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ABSTRACT 
 

Background: It is reported that 20 to 30% of patients are not responders to this treatment (Cardiac 
Resynchronization Therapy). The reasoning in this merely theoretical paper shows the plausible 
danger that can be brought by measurements apparatus, in the occurrence the CRT especially 
when it is sophisticated.  
Objective: In Physical Cardiochemistry field our overall purpose is to bring a contribution to heart 
health. It is needful to draw attention for caregivers and manufacturers, especially with respect to 
the magnetism these apparatuses may exhibit. 

Mini-review Article 
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Methods: The Observation and documentary research are used. It is recalled hereby successively 
energy metabolism in healthy cardiomyocyte, adaptive energy metabolism of a hypertrophied and 
insufficient heart, cardiac resynchronization therapy and energy metabolism of the cardiomyocyte 
with its potential effects on both glucose oxidation and fatty acids oxidation. 
Results: It is shown a plausible interaction between oxygen magnetic field, paramagnetic by 
nature, and pacemaker and/or defibrillator electromagnetic field according to the sacral principle of 
“like dissolves like” with all evil consequences on patients.  
Conclusion: It will be necessary to evaluate later not only the behavior of the various energetic 
substrates of a hypertrophied heart as a function of the variation of the magnetic field strength but 
also the content of the probable substances produced in the presence of a magnetic field and with 
a potentially harmful effect on cardiac function. Convinced technology has its setbacks, the 
pacemakers and/or defibrillators manufacturers are invited to a greater rigor, greater caution and 
sustained care in building these devices. In next publication study of a case (CRT-D), where the 
diabetes has been observed, will be outlined. 
 

 
Keywords: Cardiac Resynchronization Therapy (CRT); glucose oxidation; fatty acid oxidation; 

oxygen; paramagnetism; hypertrophied and insufficient heart. 
 
1. INTRODUCTION 
 
The heart is an organ rich in lipids, and in 
mitochondria. The human heart produces about 
30   kg of adenosine triphosphate (ATP) per day 
(80 μmoles.g

-1
.min

-1
) mainly from fatty acids 

(FA) oxidation [1]. Cardiovascular diseases are 
the leading cause of mortality and morbidity in 
the world. In particular, arterial hypertension and 
myocardial infarction predispose to the 
development of heart failure [2-5]. The 
hypertrophied and insufficient heart is 
characterized by the change of use of heart 
substrates in energy metabolism associated 
with a deficiency content of high-energy 
phosphate, mitochondrial dysfunction 
and high glucose dependency [6,7]. In order               
to improve cardiac efficiency, cardiac 
resynchronization therapy (CRT) is proposed. 
The CRT creates a magnetic field susceptible to 
influence the reaction of oxygen which is an 
essential molecule in the mitochondrial 
oxidative metabolism. This review analyzes the 
influence of the likely interaction of the magnetic 
field created by the CRT and oxygen on glucose 
and fatty acids oxidations which might affect the 
adaptive mechanism of energy metabolism of 
an already hypertrophied and insufficient heart. 
 

2. THEORETICAL SURVEY 
 

2.1 Energy Metabolism in a Healthy 
Cardiomyocyte 

 
The fatty acids (FA) and glucose are the main 
source of energy for cardiomyocyte [8]. 
However, FA are the preferred energy source, 
but expensive in terms of oxygen and susceptible 

to entail harmful effects. The fatty acids, by 
the beta oxidation, provide the majority of 
cofactors required for mitochondrial oxidative 
phosphorylation [9]. 
 
Energy metabolism in a cardiomyocyte has been 
described by several authors including Fillmore 
et al in 2014 [9]. The fatty acid is converted to 
acyl coA by fatty acyl CoA synthetase (FACS) 
and then enters the mitochondria through CPT 1, 
CPT 2 and carnitine translocase (CAT). Beta 
oxidation oxidizes acyl coA to acetyl coA which 
enters the Krebs cycle. The cycle produces the 
reduced equivalents (NADH and ����� ) that 
allow the oxidative phosphorylation to produce 
ATP via the respiratory chain of the 
mitochondrial membrane. The oxidation of 
the fatty acids consumes much more 
oxygen (0.177 mole of oxygen per mole of ATP). 
 
