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Abstract 

Background & Aims: Myocardial infarction is one of the most common life threatening diseases in worldwide. Betaine is a safe and 

well tolerated compound that shows beneficial antioxidant and anti-inflammatory properties. Previous studies demonstrated, betaine 

reduce cardiovascular diseases but molecular mechanism of action did not known completely. Cathepsin G play pivotal role in tissue 

injury and inflammation. Hence, we hypothesized betaine protective effects mediated by cathepsin G enzyme. 

Materials & Methods: To examine this hypothesis, an animal model of 48 Albino rats weighing 200 ± 10 g was used. Light – dark 

cycle, temperature, humidity of cage were controlled. Rats divided into G1, G2, and G3 Groups and received betaine in dosage 50, 150 

and 250 mg/kg via gavage respectively. Deionized water administrated for control group in same conditions. After 60 days treatment, 

isoproterenol (100 mg/kg) used for induction of myocardial infarction and then anesthesia and sampling performed. Serum level of 

cardiac troponin I and cathepsin G were measured via ELISA test. Serum homocysteine level measured by auto analyzer. Statistical 

analyses were done using SPSS 23. 

Results: Our results shows, homocysteine level in control, G1, G2, and G3 are 9.98 ± 3.27, 7.29 ± 1.79, 6.69 ± 2.55 and 2.88 ± 1.4 

µmol/L respectively that reduced dose dependently. Betaine protect heart against isoproterenol induced myocardial infraction. Cardiac 

troponin level in control, G1, G2, and G3 are 285.59 ± 49.87, 159.4 ± 66.94, 199.15 ± 78.33 and 209.31 ± 86.66 respectively. Cathepsin 

G level did not changed significantly between groups. 

Conclusion: These results demonstrated betaine have protective effects on isoprenaline-induced myocardial infraction but cathepsin 

G is not underlay molecular mechanism. 
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Introduction 
Myocardial infarction is one of the most common type 

of clinical cardiovascular disease (1). About 10 million 

people have heart attacks every year worldwide (2). 

After myocardial, cardiac troponin T increases in serum 
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that correlated with infarct size. Micronutrients such as 

methyl-donors involved in cardiovascular diseases and 

further Myocardial infarction occurrence (3). Betaine is 

a methyl donor and has been considered as an 

antioxidant and anti-inflammation agent (4). Betaine 
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supplement reduces homocysteine level and so prevents 

myocardial infarction (5). Homocysteine is a metabolite 

in derived from methionine, and can be further degraded 

to cysteine via vitamin B6-dependent reactions(6). 

Alternatively, it can be remethylated into methionine, 

which requires a methyl group obtained from 5- 

methyltetrahydrofolate or from betaine(6). On the other 

hand, antioxidant and anti-inflammatory properties of 

betaine are important factors in cardio-protective effects 

(7). Otherwise the molecular mechanism of betaine on 

cardiovascular system and myocardial infarction is not 

understood completely. 

Cathepsin G is a serine protease of polymorph nuclear 

leukocytes that hydrolyses several types of proteins (8). 

Cathepsin G exhibit pro-inflammatory properties (9). 

Cathepsin G is enzyme with potent elastolytic activity 

that affects coagulation process and tissue remodeling at 

injury sites that proposed as molecular mechanism of 

cathepsin G involvement in cardiovascular diseases 

(10). Cathepsin G also reduced ERK-1/2 

phosphorylation and attenuated apoptosis (11). On other 

hand apoptosis is key cellular event in cardiovascular 

diseases specifically myocardial infarction (12). 

Oxidative stress is another common point between 

myocardial infarction and Cathepsin G. Starodub et al 

study shows oxidative stress decrease serum cathepsin 

G levels in rats (13). Since inflammation, oxidative 

stress and apoptosis affect myocardial infraction 

outcome and these variable also are related to Cathepsin 

G. So we hypothesis that betaine protective effects on 

cardiovascular system mediated by Cathepsin G protein. 

 

Materials and Methods 
Forty-eight adult male wistar rats weighting 200 ± 10 g 

were randomly divided into four groups (n=12). The rats 

were housed in a temperature-controlled room (25 

degrees C) with constant humidity (40-50%), 12 hours 

light/dark photo cycle and received food and water ad 

libitum. Animal protocols were approved by the Animal 

Care and Use Committees of Urmia University of 

Medical Sciences. Betaine was prepared in sterile water 

and was administered by gavage at 0, 50, 150 and 250 

mg/kg BW/day for 60 days. Myocardial infarction was 

induced by subcutaneous injection of 100 mg/kg 

isoprenaline (or isoproterenol) 2 times with 24-

h intervals both in case (betaine pretreated) and control 

(received H2O) G groups. A reduction in blood pressure 

considered as induction of myocardial infarction. 

