed frozen tissues were cut into 10-m thick 

sections, and incubated with 10 M DHE at 37 C for 30 min in a light-protected 

humidified chamber. The images were obtained with a laser scanning confocal 

microscope. Superoxide production was demonstrated by red fluorescence labeling. 

 For quantification of ethidium fluorescence from hearts, fluorescence (intensity x 

area) was measured in five randomly selected fields using the high-power image 

monitor. 

2.6. Western blotting 

 Western blot analysis for interleukin-1 (IL-1) was performed as described 

previously 
(7,9,10)

. The myocardial lysates were electrophoresed using sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and were sequentially 

electrophoretically transferred to a membrane (Millipore). The membrane was 

incubated with an anti-IL-1 antibody (Serotec) and then with a peroxidase-linked 

secondary antibody (Amersham). The glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) samples were probed in the blots as internal controls for loading. Resulting 

bands were quantified as optical density band area by the image analysis system. 

2.7. Echocardiographic and hemodynamic studies 

 Echocardiography was performed on day 21 post-myosin injection for the 

subpopulation of control (immunized and unimmunized) and EM (33mg/kg/day, 

immunized and unimmunized) groups. Rats were anesthetized with an intraperitoneal 

injection of 0.040 to 0.060 mg/mg sodium pentobarbital. A 12 MHz probe was placed at 

the left 4th intercostal space for M-mode imaging using 2D echocardiography (Sonos 
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5500, Philips). Left ventricular (LV) end-diastolic dimension (LVDd), left ventricular 

end-systolic dimension (LVDs), interventricular septum (IVS) thickness, and posterior 

wall (PW) thickness were measured, as an average of three beats. Ejection fraction (EF) 

of the left ventricle was calculated
 (10, 11)

.
 

2.8. Chemotaxis in vivo 

 A dorsal air pouch was created as previously described
(15)

. Briefly, rats were 

injected on the back subcutaneously with 4 ml of air under the anesthesia of sodium 

pentobarbital on day 10. PBS (0.3ml) was injected into the air pouch. Air pouch was 

maintained up to day 20. The air pouch was flushed quantitatively with PBS, and four 

hours later, the volume recovered was measured. The number of cells was determined 

with a hemocytometer. The exudating cell numbers into the air pouch on day 20 were 

calculated. The cutaneous tissues at the dorsal air pouch were pathologically examined. 

2.9. Statistical analysis 

 All values were expressed as meansstandard deviation (SD). One way analysis 

of variance (ANOVA), following by Fisher protected least significant difference test, 

was performed. A value of P<0.05 was considered statistically significant. 

3. Results 

3.1. General clinical findings 

 No rats died in all groups during three weeks of the study.  

3.2. Histopathology and organ weights in rats with acute EAM (Tables 1, 2) 

 Extensive injuries to myocytes with inflammatory changes and multinucleated 

giant cells associated with ED1 (macrophage) expression were observed (Figure 1). 
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Treatment with EM 33mg/kg/day, but not with EM 3.3mg/kg/day, reduced the severity 

of the disease (Figure 1), as assessed by measuring heart weight/body weight (HW/BW) 

and microscopic scores.  

The percentages of ED1
+
(macrophage-positive), CD4

+
, and CD8

+ 
T cells 

recruited into the lesions were significantly reduced by the treatment of EM (Figure 1). 

No positive cells were found in the unimmunized groups. 

The dorsal subcutaneous tissue was swollen by the production of air pouch 

compared with the normal tissue. However, the treatment of EM clearly suppressed the 

thickness of the subcutaneous tissue swelling compared with that of untreated mice 

(Figure 2). 

3.3. In situ superoxide production (Table 2) 

 Ethidium fluorescence was detected from the myocardial lesions, and EM 

treatment significantly reduced the intensity of the staining (Figure 1). That is, by the 

treatment of EM, superoxide production was significantly decreased compared with the 

control. 

3.4. Effects of EM on IL-1 expression  

 As shown in Figure 3, inhibitory effect of EM against the expression of 

myocardial IL-1 was demonstrated by the Western blotting. 

3.5. Cardiac function (Table 3, Figure 4) 

 After 3 weeks post-myosin injection, EF tended to slightly decrease in rats with 

myocarditis compared with those of control rats. EM administration did not change 

cardiac function significantly; i.e., the treatment did not produce an increase in EF or a 
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decrease in LVDd compared with the untreated group. Namely, the significant 

improvement of cardiac function compared with the untreated rats was not observed in 

the rats treated with EM. However, EM treatment suppressed the increase of LVPW 

thickness compared with the untreated groups. The increased LVPW at this stage is 

considered to be due to interstitial edema caused by severe myocardial injury.
(10,11)

 

3.6. Effects of EM on chemotaxis (Table 2) 

 The number of leukocytes exudated in the air pouch on day 20 was suppressed by 

EM administration in a dose-dependent manner. 