Glucose enters the cardiomyocyte through GLUT 
1 and 4, undergoes glycolysis and 
produces acetyl coA by dint of pyruvate 
dehydrogenase (PDH). Acetyl coA enters 
the Krebs cycle to produce ATP. The oxidation of 
glucose consumes less oxygen compared to that 
of the FA (0.156 mole of oxygen per mole of 
ATP). The 2/3 of oxygen used by the 
cardiomyocyte are consumed by the oxidation 
of FA [10]. 
 
2.2 Adaptive Energy Metabolism 

(Metabolic Shift) of a Hypertrophied 
and Insufficient Heart 

 
Different studies suggest a metabolic flexibility 
(shift) of the cardiomyocyte of a hypertrophied 
and insufficient heart. Indeed, it has been 
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observed a modification of the use of energy 
substrate: the energy metabolism that is normally 
70% at the dependency of FA is redirected 
towards the privileged metabolism of glucose 
[6,11]. The sick hypertrophied cardiomyocyte is 
deficient in energy because its ability to produce 
ATP has decreased: the Phosphocreatine / ATP 
ratio is shaken, the hypertrophied heart becomes 
unable to convert chemical energy into 
mechanical work [12]. 
 
This alteration of metabolism is believed to be 
caused by mitochondrial dysfunction due to the 
decrease of the factors of mitochondrial 
biogenesis PPARγ-coativator-1α (PGC-
1α), nuclear respiratory factors (NRF1/2), 
mitochondrial transcription factor A (Tfam) 
[13,14] and the production of oxygenated 
reactive species altering mitochondrial DNA [15]. 
This dysfunction would lead to a decrease of 
oxygen consumption in mitochondria [13-18], 
thereby decreasing cardiac efficiency. 
 
In order to improve cardiac efficiency, some 
studies demonstrate a reorganization of 
mitochondrial metabolism by lowering the use 
of FA [19-22] (in dogs [23-25], rat hearts [26-
29] or even their suppression [30], while the 
increase in deposition of 

18
F-fluorodeoxy-

glucose (18F-FDG) and oxidation of cardiac 
glucose has been proven (in humans 
[21,31,32]). In the studies of Young [33], only 
glucose oxidation was significantly increased 
while experiments in dogs [23-25] and rat hearts 
[26-29] had demonstrated the uptake increased 
glucose. In sum, the upstream different 
theses plead for a metabolic change in an 
hypertrophied and insufficient heart towards a 
fetal energy metabolism characterized by a 
decrease of mitochondrial oxidative 
metabolism and an increase of the glycolysis 
[8,25,34]. This change of energy metabolism 
would be likely due to a change of                   
activity of transcription proteins such as 
hypoxiainducible factor-1 α (increased), PPAR α 
(decreased) and PPAR   co-activator-1 (PGC-

1) (decreased) [8,26,27]. High rates of glycolysis 
and low rate of glucose oxidation can cause a 
decoupling of glycolysis and of glucose oxidation 
with as a consequence the production of protons 
[8]. These protons are driven out of the cell by 
the Na

+
/ H

+
 exchanger. The sodium (Na) exits 

out of the cell by Na+/Ca2+ exchange and there 
will be an increase of Ca2+ in the cell. ATP is 
then used to remove Ca

2+
 from the cell. It is thus 

reoriented out of contractile function thereby 
decreasing cardiac efficiency [9]. 

2.3 Cardiac Resynchronization Therapy 
and Energy Metabolism of the 
Cardiomyocyte 

 
Approximately one-third of hypertrophied and 
deficient hearts have intraventricular electrical 
disturbances resulting in asynchronous 
ventricular contraction, altering thus the 
efficiency of the heart pump [35,36]. The 
CRT consists in installing a pacemaker and / or 
a defibrillator, it is indicated in systolic heart 
failure with stages dyspnea NYHA II / III / IV, an 
ejection fraction ≤ 35% and QRS duration ≥ 120 
ms. It is noted that 20 to 30% of patients are 
not responders to this treatment [37]. This 
category of patients could justify the controversy 
of this medical act. According to the universal 
principle of “like dissolves like” 
[38], the stimulator and / or the defibrillator 
behave differently in the presence of another 
magnetic moment. The application of a magnet 
on a stimulator is susceptible to induce 
asynchronous stimulation [39], an increase in the 
amplitude of the stimulation and a temporary 
suspension to the adaptation of the heart rate to 
the effort. However, the magnet does not 
induce these effects on defibrillator besides 
the possible deactivation of ventricular 
antiarrhythmic therapy that is solved by dint of 
the setup of the apparatus [40]. 
 

