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ABSTRACT 

 
In the work we have estimated influence of 3-(2,2,2-trimethylhydrazinium) propionate on the area of 

necrotizing myocardium or left ventricle and the level of troponin of blood serum at acute coronary occlusion 
(60 min) with further reperfusion (90 min) in narcotized rabbits. It has been demonstrated that distant and 
pharmacological preconditioning with 3-(2,2,2-trimethylhydrazinium) propionate helps degrade necrotized 
area by 3 and 1.5 times, respectively. We have identified participation of ATP-sensitive potassium channels 
(PАТP-channels) of endothelial and inducible NO-synthase in realization of cytoprotective effect of distant 
preconditioning and 3-(2,2,2-trimethylhydrazinium) propionate, which is indicative of realization of mechanism 
of pharmacological preconditioning in its cardioprotective effect.  
Keywords: preconditioning, ischemia/reperfusion, PАТP-channels – dependant channels, 3-(2,2,2-
trimethylhydrazinium) propionate.  
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INTRODUCTION 
 

There are enough studies, dedicated to application of 3-(2,2,2-trimethylhydrazinium) propionate 
(Mildronat®) at cardiovascular diseases. It is commonly known that 3-(2,2,2-trimethylhydrazinium) propionate 
leads to limitation of fatty acids’ flow through mitochondria membrane and protects the cells from the death 
in conditions of hypoxia *1+. However, the question regarding its possibility of preconditioning myocard hasn’t 
been studied yet.  

 
THE METHOD 

 
 Study of survivability of ischemic myocard was performed for 66 rabbits with the weight of 2-2.5 kg. 

Influence of 3-(2,2,2-trimethylhydrazinium) propionate on the size of the necrosis zone was performed on the 
model of coronary occlusive myocardial infarction. Myocardial infarction was reproduced in narcotized animals 
(chloral hydrate, 300 mg/kg), which had their breathing controlled, by means of banding ramous descendens 
of left coronary artery on the level of lower edge of  left atrial appendage (60 min) with further reperfusion (90 
min). Cross sections of myocard were performed every 0.8 cm, starting from the level of 0.8 cm lower than 
applied threads. Myocard’s sections were placed into container with phosphate buffer (pH 7.4) and 1 mg/ml of 
triphenyl tetrazolium chloride for formation of red formazan [2, 3, 4, 5]. Calculation of areas of intact and 
necrotized myocard of left ventricle were performed on each of four sections with the help of pixel-by-pixel 
analysis in Adobe Photoshop 9.0. The level of Troponin I (TnI) was defined on immunofluorescence apparatus 
Triage MeterPro (Biosite, USA). 

 
Ischemic preconditioning was performed by means of stopping blood flow for 5 minutes in ligated 

coronary artery 30 minutes prior to total ischemia of myocard. Distant ischemic preconditioning was 
performed by application of tourniquet on the upper third part of thigh for 10 minutes, with further 20-minute 
reperfusion and reproduction of infarct model for 60 minutes. 

 
Pharmacological preconditioning was performed via intravenous injection of 3-(2,2,2-

trimethylhydrazinium) propionate into marginal ear vein of rabbits (Mildronat®, produced by “GRINDEX”, 
Latvia) in the dose of 90 mg/kg. 

  
With the purpose of hypothesis’ confirmation regarding realization of preconditioning effects through 

activation of nitrogen oxide’s synthesis system and PАТP-channels, the animals were injected with L-NAME in 
the dose of 25 mg/kg (blocking agent of inducible (iNOS) and endothelial (eNOS) NO-synthetase), 
glibenclamide (blocking agent of PАТP-channels) in the dose of 0.4 mg/kg, amino guanidyn (blocking agent of 
inducible (iNOS) in the dose of 100 mg/kg [6,7]. 

 
RESULTS OF THE STUDY 

 
Modeling of ischemia / reperfusion of coronary artery led to development of myocard’s necrosis, the 

size of which was 27.3±1.2 % from the total mass of left ventricle (Table 1). 
 