The serum was separated by centrifugation at room 

temperature and aliquoted and stored at -70°C until 

needed. Rat Serum cTnI and Cathepsin G levels was 

determined in serum using a Rat Cardiac CTnI (cTn-I) 

ELISA kit (CSB-E16443r, CUSABIO, china) and Rat 

cathepsin G (CTSG) ELISA Kit (MBS942938 

MyBioSource USA) respectively. Both assays were 

performed according to the manufacturers' instructions. 

Briefly standards and sample were prepared and added 

to the wells, conjugated antibody addition, HRP enzyme 

and TMB substrate used for final visualization that 

detected by ELISA reader. 

Statistical analysis: 

One-way analysis of variance (ANOVA) was used to 

compare the activities of Homocysteine, cardiac 

troponin I and Cathepsin G levels among groups. In each 

test, the data are expressed as the mean ± S.E.M. and p 

< 0.05 is accepted as statistically significant. 

 

Results 
Serum homocysteine level: 

Statistical compression of betaine treated group with 

control shows betaine (150 and 250 mg/kg)reduced the 

level of significantly (p<0.05) but lower dose 

(50mg/kg) of betaine did not shows significant change 

in Homocysteine levels (Figure1). 
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Figure 1: Effects of betaine (control: 0, case, 50, 150, 250 mg/kg) on serum Homocysteine level after isoproterenol-

induced myocardial infarction. 

Serum cardiac troponin I level: 

Figure 2 shows the effects of betaine supplement on the 

cardiac troponin I level. Betaine (50 and 150 mg/kg) 

prevent cardiac damage and reduced cardiac troponin I 

release significantly. Betaine in higher dose (250 mg/kg) 

did not affect cardiac troponin I level significantly. 

 

Figure 2: Effects of betaine ((control: 0, case, 50, 150, 250 mg/kg) on serum cardiac troponin I level after isoproterenol-

induced myocardial. 

Serum cathepsin G level: 

In percent study, betaine supplement did not affect 

serum cathepsin G level after isoproterenol-induced 

myocardial infarction. Figure 3 illustrates mean of 

cathepsin G level in rats. 
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Figure 3: Effects of betaine on (control: 0, case, 50, 150, 250 mg/kg) serum Cathepsin G level after isoproterenol-induced 

myocardial. No statistical difference observed between groups. 

Discussion 

Cardio protective properties of betaine deduced from 

serum cardiac Troponin I level because cardiac 

Troponin I level is a biomarker for cardiac injury that 

associated with clinical presentation (14). Similar to our 

data, Zheng et al shows betaine prevent isoproterenol-

induced myocardial damage via Regulation of signal 

transducer and activator of transcription 3 and apoptotic 

pathways that confirmed by cardiac Troponin I level and 

histopathological analysis (15). 

Our results showed betaine reduced homocysteine level 

that consists with previous studies. Steenge et al study 

shows betaine is effective supplement that preventing a 

rise in plasma homocysteine concentration (16). Olthof 

et al demonstrated betaine acutely reduces the increase 

in homocysteine after methionine loading but author 

give awareness about betaine adverse effects on lipid 

profile (17). An outstanding property of betaine is active 

methyl donation to methyl acceptor. Thus, it is logic to 

consider betaine as anti-hyperhomocysteinemia agents. 

There is also several human clinical trial and animal 

model that conclude betaine potency in reduction of 

Homocysteine levels (18-20). Reduction in 

Homocysteine level not necessarily reduce 

cardiovascular disease risks (21). Homocysteine could 

considered as indicator for prediction of cardiovascular 

disease or a pathologic metabolite that cause to 

oxidative stress and inflammation (22-23). 

Homocysteine effect on myocardial infarction a final 

and important cardiovascular events, may mediated by 

endothelial damage, anabolic steroids alteration, nitric 

oxide metabolism and myocardial remodeling (24-27). 