Although studies have not shown the universal 
effect of a clinical magnet (of magnetic field 
intensity greater than 90 gauss) applied to a 
pacemaker / defibrillator [40], patients which are 
refractory to this treatment suggest a possible 
interference of the magnetic field of the implant 
on the energetic metabolism of the 
cardiomyocyte. Precisely a possible interference 
of the magnetic field of oxygen and that of the 
cardiac implant can alter adaptive mitochondrial 
oxidative metabolism. 
 
Indeed, the oxygen molecules are 
paramagnetics. They behave as small magnets 
having a pre-existent magnetic momentum to the 
inductive field (Fig. 2) [41,42]. 
 
In the absence of inductive field, these ones are 
randomly oriented because of thermic 
commotion and the resultant magnetization is not 
zero. The action of external field tends to orient 
those magnets in parallel between them and in 
the same sens with the magnetizing field. This 
alignment is partially destroyed by thermic 
agitation which tends to modify the dipoles 
orientation in the field direction; an equilibrium is 
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established for which the atoms contribute 
positively to the field action because a 
permanent magnetization is superimposed to 
inferred magnetization. 
 
The resultant induction is then more intense than 
in the empty. It is important to know that the 
external field acts on the magnetic moments 
which exist spontaneously in some certain 
atomic or molecular edifices. The result is the 
electrons circulation on their orbits together with 
electronics and nuclear spins [41,43]. 
 
It appears however that in gaseous phase the 
orbital magnetic moment interacts only with the 
intense field; in liquids and solids, things are 

quite different. This blockade of magnetic 
moments is ascribed to electrostatic interaction 
between divers orbits of the same molecule or of 
vicinal molecules. Only the magnetic moments 
associated to electrons and nuclear spins 
undergo a directress action of external field. 
When the electrons are pair, the effect is zero by 
compensation. 
 
When the edifices have a single electron or no 
pair electrons, the magnetic moments are then 
oriented in the external field direction. Those 
substances present then a positive magnetic 
susceptibility, they are paramagnetics. The 
paramagnetism is always superimposed to the 
diamagnetism [42,44]. 

 

 
 

Fig. 1. Overview of oxidation of fatty acid and glucose in the heart [9] 
ACC, acetyl CoA carboxylase; AMPK, AMP-activated protein kinase; CPT, carnitine palmitoyl transferase; CAT, 
carnitine translocase; FACS, fatty acyl CoA synthetase; FAT, fatty acid transporter; GLUT, glucose transporter; 
LDH, lactate dehydrogenase; MCD, malonyl CoA decarboxylase; MPC, mitochondrial pyruvate carrier; PDH, 

pyruvate dehydrogenase; PDK, pyruvate dehydrogenase kinase; PDP, pyruvate dehydrogenase phosphatase; 
TCA, tricarboxylic acid; TG, triacylglycerol 

 

 
 

Fig. 2. The real structure of oxygen 
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2.3.1 Potential effects of cardiac resynchroni-
zation therapy on glucose oxidation 

 
In an insufficient heart, the energetic metabolism 
is preferentially oriented towards the oxidation of 
glucose [21,31,32,33], which has become the 
major energy source [6,11,45,46]. Oxygen, a 
paramagnetic molecule and key element of this 
metabolism, will tend to become rare during a 
CRT. Indeed, oxygen is the simple molecule that 
has a magnetic moment [47]. It is logically 
attracted by the magnetic field of the cardiac 
implant, hindering thus the oxidation of glucose 
which has become the main energy source of 
a hypertrophied and insufficient heart. Alteration 
of mitochondrial oxidative metabolism of glucose 
agraves the decoupling of glycolysis 
and oxidation of glucose, thereby causing 
a proton elevation in the cytosol, which, 
as described above (Fig. 1), will have to be 
removed from the cell by ionic regulation 
mechanisms consuming ATP. This unfit use 
of ATP comes to worsen heart 
failure already installed that the homeostatic 
mechanisms seemed to compensate. ATP from 
glucose oxidation is oriented towards contractile 
function [48-51] and the ATP provided by 
glycolysis is preferentially used by the pumps. It 
upstream follows, in the cytosol, an increase of 
glucose metabolites that may thus influence the 
GLUT1 and GLUT4 transporters decreasing the 
binding affinity to the glucose molecule with 
a consequence the extracellular increase of 
glucose susceptible to cause cardiac insulin-
 resistance. Likewise, Lahbib et al. in 2014 
studies on cells after incubation in a magnetic 
field have reported the induction of 
oxidative stress entailing instability of glucose 
level and insulin release. The magnetic field is 
likely to induce a disturbance of the metabolism 
of free radicals and a rise in their concentration 
[52,53,54]. 
 