Ischemic preconditioning (5 min) 30 minutes prior to coronary occlusion helped to degrade necrotized 

area by 3 times up to 11.8±0.8% Table 1). 
 
Distant ischemic preconditioning. I.V. injection of 3-(2,2,2-trimethylhydrazinium) propionate in the 

dose of 90 mg/kg and their combination 30 minutes prior to modeling of coronary occlusive myocard infarct 
led to significant decrease of the area of necrotized myocard and equaled 9.05±0.6, 20.2±1.0 and 
11.69±0.58%, respectively. Similar tendency was observed in dynamics of TnI in blood plasma (Table 1).  

 
Non-selective blocking of NO-synthase via I.V. injection of L-NAME and selective blocking of inducible 

NO-synthase (iNOS) via I.V. injection of aminoguanidin, secondary to modeling of ischemia/reperfusion of 
propionate and distant ischemic preconditioning (Table 1).  

 
Blocking PАТP-channels with the help of glibenclamide on the background of modeling of myocard 

ischemia/reperfusion fully cancel cardioprotective effects, as well as an application of 3-(2,2,2-
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trimethylhydrazinium) propionate and distant ischemic preconditioning in regards to necrosis zones and TnI 
level (Table 1). 

 
Table 1: Influence of 3-(2,2,2-trimethylhydrazinium) propionate (90 mg/kg I.V.) and distant ischemic preconditioning on 

the area of necrotizing myocardium of left ventricle and the level of troponin of blood serum at acute coronary occlusion 
(60 min) with further reperfusion (90 min) in narcotized rabbits (M±m; in % of left ventricle’s weight; n=6). 

 

N п/ п Experimental group % of necrosis The level of TnI in plasma 
(ng/ml) 

1. CO/ reperfusion (control) 27.3±1.2 16.3 ±1.2 

2. CO / reperfusion + IP 11.8±0.8* 5.4±1.4* 

3. CO / reperfusion + DIP 9.05±0.6* 4.6±0.8* 

4. CO / reperfusion + 3-(2.2.2-trimethylhydrazinium) 
propionate 

20.2±1.0* 12.2±1.1* 

5. CO / reperfusion + 3-(2.2.2-trimethylhydrazinium) 
propionate + DIP 

11.69±0.5* 6.4 ±2.9* 

6. CO / reperfusion + L-NAME (25 mg/kg/day) + DIP 25.3±0.8# 15.9±0.9# 

7. CO / reperfusion + L-NAME (25 mg/kg/day) + 3-(2.2.2-
trimethylhydrazinium) propionate 

23.6±1.3# 16.3 ±1.7# 

8. CO / reperfusion +aminoguanidin (100 mg/kg) + DIP 22.8±2.0# 14.6 ±1.8# 

9. CO / reperfusion + aminoguanidin (100 mg/kg)+ 3-
(2.2.2-trimethylhydrazinium) propionate 

26.3±1.3# 17.3 ±1.2# 

10. CO / reperfusion + glibenclamide (0.4 mg/kg) + DIP 24.2±1.5# 15.3±1.3# 

11. CO / reperfusion + glibenclamide (0.4 mg/kg) +3-
(2.2.2-trimethylhydrazinium) propionate 

32.6±1.8# 17.7 ±0.9# 

 
Note: CO / reperfusion is the coronary occlusion of ramus descendens of left coronary artery on the level of the 

ear (60 min) with further reperfusion (90 min); IP is ischemic preconditioning (5 min); DIP is distant ischemic 
preconditioning (10 min) of the upper third of thigh; *р < 0.05 means in comparison with control; # р < 0.05 05 means in 

comparison with the series without pharmacological analyzer. 

 
Thus, in the course of implemented investigation we have discovered that IP, DIP and 3-(2,2,2-

trimethylhydrazinium) propionate have comparable cardioprotective effect on the model of 
ischemia/reperfusion in narcotized rabbits.  