Likewise, betaine protective role against myocardial 

infarction may mediate via other molecular mechanism 

such as Cathepsin G. in 1991, Ravichandran et al shows 

Cathepsin enzymes activity increased after 

isoproterenol-induced myocardial infarction and 

reduced in recovery stage (28). Mäntylä et al study 

shows saliva Cathepsin G level increased after 

myocardial infarction (29). Arterial thrombotic status an 

important factor that promote myocardial infarction 

which could modulated by Cathepsin G (30). Our results 
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shows betaine could not affect Cathepsin G serum 

levels. To the best of our knowledge, there are no studies 

evaluating betaine effects on Cathepsin G level. Only 

Ganesan et al study shows the activities of lysosomal 

enzymes were increased in plasma with a concomitant 

decline in the activities of these enzymes in heart tissue 

of isoprenaline-administered rats (31). Lysosome is sub 

cellar organelle that contains Cathepsin G and other 

lysosomal enzymes. Ganesan et al, concluded betaine 

protective effects isoproterenol-induced myocardial 

damage may occur via stabilizing membrane. Our 

results propose betaine effect is independent from 

Cathepsin G but more studies need to final conclusions. 

 

Conclusion 
These results demonstrated betaine have protective 

effects on isoprenaline-induced myocardial infarction 

but Cathepsin G is not underlay molecular mechanism. 

Reduction in homocysteine level signifies methyl donor 

properties play crucial role for betaine protective effects 

that is time dependent. Betaine in 250 mg/kg dose as 

effective dose and measurement of other inflammatory 

factors proposed for further studies. 

 

Disclosure of conflicts of interest 
The authors declare no financial or other conflicts of 

interest. 

 

References 

1. Thygesen K, Alpert JS, White HD, Jaffe AS, Apple FS, 

Galvani M, et al. Universal definition of myocardial 

infarction: Kristian Thygesen, Joseph S. Alpert and 

Harvey D. White on behalf of the Joint 

ESC/ACCF/AHA/WHF Task Force for the Redefinition 

of Myocardial Infarction. Euro Heart J 

2007;28(20):2525–38. 

2. Group Cc. Addition of clopidogrel to aspirin in 45 852 

patients with acute myocardial infarction: randomised 

placebo-controlled trial. The Lancet 

2005;366(9497):1607-21. 

3. Kang S-S, Wong PW, Norusis M. Homocysteinemia due 

to folate deficiency. Metabolism 1987;36(5):458-62. 

4. Go EK, Jung KJ, Kim JM, Lim H, Lim HK, Yu BP, et al. 

Betaine modulates age-related NF-kappaB by thiol-

enhancing action. Biol Pharm Bull 2007;30(12):2244–9. 

5. Schwab U, Törrönen A, Toppinen L, Alfthan G, Saarinen 

M, Aro A, et al. Betaine supplementation decreases 

plasma homocysteine concentrations but does not affect 

body weight, body composition, or resting energy 

expenditure in human subjects. Am J Clin Nutr 

2002;76(5):961–7. 

6. Selhub J. Homocysteine metabolism. Annual Rev Nutr 

1999;19(1):217-46. 

7. Ganesan B, Buddhan S, Anandan R, Sivakumar R, 

AnbinEzhilan R. Antioxidant defense of betaine against 

isoprenaline-induced myocardial infarction in rats. Mol 

Biol Rep 2010;37(3):1319–27. 

8. Hohn P, Popescu N, Hanson R, Salvesen G, Ley T. 

Genomic organization and chromosomal localization of 

the human cathepsin G gene. J Biol Chem 

1989;264(23):13412-9. 

9. Shimoda N, Fukazawa N, Nonomura K, Fairchild RL. 

Cathepsin g is required for sustained inflammation and 

tissue injury after reperfusion of ischemic kidneys. AM J 

Pathol 2007;170(3):930-40. 

10. Sharony R, Yu P-J, Park J, Galloway AC, Mignatti P, 

Pintucci G. Protein targets of inflammatory serine 

proteases and cardiovascular disease. J Inflamm 

2010;7(1):45. 

11. Sabri A, Alcott SG, Elouardighi H, Pak E, Derian C, 

Andrade-Gordon P, et al. Neutrophil cathepsin G 

promotes detachment-induced cardiomyocyte apoptosis 

via a protease-activated receptor-independent 

mechanism. J Biol Chem 2003;278(26):23944-54. 



The Journal of Urmia University of Medical Sciences, 28(8), November, October 2017 

 

53 

12. Saraste A, Pulkki K, Kallajoki M, Henriksen K, Parvinen 

M, Voipio-Pulkki L-M. Apoptosis in human acute 

myocardial infarction. Circulation 1997;95(2):320-3. 

13. Starodub NF, Samokhina LM. The activities of 

endothelial elastase and cathepsin G in rats at oxidative 

stress caused by heavy metals salts. Adv Biol Chem 

2013;3(02):208. 