2.3.2 Potential effects of cardiac resynchroni-

zation therapy on fatty acids oxidation  
 
Although oxidation of FA is not the main 
energy source of an insufficient heart [19-22], its 
alteration would be susceptible to compromise 
the adaptive energy metabolism in place. It is not 
amazing that the depletion of oxygen in an 
insufficient heart under a CRT alters the 
mitochondrial oxidative metabolism of FA, the 
oxygen being attracted by the magnetic field of 
the cardiac implant. This alteration 
of FA oxidation would entail, upstream, an 
accumulation of FA exposing thus the heart to 

lipotoxicity that would lead to cardiac          
dysfunction [12]. These fatty acids can 
be metabolized to intermediate metabolites 
(diacylglycerol and ceramides), which will 
contribute to the establishment of cardiac insulin-
resistance and therefore cardiac dysfunction 
[55,56]. 
 

3. CONCLUSION 
 
The adaptive energy metabolism which aims to 
increase the efficiency of insufficient heart seems 
to be disturbed by oxygen depletion. This latter is 
deviated from its metabolic role to the magnetic 
field created by the implant (CRT). As a result, at 
the level of the cardiomyocyte, an alteration 
of adaptive mitochondrial oxidative metabolism is 
observed, pushing the heart into energy 
deficiency, exposure to lipotoxicity and insulin-
resistance introducing again the hypertrophied 
and insufficient heart on an energy dead-end. All 
these mechanisms contribute to the installation 
of cardiac dysfunction degrading thus the vital 
prognosis of patients with hypertrophied and 
insufficient heart under CRT. This review may 
partly explain the high rate (20 to 30%) of 
patients who do not respond to CRT. A new 
balance of energy deficiency would be 
established between the metabolic pathway of 
glucose and that of FA. Careful study of the 
expression of genes encoding PDH will give 
plenty information because it is recognized to be 
a target at the crossroads of these two metabolic 
pathways. An increase in FA oxidation inhibits 
PDH while an increase of glucose oxidation 
stimulates it. 
 
In addition to the important rate of patients 
insensitive to the CRT, its high cost restricts its 
accessibility in poor regions, especially in Sub-
Saharan Africa. The research for a new 
treatment alternative is needful. The resort to the 
phytotherapy is acceptable, reachable, available 
and popular for the majority of Africans (80%).  
 
It will be necessary to evaluate later not only the 
behavior of the various energetic substrates of a 
hypertrophied heart as a function of the variation 
of the magnetic field strength but also the content 
of the probable substances produced in the 
presence of a magnetic field and with a 
potentially harmful effect on cardiac function. 
 
Convinced technology has its setbacks, the 
pacemakers and/or defibrillators manufacturers 
are invited to a greater rigor, greater caution and 
sustained care in building these devices taking 
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into account the universal principle of “like 
dissolves like”.  In next publication study of a 
case (CRT-D), where the diabetes has been 
observed, will be outlined. 
 

CONSENT 
 
It is not applicable. 
 

ETHICAL APPROVAL 
 
It is not applicable. 
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Grynberg A. Fatty acids metabolism and 

myocardial energy control: A goal in the 
treatment of ischemia. Therapeutic 
medicine Cardiology. 2004;2:4. 

2. Kunyima AB, Lusamba SN, Malumba AM, 
Kabele CN. about physical bases of heart 
acting. Case of Healthy Women in 
Democratic Republic of Congo, Cardiology 
and Angiology: An International Journal. 
2016;5(1):1-14. 

3. Kunyima AB, Lusamba SN, Kunyima MB, 
Kabele CN. Differential enthalpy, factor of 
cardiac power and precursor of work 
power from the nodal tissue. Cardiology 
and Angiology: An International Journal. 
2016;5(3):1-15.  

4. Lusamba Séraphin Ntumba. Physical 
basics of cardiac function: Application of 
"KUNYIMA Equation" to healthy women in 
the Democratic Republic of Congo. DEA 
(Master). University of Kinshasa; 2016.  