4. Discussion 

 EM is a classic and potent antibiotic with a 14-member ring macrolide for the 

treatment of various microbial infections, and has multiple biologic effects 
(3-6)

. In this 

report, we have demonstrated for the first time that EM inhibited expression of various 

inflammatory cells in the myocardium and suppressed EAM in rats associated with 

decreased superoxide production. 

 Several studies have described the participation of cytokine overproduction in the 

pathogenesis of heart failure
 (16-18)

. Recent reports indicated that myocardial injury was 

produced by inflammatory cytokines, and that lipid peroxidation was caused by them, 

resulting in cell membrane damage in heart failure
 (19)

. Several studies have definitely 

established the key role of the Th1 cytokine system in the pathogenesis of heart failure 

by demonstrating that agents that inhibit the generation of Th1 cytokine confer 

cardiovascular benefit
 (20, 21)

. 

 In the present study, the immunohistochemical study showed that the numbers of 
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macrophages, CD4
+ 

and CD8
+ 

T cells were markedly reduced by EM treatment. 

Accordingly, it may be that the main beneficial effects of EM upon EAM may be partly 

due to the suppression of inflammatory events in the myocardium. Indeed it was 

confirmed in the current study that EM administration suppressed the myocardial 

expression of IL-1. The molecular mechanisms of EM for the suppression of 

inflammatory cytokines are not fully understood. However, the inhibition of signal 

transduction pathways, such as NF-B pathway, which is particularly important in the 

regulation of cytokines, has been postulated
 (22-24)

. 

 Next, EM suppressed the generation of free radicals in rats with myocarditis. As a 

result, it may be that EM treatment protected against superoxide-mediated oxidative 

damage in vivo. It was demonstrated that free radicals play an important role in the 

development of heart failure in this animal model 
(7, 11)

. Accordingly, EM treatment may 

act for reducing superoxide production, resulting in less severe myocardial damage in 

rats with myocarditis.  

 Whether EM directly affects the host immune status or not is unknown, it was 

demonstrated, however, in the air pouch study that the numbers of inflammatory cells in 

rats immunized with myosin treated with EM was reduced compared with those 

immunized with myosin and treated with PBS. Furthermore, EM treatment suppressed 

the subcutaneous tissue swelling at air pouch sites, indicating the indirect evidence of 

anti-chemotoxitic activity of the drug. Accordingly, the overall effects of the drug could 

induce the suppression of autoimmune myocarditis associated with the reduction of 

chemotaxis activity.  
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 It was already reported that clarithromycin, another new 14-member ring 

macrolide, has the potential to suppress cardiac rejection by the suppression of matrix 

metalloproteinase in a murine cardiac transplantation model 
(23)

. Recently, it has been 

reported that tetracycline and its derivatives demonstrate the suppressive activity of 

matrix metalloproteinase in a rabbit model of atherosclerosis 
(25)

. In addition, 

tetracyclines also inhibit production of inflammatory cytokines and free radicals, and 

have been used effectively in acute lung injury and chronic inflammatory diseases 
(26, 27)

. 

Most recently, Hishikari et al. 
(28)

 reported the beneficial effects of early treatment of 

clarithromycin upon EAM; they showed that early clarithromycin treatment is effective 

to attenuate myocarditis by suppressing matrix metalloproteinase-9 activity. 

 The lack of the improvement of cardiac function may be due at least in part to the 

characteristic of this model, i.e., the inflammatory process continues until 3 weeks and 

thereafter decreases and then ventricular remodeling begins; the interventricular septal 

and LV posterior wall thickening might be due to the inflammatory changes of the 

myocardium during the acute stage of EAM. As a result, EM exhibited the 

antihypertrophic effect against increased LV mass alone.  

 EM itself is a classic antibiotic agent. From our data, however, EM treatment 

might be promising as a new therapy for heart failure, particularly for ventricular 

remodeling where ongoing autoimmune process may play a role in the disease 

development. In conclusion, EM ameliorates EAM in rats. The cardioprotection of EM 

may be due to the suppression of not only inflammation but superoxide production. 