 
PАТP-channels are effector mechanisms in realization of anti-ischemic effect of DIP and 3-(2,2,2-

trimethylhydrazinium) propionate. NO acts like a trigger of IP. In both cases its synthesis is performed via 
activation of iNOS and eNOS [8, 9, 10]. 3-(2.2.2-trimethylhydrazinium) propionate, when competing for 
receptors of  gamma-butyrobetaine, leads to reduction of carnitine concentrations. At this, its level 
increases. As a result of affinity of GBB with acetylcholine, activation of endothelial acetylcholine receptors 
occurs, which leads to induction of NO synthesis [11]. 

 
CONCLUSIONS 

 

 3-(2,2,2-trimethylhydrazinium) propionate provides significant protective effect on 
ischemia/reperfusion models in narcotized rabbits, reducing necrosis zone and TnI concentrations 
in blood plasma by 1.5 times.  

 PАТP-channels and iNOS take part in realization of cardioprotective effects of 3-(2.2.2-
trimethylhydrazinium) propionate, as evidenced by cancellation of protective effect when 
glibenclamide and aminoguanidin are injected. 

 
REFERENCES 

 
[1] Teplyakov A.T., Sankevich T.V., Stepacheva T.A. et al., 2003. Myocardial cytoprotection with inhibitor 

of β-oxidation of fatty acids with Mildronat as a monotherapy or in combination with β-
adrenoreceptor blocking agent atenolol in patients with post-infarction dysfunctions of left ventricle. 
Cardiology, 2:15-18. 



ISSN: 0975-8585 
 

November - December 2014  RJPBCS   5(6)  Page No. 1422 

[2] Artiushkova Ye.B., Pokrovskiy M.V., Korokin V.V. et al., 2009. Analysis of endothelium protective 
actions of Kardionat medication on ADMA-similar model of nitrogen deficit  at specific blocking of NO-
synthase. International Journal on Immunorehabilitation, 11: 66.  

[3] Mikhin V.P., Pokrovskiy M.V., Gureev V.V et al., 2011. Effectiveness of domestic myocardial 
cytoprotector and its pharmadynamics at acute myocard ischemia: clinical results and experimental 
models. Russian Journal of Cardiology, 2: 37-42. 

[4] Ragulina V.A., Korokin M.V., Pokrovskiy M.V. et al., 2011. Analysis of cardioprotective effect of 
derivative of 3-oxypyridine. International Journal of Applicative and Fundamental Researches, 3:118.  

[5] Chernomortseva Ye.S., Pokrovskiy M.V., Pokrovskaya T.G. et al., 2009. Experimental works on 
cardioprotective and endothelium-protective effect of macrolides and azalides. Experimental and 
Clinic Pharmacology, 2: 29-31. 

[6] Downey J.M., Davis A.M.. Cohen M.V.. 2007. Signaling pathways in ischemic preconditioning. Heart 
Fail Rev.. 12(3-4): 181-188. 

[7] Skyschally  А., Schulz R.. Heusch G.. 2008. Pathophysiology of myocardial infarction: protection by 
ischemic pre- and postconditioning. Heart Fail Rev..  33: 88-100. 

[8] Schaper W. Gorge G. Winkler В. et al.. 2005. The collateral circulation of the heart. Prog Cardiovasc    
Dis. .  31(1): 57-77. 

[9] Matsumura K.. Jeremy R.W.. Schaperet J.  al.  2008. Progression of myocardial necrosis during 
reperfusion of ischemic myocardium. Circulation.  97(8): 795-804. 

[10] Kolesnik I.M., Pokrovskiy M.V., Danilenko L.M. et al., 2010. Distant and pharmacological 
preconditioning – new opportunities of neovasculogenesis stimulation. Kuban Scientific Medical 
Bulletin, 6:56-58. 

[11] Liepinsh E..  Vilskersts R.. Kalvinsh I. et al. 2006. Mildronate. an inhibitor of carnitine biosynthesis. 
induces an increase in gamma-butyrobetaine contents and cardioprotection in isolated rat heart 
infarction. J Cardiovasc Pharmacol. 48: 314–319. 

 

 