5. Kunyima AB, Lusamba SN, Kunyima MB. 
Kunyima relations establishment on SS 
sickle cell anaemia women investigation in 
Democratic Republic of Congo. Cardiology 
and Angiology: An International Journal. 
2017;6(4):1-25. 

6. Ventura-Clapier R, Garnier A, Veksler V. 
Energy metabolism in heart failure. J 
Physiol. 2004;555:1-13. 

7. Beer M, Seyfarth T, Sandstede J, 
Landschutz W, Lipke C, Kostler H, et al. 
Absolute concentrations of high-energy 
phosphate metabolites in normal, 
hypertrophied, and failing human 
myocardium measured noninvasively          
with (31) P-SLOOP magnetic resonance 

spectroscopy. J Am Coll Cardiol. 2002;40: 
1267-1274. 

8. Lopaschuk GD, Ussher JR, CD Folmes, 
Jaswal JS, Stanley WC Myocardial fatty 
acid metabolism in health and disease. 
Physiol Rev. 2010;90:207-258. 

9. Fillmore N, Mori J, Lopaschuk GD. 
Mitochondrial fatty acid oxidation 
alterations in heart failure, ischaemic heart 
disease and diabetic cardiomyopathy. 
British Journal of Pharmacology. 2014;171: 
2080-2090. 

10. Grynberg A. Modification of energetic 
metabolism in diabetics. Diabetes Metab. 
2001;27:4S12-4S19.  

11. Stanley WC, Recchia FA, Lopaschuk GD. 
Myocardial substrate metabolism in the 
normal and failing heart. Physiol Rev. 
2005;85:1093-1129. 

12. Van Bilsen M, Van Nieuwenhoven FA, and 
Van der Vusse GJ. Metabolic remodelling 
of the failing heart: Beneficial or 
detrimental? Cardiovascular Research. 
2009;81:420-428. 

13. Garnier A, Fortin D, Delomenie C, Momken 
I, Veksler V, Ventura Clapier R. Depressed 
mitochondrial transcription factors and 
oxidative capacity in rat failing cardiac and 
skeletal muscles. J Physiol. 2003;551: 
491-501. 

14. Javadov S, Purdham DM, Zeidan A, 
Karmazyn M. NHE-1 inhibition improves 
cardiac mitochondrial function through 
regulation of mitochondrial biogenesis 
during postinfarction remodeling. Am J 
Physiol Heart Circ Physiol. 2006;291: 
H1722-H1730. 

15. Nojiri H, Shimizu T, Funakoshi M, 
Yamaguchi O, Zhou H, Kawakami S et al. 
Oxidative stress causes heart failure with 
impaired mitochondrial respiration. J Biol 
Chem. 2006;281:33789-33801. 

16. Sanbe A, Tanonaka K, Kobayasi R, Takeo 
S. Effects of long-term therapy with ACE 
inhibitors, captopril, enalapril and 
trandolapril, on myocardial energy 
metabolism in rats with heart failure 
following myocardial infarction. J Mol Cell 
Cardiol. 1995;27:2209-2222. 

17. Javadov S, Huang C, Kirshenbaum L, 
Karmazyn M. NHE-1 inhibition improves 
impaired mitochondrial permeability 
transition and respiratory function during 
post infarction remodeling in the rat. J Mol 
Cell Cardiol. 2005;38:135-143. 

18. Rosca MG, Vazquez EJ, Kerner J, Parland 
W, Chandler MP, Stanley W, et al. Cardiac 



 
 
 
 

Kunyima et al.; CA, 8(2): 1-8, 2019; Article no.CA.48908 
 
 

 
7 
 

mitochondria in failure: Decrease in 
respirasomes and oxidative 
phosphorylation. Cardiovasc Res. 2008; 
80:30-39. 

19. Sochor H, Schelbert HR, Schwaiger M, 
Henze E, Phelps ME. Studies of fatty acid 
metabolism with positron emission 
tomography in patients with 
cardiomyopathy. Eur J Nucl Med. 1986; 
12:S66-S69. 

20. Tadamura E, Kudoh T, Hattori N, Inubushi 
M, Magata Y, Konishi J, et al. Impairment 
of BMIPP uptake of abnormalities in 
oxygen and glucose metabolism in 
hypertrophic cardiomyopathy. J Nucl Med. 
1998;39:390-396. 

21. Davila-Roman VG, Vedala G, Herrero P, 
Las Fuentes L, JG Rogers, Kelly DP, et al. 
Altered myocardial fatty acid and glucose 
metabolism in idiopathic dilated 
cardiomyopathy. J Am Coll Cardiol. 2002; 
40:271-277. 