 



                                                      Hirano, et al. 12 

Acknowledgements 

Supported in part by research grants from All Japan Coffee Association, the Japanese 

Ministry of Education, Science, and Culture (18590772 and 23591040), The Univers 

Foundation, and The Shimizu Foundation for the Promotion of Immunology Research. 

Conflict of interest: none declared. 



                                                      Hirano, et al. 13 

References 

1. Kawai C. From myocarditis to cardiomyopathy. Mechanisms of inflammation and 

cell death. Learning from the past for the future. Circulation 1999; 99:1091-1100. 

2. Kodama M, Matsumoto Y, Fujiwara M, Masani F, Izumi T, Shibata A. A novel 

experimental model of giant cell myocarditis induced in rats by immunization with 

cardiac myosin fraction. Clin Immunol Immunopathol 1990; 57:250-262. 

3. Lin CC, Liaw SF, Wu KM, Lin CH. Effect of erythromycin on bronchial 

hyperreactivity and inflammation in ovalbumin-sensitized brown Norway rats. 

Respir Physiol Neurobiol 2008; 161:267-272. 

4. Shinkai M, Foster GH, Rubin BK. Macrolide antibiotics modulate ERK 

phosphorylation and IL-8 and GM-CSF production by human bronchial epithelial 

cells. Am J Physiol 2006; 290: L75-85. 

5. Paju S, Pussinen PJ, Sinisalo J, et al. Clarithromycin reduces recurrent cardiovascular 

events in subjects without periodontitis. Atherosclerosis 2006; 188: 412-419. 

6. Morikawa K, Oseko F, Morikawa S, Iwamoto K. Immunomodulatory effects of three 

macrolides, midecamycin acetate, josamycin, and clarithromycin, on human 

T-lymphocyte function in vitro. Antimicrob Agents Chemother. 1994; 38:2643-2647. 

7. Yuan Z, Nimata M, Okabe TA, et al. Olmesartan, a novel AT1 antagonist, suppresses 

cytotoxic myocardial injury in autoimmune heart failure. Am J Physiol 2005; 289: 

H1147-1152. 

8. Shioji K, Kishimoto C, Sasayama S. Fc receptor-mediated inhibitory effect of 

immunoglobulin therapy on autoimmune giant cell myocarditis. Concomitant 



                                                      Hirano, et al. 14 

suppression of the expression of dendritic cells. Circ Res 2001; 89:540-546. 

9. Yuan Z, Kishimoto C, Shioji K. Beneficial effects of low dose benedipine in acute 

autoimmune myocarditis. Suppressive effects on inflammatory cytokines and 

inducible nitric oxide synthase. Circ J 2003; 67:545-550. 

10. Yuan Z, Shioji K, Kihara Y, Takenaka H, Onozawa Y, Kishimoto C. 

Cardioprotective effects of carvedilol on acute autoimmune myocarditis. 

Anti-inflammatory effects associated with antioxidant property. Am J Physiol 2004; 

286: H83-90. 

11. Shimada K, Okabe TA, Mikami Y, Hattori M, Fujita M, Kishimoto C. Therapy with 

granulocyte colony-stimulating factor in the chronic stage, but not in the acute stage, 

improves experimental autoimmune myocarditis in rats via nitric oxide. J Moll Cell 

Cardiol 2010; 49: 469-481. 

12. Shimada K, Murayama T, Yokode M, et al. N-acetylcysteine reduces the severity of 

atherosclerosis in apolipoprotein E-deficient mice by reducing superoxide production. 

Circ J 2009; 73: 1337-1341. 

13. Shimada K, Murayama T, Yokode M, Kita T, Fujita M, Kishimoto C. Olmesartan, a 

novel angiotensin II type 1 receptor antagonist, reduces severity of atherosclerosis in 

apolipoprotein E deficient mice associated with reducing superoxide production. 

Nutr Metab Cardiovasc Dis 2010; 21: 672-678. 

14. Shimada K, Mikami Y, Murayama T, et al. Atherosclerotic plaques induced by 

marble-burying behavior are stabilized by exercise training in experimental 

atherosclerosis. Int J Cardiol 2010; 151: 284-289. 



                                                      Hirano, et al. 15 

15. Liu W, Nakamura H, Shioji K, et al. Thioredoxin-1 ameliorates myosin-induced 

autoimmune myocarditis by suppressing chemokine expressions and leukocyte 

chemotaxis in mice. Circulation 2004; 110:1276-1283. 

16. Kishimoto C, Takada H, Kawamata H, Umatake M, Ochiai H. Immunoglobulin 

treatment prevents congestive heart failure in murine encephalomyocarditis viral 

myocarditis associated with reduction of inflammatory cytokines. J Pharmacol Exp 

Ther 2001; 299: 645-651. 