14. López-Fernández S, Cequier A, Iràculis E, Gómez-

Hospital JA, Teruel L, Valero J, et al. [Elevated troponin 

I levels in patients with acute coronary syndrome without 

ST elevation are associated with increased complexity of 

the culprit lesion]. Rev Esp Cardiol 2004;57(4):291–8. 

15. Zheng P, Liu J, Mai S, Yuan Y, Wang Y, Dai G. 

Regulation of signal transducer and activator of 

transcription 3 and apoptotic pathways by betaine 

attenuates isoproterenol-induced acute myocardial injury 

in rats. Hum Experimen Toxicol 2015;34(5):538-47. 

16. Steenge GR, Verhoef P, Katan MB. Betaine 

supplementation lowers plasma homocysteine in healthy 

men and women. J Nutr 2003;133(5):1291-5. 

17. Olthof MR, Verhoef P. Effects of betaine intake on 

plasma homocysteine concentrations and consequences 

for health. Curr Drug Metab 2005;6(1):15–22. 

18. Lee JE, Jacques PF, Dougherty L, Selhub J, Giovannucci 

E, Zeisel SH, et al. Are dietary choline and betaine intakes 

determinants of total homocysteine concentration? Am J 

Clin Nutr 2010;91(5):1303-10. 

19. Olthof MR, van Vliet T, Boelsma E, Verhoef P. Low dose 

betaine supplementation leads to immediate and long 

term lowering of plasma homocysteine in healthy men 

and women. J Nutr 2003;133(12):4135-8. 

20. Ji C, Kaplowitz N. Betaine decreases 

hyperhomocysteinemia, endoplasmic reticulum stress, 

and liver injury in alcohol-fed mice. Gastroenterology 

2003;124(5):1488-99. 

21. Ciaccio M, Bellia C. Hyperhomocysteinemia and 

cardiovascular risk: effect of vitamin supplementation in 

risk reduction. Current Clin Pharmacol 2010;5(1):30-6. 

22. Handy DE, Zhang Y, Loscalzo J. Homocysteine down-

regulates cellular glutathione peroxidase (GPx1) by 

decreasing translation. J Biol Chem 2005;280(16):15518-

25. 

23. Hofmann MA, Lalla E, Lu Y, Gleason MR, Wolf BM, 

Tanji N, et al. Hyperhomocysteinemia enhances vascular 

inflammation and accelerates atherosclerosis in a murine 

model. J Clin Invest 2001;107(6):675-83. 

24. Peoples K, Kobe D, Campana C, Simon E. 

Hyperhomocysteinemia-induced myocardial infarction in 

a young male using anabolic steroids. Am J Emerg Med 

2014;32(8):948. e1-. e2. 

25. Lai WKC, Kan MY. Homocysteine-induced endothelial 

dysfunction. Annal Nutr Metab 2015;67(1):1-12. 

26. Indraratna P, Alexopoulos C, Celermajer D, Alford K. 

Acute ST-Elevation Myocardial Infarction, a Unique 

Complication of Recreational Nitrous Oxide Use. Heart, 

Lung and Circulation; 2017. 

27. Finch JM, Joseph J. Homocysteine, cardiovascular 

inflammation, and myocardial remodeling. Cardiovasc 

Hematol Disord Drug Targets 2010;10(4):241–5. 

28. Ravichandran LV, Puvanakrishnan R, Joseph KT. 

Influence of isoproterenol-induced myocardial infarction 

on certain glycohydrolases and cathepsins in rats. 

Biochem Med Metab Biol 1991;45(1):6–15. 

29. Mäntylä P, Buduneli E, Emingil G, Tervahartiala T, 

Pussinen P, Barış N, et al. Acute myocardial infarction 

elevates serine protease activity in saliva of patients with 

periodontitis. J Periodontal Res 2012;47(3):345-53. 

30. Faraday N, Schunke K, Saleem S, Fu J, Wang B, Zhang 

J, et al. Cathepsin G-dependent modulation of platelet 

thrombus formation in vivo by blood neutrophils. PLoS 

One 2013;8(8):e71447. 



 Effect of betaine supplement on isoprenaline induced myocardial infarction …. Soroush Ghodratizadeh, et al 

 

54 

31. Ganesan B, Anandan R. Protective effect of betaine on 

changes in the levels of lysosomal enzyme activities in 

heart tissue in isoprenaline-induced myocardial infarction 

in Wistar rats. Cell Stress Chaperones 2009;14(6):661. 

 