22. Lisa de las F, Herrero P, Peterson LR, 
Kelly DP, Gropler RJ, Davila-Roman VG. 
Myocardial fatty acid metabolism: 
Independent predictor of left ventricular 
mass in hypertensive heart disease. 
Hypertension. 2003;41:83-87. 

23. Recchia FA, Mc Connell PI, Bernstein RD, 
TR Vogel, Xu X, Hintze TH. Reduced nitric 
oxide production and altered myocardial 
metabolism during the decompensation of 
pacing-induced heart failure in the 
conscious dog. Circ Res. 1998;83:969-
979. 

24. Osorio JC, Stanley WC, Linke A, Castellari 
M, Diep QN, Panchal AR, et al. Impaired 
myocardial fatty acid oxidation and 
reduced protein expression of retinoid X 
receptor-alpha in pacing-induced heart 
failure. Circulation. 2002;106:606-612. 

25. Lei B, Lionetti V, Young ME, Chandler MP, 
Agostino C, Kang E, et al. Paradoxical 
downregulation of the glucose oxidation 
pathway despite enhanced flux in severe 
heart failure. J Mol Cell Cardiol. 2004;36: 
567-576. 

26. Allard MF, Schonekess BO, Henning SL, 
English DR, Lopaschuk GD. Contribution 
of oxidative metabolism and glycolysis to 
ATP production in hypertrophied hearts. 
Am J Physiol. 1994;267:H742-H750. 

27. El Alaoui-Talibi Z, Landormy S, Loireau A, 
Moravec J. Fatty acid oxidation and 
mechanical performance of volume-
overloaded rat hearts. Am J Physiol. 1992; 
262:H1068-H1074. 

28. Christe ME, Rodgers RL. Altered glucose 
and fatty acid oxidation in the hearts of the 
spontaneously hypertensive rat. J Mol Cell 
Cardiol. 1994;26:1371-1375. 

29. El Alaoui-Talibi Z, Guendouz A, Moravec 
M, Moravec J. Control of oxidative 
metabolism in volume-overloaded rat 
hearts: Effect of propionyl-L-carnitine. Am 
J Physiol. 1997;272:H1615-H1624. 

30. Akki A, Smith K, Seymour AM. 
Compensated cardiac hypertrophy is 
characterized by a decline in palmitate 
oxidation. Mol Cell Biochem. 2008;311: 
215-224. 

31. Neglia D, Caterina A, Marraccini P, Natali 
A, Ciardetti M, Vecoli C, et al. Impaired 
myocardial metabolic reserve and 
substrate selection flexibility during stress 
in patients with idiopathic dilated 
cardiomyopathy. Am J Physiol Heart Circ 
Physiol. 2007;293:H3270-H3278. 

32. Uehara T, Ishida Y, Hayashida K, 
Shimonagata T, Miyake Y, Sago M,                 
et al. Myocardial glucose metabolism in 
patients with hypertrophic cardiomyopathy: 
assessment by F-18-FDG PET study. Ann 
Nucl Med. 1998;12:95-103. 

33. Young ME, FA Laws, Goodwin GW, 
Taegtmeyer H. Reactivation of peroxisome 
proliferator-activated receptor is 
associated with contractile dysfunction in 
hypertrophied rat heart. J Biol Chem. 
2001; 276:44390-44395. 

34. Degens H, Brouwer K, Gilde A, Lindhout 
M, Willemsen P, Janssen B, et al. Cardiac 
fatty acid metabolism is preserved in the 
compensated hypertrophic rat heart. Basic 
Res Cardiol. 2006;101:17-26. 

35. Rickenbacher P. Heart failure: 
Epidemiology, pathophysiology. Swiss 
Medical Forum; 2001. 

36. Abraham WT, Hayes DL. Cardiac 
resynchronization therapy for heart failure. 
Circulation. 2003;108:2596-603. 

37. Schukraft S, Burri H. Update indications to 
resynchronization therapy in the cardiac 
insufficiency. Rev Med Switzerland. 2014; 
10:1192-6. 

38. Ingrid Montes, Chunqiu Lai, David 
Sanabria. Like dissolves like: A guided 
inquiry experiment for organic chemistry. J 
Chem Educ. 2003;80(4):447. 