17. Kubota T, McTiernan CF, Frye CS, Demetris AJ, Feldman AM. Cardiac-specific 

overexpression of tumor necrosis factor-alpha causes lethal myocarditis in transgenic 

mice. J Card Fail 1997; 3:117-124. 

18. Kishimoto C, Takamatsu N, Kawamata H, Shinohara H, Ochiai H. Immunoglobulin 

treatment ameliorates murine myocarditis with reduction of neurohumoral activity 

and improvement of extracellular matrix. J Am Coll Cardiol 2000; 36:1979-1984. 

19. Shioji K, Kishimoto C, Nakamura H, et al. Overexpression of thioredoxin-1 in 

transgenic mice attenuates adriamycin-induced cardiotoxicity. Circulation 2002; 

106:1403-1409. 

20. Suzuki J, Ogawa M, Futamatsu H, Kosuge H, Tanaka H, Isobe M. A 

cyclooxygenase-2 inhibitor alters Th1/Th2 cytokine balance and suppresses 

autoimmune myocarditis in rats. J Mol Cell Cardiol 2006 ; 40:688-695. 

21. Kishimoto C, Okabe TA, Hattori M, Yuan Z. Naloxone, an opiate receptor 

antagonist, ameliorates acute experimental autoimmune myocarditis by reducing 

cytotoxic activities. J Cardiovasc Pharmacol 2008; 52:445-451. 



                                                      Hirano, et al. 16 

22. Li Q, Verma IM. NF-kappaB regulation in the immune system. Nat Rev Immunol 

2002; 2:725-734. 

23. Ogawa M, Suzuki J, Hishikari K, Takayama K, Tanaka H, Isobe M. Clarithromycin 

attenuates acute and chronic rejection via matrix metalloproteinase suppression in 

murine cardiac transplantation. J Am Coll Cardiol 2008; 51: 1977-1985. 

24. Hashimoto N, Kawabe T, Hara T, et al. Effect of erythromycin on matrix 

metalloproteinase-9 and cell migration. J Lab Clin Med 2001; 137:176-183. 

25. Ohshima S, Fujimoto S, Petrov A, et al. Effect of an antimicrobial agent on 

atherosclerotic plaques. Assessment of metalloproteinase activity by molecular 

imaging. J Am Coll Cardiol 2010; 55: 1240-1249. 

26. Nieman GF, Zerler BR. A role for the anti-inflammatory properties of tetracyclines 

in the prevention of acute lung injury. Curr Med Chem 2001; 8: 317-325. 

27. Sapadin AN, Fleischmajer R. Tetracychines. Nonantibiotic properties and their 

clinical implications. J Am Acad Dermatol 2006; 54: 258-265. 

28. Hishikari K, Watanabe R, Ogawa M, et al. Early treatment with clarithromycin 

attenuates rat autoimmune myocarditis via inhibition of matrix metalloproteinase 

activity. Heart 2010; 96: 523-527. 

 

 



                                                      Hirano, et al. 17 

Figure Legends 

Figure 1. Pathological findings, DHE stainings, and immunohistological findings 

Severe myocardial necrosis with cellular infiltrates (black arrows) and massive 

superoxide production (white arrows) was seen in the untreated rat with 

myocarditis (upper pannel), but less severe myocardial necrosis with cellular 

infiltrates was noted in the EM (33mg/kg/day) -treated rat with myocarditis 

(lower panel). Serial sections were used in both groups. Arrows in the 

magnified insets (480) indicate giant cells. 

CD4, helper T stain 

CD8, suppressor T stain  

DHE, dihydroethidium 

ED1, macrophage stain 

HE, hematoxylin-eosin 

IH, immunohistology 

 ( 230) 

Figure 2. Cutaneous tissue swelling at air pouch site 

The subcutaneous tissue (B, C, D, E) was swollen by the production of air 

pouch compared with the normal (A). However, the treatment of EM 

(33mg/kg/day) (C, E) clearly suppressed the thickness of the subcutaneous 

tissue swelling compared with that of untreated mice (B, D). 

Hook-shaped width indicates the degree of subcutaneous tissue swelling. 