39. American Society of Anesthesiologists. 
Implantable devices for patients with 
cardiac implantable electronic devices: 
Pacemakers and implantable cardioverter-



 
 
 
 

Kunyima et al.; CA, 8(2): 1-8, 2019; Article no.CA.48908 
 
 

 
8 
 

defibrillators. Anesthesiology. 2011;114: 
247-61. 

40. Bergamin C, Graf D. Magnet, pacemaker 
and defibrillator: Fatal attraction? Rev Med 
Switzerland. 2015;11:1185-91. 

41. John Emsley. Nature's building blocks: An 
A-Z guide to the elements, Oxford, 
England, Oxford University Press. 2001; 
297-304. 

42. Shakhashiri BZ. Chemical demonstrations: 
A handbook for teachers of chemistry. 
University of Wisconsin Press. England. 
1985;2. 

43. Hilton M. Weiss. "Appreciating oxygen". J 
Chem Educ. 2008;85(9):1218–1219.  

44. Jakubowski, Henry. "Chapter 8: Oxidation-
Phosphorylation, the Chemistry of Di-
Oxygen". Biochemistry Online. Saint 
John's University.  Washington, D.C.: 
Joseph Henry Press.  
(Retrieved January 28, 2008) 

45. Liu Q, Docherty JC, Rendell JCT, 
Clanachan AS, Lopaschuk GD. High levels 
of fatty acids delay the recovery of 
intracellular pH and cardiac efficiency in 
post-ischemic hearts by inhibiting glucose 
oxidation. J Am Coll Cardiol. 2002;39:718-
725. 

46. Ussher JR, Wang W, Gandhi M, Keung W, 
Samokhvalov V, Oka T, et al. Stimulation 
of glucose oxidation protects against acute 
myocardial infarction and reperfusion 
injury. Cardiovasc Res. 2012b;94:359-369. 

47. Klotz S. Magnetism: Oxygen in all its 
states! Institute of Mineralogy and Physics 
of condensed media. Zoom Science; 2010. 

48. Xu KY, Zweier JL, Becker LC. Functional 
coupling between glycolysis and 
sarcoplasmic reticulum calcium transport. 
Circ Res. 1995;77:88-97. 

49. Zima AV, Kockskamper J, Blatter LA. 
Cytosolic energy reserves determine the 
effect of glycolytic sugar phosphates on 

sarcoplasmic reticulum Ca2+ release in cat 
ventricular myocytes. J. Physiol. 2006; 
577:281-293. 

50. Aromolaran AS, Zima AV, Blatter LA. Role 
of glycolytically generated ATP for CaMKII-
mediated regulation of intracellular Ca

2+
 

signaling in bovine vascular endothelial 
cells. Am J Physiol Cell Physiol. 2007;293: 
C106-C118. 

51. Dhar-Chowdhury P, Malester B, Rajacic P, 
Coetzee W. The regulation of ion channels 
and transporters by glycolytically derived 
ATP. Cell Mol Life Sci. 2007;64:3069-
3083. 

52. Lahbib A, Ghodbane S, Sakly M, 
Abdelmelek H. Vitamins and   glucose   
metabolism: The role of static   magnetic 
fields. Int J Radiat Biol. 2014;90(12):       
1240-5.   

53. Wang H and Zhang X. Magnetic Fields and 
Reactive Oxygen Species. Int J Mol Sci. 
2017;18(10):2175. 

54. Buchanan J, Mazumder PK, Hu P, 
Chakrabarti G, MW Roberts, Yun UJ, et al. 
Reduced cardiac efficiency and altered 
substrate metabolism precedes the onset 
of hyperglycemia and contractile 
dysfunction in two mouse models of insulin 
resistance and obesity. Endocrinology. 
2005;146:5341-5349. 

55. Zhang L, Keung W, Samokhvalov V, Wang 
W, Lopaschuk GD. Role of fatty acid 
uptake and fatty acid beta-oxidation in 
mediating insulin-resistance in heart and 
skeletal muscle. Biochim Biophys Acta. 
2010;1801:1-22. 

56. Ussher JR, Folmes CD, Keung W, Fillmore 
N, Jaswal JS, Cadet VJ, et al. Inhibition of 
serine palmitoyl transferase I reduce 
cardiac ceramide levels and increases 
glycolysis rates following diet-induced 
insulin-resistance. PLoS One. 2012a;7: 
e37703. 

_________________________________________________________________________________ 
© 2019 Kunyima et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle3.com/review-history/48908 