A; Normal 
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B; myosin-unimmunized, untreated 

C; myosin-unimmunized, EM-treated 

D; myosin-immunized, untreated 

E; myosin-immunized, EM-treated 

HE ( 230) 

Figure 3. Myocardial IL-1 expression 

(A) Representative Western blot analysis showed the decreased expression of 

IL-1in EM (33mg/kg/day)-treated rats with myocarditis compared with 

untreated rats with myocarditis. (B) Densitometric analysis of relative protein 

levels showed that IL-1 expression was increased in rats with myocarditis, 

but was decreased by EM treatment. Values were derived from 5 animals and 

represent a percentage of controls. Lanes were designated as C, control 

(myosin-unimmunized, untreated) rat; EM, myosin-unimmunized, EM 

(33mg/kg/day)-treated rat; M, myocarditis (myosin-immunized, untreated) 

rat; MEM, myosin-immunized, EM (33mg/kg/day)-treated rat. P0.01 vs 

M, † P0.01 vs C. 

Figure 4. Echocardiographic findings 

The significant improvement of cardiac function compared with the untreated 

rats was not observed in the rats treated with EM (33mg/kg/day). However, 

EM treatment (C) suppressed the increase of LVPW (white hook-shaped width) 

compared with the untreated group (B). 

A; myosin-unimmunized, untreated 
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B; myosin-immunized, untreated 

C; myosin-immunized, EM-treated 

 











Table 1. Organ weights and cardiac pathology 

 

   BW HW/BW LuW/BW LiW/BW Cardiac Pathology (0~+5) 

  (n) (g) (10
-3

) (10
-3

) (10
-3

) Infiltration Necrosis 

Immunized Protocol 

Control  15 26120 4.50.4 4.30.3 42.34.0 3.20.5 2.80.7 

Erythromycin  3.3mg/kg/day 15 27017 4.30.5 4.10.5 42.23.8 2.70.9 2.50.9 

 33mg/kg/day 10 25810 3.80.4* 4.10.3 41.62.8 1.80.7* 1.90.4* 

 

Unimmunized Protocol 

Control    5 26030 3.80.2 4.30.3 42.04.0 - - - - - - 

Erythromycin  3.3mg/kg/day  5 25825 3.70.4 4.40.4 43.43.8 - - - - - - 

 33mg/kg/day  5 23821 3.90.2 4.00.3 39.04.2 - - - - - - 

        (meanSD) 

HW/BW ratio was lower in the erythromycin group (33mg/kg/day) compared to the control. Semi-quantitative histological grades for 

infiltration and necrosis were significantly lower in the erythromycin group (33mg/kg/day) compared to the control. BW=body weight, 

HW=heart weight, LuW=lung weight, LiW=liver weight, *P < 0.05 v Control. 



Table 2. Immunohistochemistry, chemotaxis and DHE staining 

 

 Positive Cells (%) Leukocyte Chemotaxis Ethidium Fluorescence 

 ED1
+
 CD4

+
 CD8

+
 ( 10

5
) (units) 

Control 20.64.5 15.05.0 7.53.8 25.53.2 1.000.09 

Erythromycin  3.3mg/kg/day 12.73.6* 7.83.2* 4.42.6 18.33.5* 0.820.05* 

 33mg/kg/day 5.85.8** 4.88.6** 3.83.0* 12.44.5** 0.790.08** 

     (mean  SD) 

The percentages of ED1
+
, CD4

+ 
, and CD8

+ 
positive cells in the erythromycin group (3.3mg/kg/day and 33mg/kg/day) were lower than 

in the untreated (control) mice.  

The number of leukocytes exudated into air pouch in unimmunized groups (control group and erythromycin group) ranged from 

16.53.5 10
5
. 

For leukocyte chemotaxis and ethidium fluorescence assay, each trial was independently performed 4-5 times.  

*P < 0.05, **P<0.01 vs Control.  

 



Table 3. Echocardiographic data 

 

EM treatment suppressed the increase of left ventricular LVPWT compared with the untreated groups. EF=ejection fraction, HR=heart 

rate, IVST=interventricular septum thickness, LVDd=left ventricular end-diastolic dimension, LVPWT=left ventricular posterior wall 

thickness. *P<0.05 vs Control. 

   HR LVDd EF IVST LVPWT 

  (n) (hearts/min) (mm) (%) (mm) (mm) 

Immunized Protocol 

Control   8   40716    6.50.3 83.13.6    2.00.6    2.10.3 

Erythromycin 33mg/kg/day  8   40230    6.30.4 82.14.5    1.90.5    1.60.2* 

        

Unimmunized Protocol  

Control  

33mg/kg/day 

 5   4055    6.20.2 86.610.0    1.90.3    1.40.4 

Erythromycin  5   4467    6.00.2 84.67.6    2.00.5    1.50.4 
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