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Abstract

A review of data on the mechanisms of formation of the pool of
free amino acids in cardiovascular insufficiency and methods for cor-
recting of metabolic imbalance..
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Introduction

The relevance of studies on the role of amino acids in the patho-
genesis, prevention and treatment of cardiovascular insufficiency
(CV]) is primarily due to the significant practical results of the use
of highly purified substances of this class of compounds and their
compositions in the treatment of cardiovascular pathology [1-7].

At the same time, the most significant number of applied research
is devoted to the search for marker amino acids or their derivatives
for the diagnosis of heart and vascular diseases [8-12]. It has been
convincingly demonstrated that elimination or correction of chang-
es in intermediate metabolism can be achieved by using individual
amino acids and their derivatives, or by combining them as univer-
sal natural bioregulators - compounds that directly affect the mecha-
nisms of myocardial cell metabolism in physiological concentrations
To date, there is evidence of the importance of amino acids not only
as building blocks for protein synthesis, but also regulators of gene
expression at the level of mRNA translation by the mTOR-dependent
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mechanism, signaling molecules and modifiers of biological respons-
es, as well as precursors of a wide range of bioregulators that play a
key role in integration of the main metabolic flows in vascular pathol-
ogy [13-18].

The human heart uses a large amount of free amino acids as reg-
ulators of both myocardial protein metabolism and as substrates for
energy metabolism. The dependence of the myocardium on the amino
acid fund of the heart increases in heart failure due to the high ac-
tivity of anabolism in the myocardium and a lack of energy for car-
diomyocytes. Anabolic reactions in the heart are dependent on the
oxidation of fatty acids, amino acids and glucose. So, normally, the
functional activity of the Krebs cycle (TCAC) largely depends on the
concentration of amino acids. Free amino acids stimulate the energy
of mitochondria under anaerobic conditions, and also contribute to the
substrate supply of TCAC [19-22].

Essential to the availability of amino acids is that their uptake by
the myocardium depends solely on their arterial levels. The content of
branched chain amino acids (BCAA - Ile, Leu, Val) in the myocardi-
um is the most important activator of anabolism in the heart, the level
of which does not depend on insulin. A slight increase in the concen-
tration of “arterial” amino acids leads to a significant increase in their
absorption by the myocardium. In heart failure, the arterial pool of
free aromatice amino acids (AAA- Tyr, Phe), which is the determin-
ing factor in the absorption of amino acids by the myocardium. Thus,
in patients with CVI, arterial levels of amino acids were reduced and
associated with the severity of chronic heart failure and left ventricu-
lar dysfunction. Therefore, amino acids are now becoming more and
more widely used in practice as cardioprotective substances, promot-
ing metabolism in the heart under anaerobic conditions and hypoxia
[23-27].

Comparative assessment and interpretation of changes in the pool
of free amino acids at different stages of cardiovascular failure and
in the dynamics of its treatment are devoted to only a few works. At
the same time, the question of the informativeness of the established
changes in the levels of individual amino acids and their significance
in comparison with other clinical and biochemical criteria remains
practically unclear. The problem of the choice of individual amino
acids in the used “aminosols” for the targeted correction of metabol-
ic imbalance in cardiac and vascular pathology remains unsolved.
The importance of amino acids in the regulation of the functions of
pathological conditions (vasoaterogenesis, arterial thrombosis) of the
cardiovascular system has been convincingly established in a number
of studies. The decrease in plasma lipid levels under the action of
glycine and its derivatives, the positive effect of cystine and aspartate
in patients with hyperlipidemia, the hypolipidemic effect of arginine,
characterized by a decrease in LDL low density lipids levels and an
increase in HDL (high density lipids levels) in plasma, has been re-
peatedly described [28].

High concentrations of amino acids and their derivatives in plate-
lets have been demonstrated, upon activation of which the agonist
binds to a specific receptor to form a complex, thereby transmitting an
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energy signal to the cell that activates phosphatase and mobilizes ion-
ized calcium from the dense tubular system. A study of the amino acid
sequences of glycoprotein receptor polypeptides that specifically bind
hemocoagulation substrates has shown the ability to inhibit platelet
aggregation, adhesion, and thrombus formation with synthetic and
natural (snake venom) polypeptides containing arginine, glycine, va-
line and asparagine [29].

The role of free amino acids in the processes of tissue ischemia
tolerance and post-ischemic recovery deserves special attention. The
protective effect of BCAA in the myocardium is manifested in main-
taining contractility, levels of macroergs (ATP, creatinine phosphate),
normalization of aortic and coronary blood flow, cardiac output and
cardiac input. BCAA activate the production of catabolites of the
adenine system during postischemic reperfusion and the utilization
of administered amino acids to high-energy substrates of TCAC and
promotes the restoration of the functional capabilities of smooth mus-
cle structures [30].

It is well known that the heart is “metabolically omnivorous” be-
cause it is able to actively oxidize fatty acids, glucose, ketone bod-
ies, pyruvate, lactate, amino acids, and even its structural proteins
(in decreasing order of preference). The energy of these substrates
provides not only mechanical contraction, but also the operation of
various transmembrane pumps and transporters required to maintain
ion homeostasis, electrical activity, metabolism, and myocardial ca-
tabolism. Cardiac ischemia and the resulting coronary and heart fail-
ure alter both the electrical and metabolic activity of the myocardium.
The effects of ischemia on metabolic preference for substrates are
poorly understood, although hypoxia during ischemia significantly
alters the relative selectivity of the heart in the use of different sub-
strates. Metabolic changes in case of heart rhythm disturbances are
the main component of cardiac myopathies. At the same time, the
potential contribution of amino acids to the maintenance of cardiac
electrical conduction and stability during ischemia is underestimated.
Despite clear evidence that amino acids have a cardioprotective effect
in ischemia and other cardiac disorders, their role in the metabolism
of the ischemic heart has not yet been fully elucidated [30-32].

Studies on the determination of taurine and a number of amino
acids prevailing in the myocardium (glutamate, aspartate, glutamine
and asparagine) in coronary insufficiency showed their differences
in content in the left and right ventricles in coronary insufficiency.
Comparison of the levels of these amino acids in aortic stenosis and
coronary heart disease in myocardial biopsies showed higher concen-
trations of taurine in the left ventricle in both situations [33]. With
pronounced, progressive cardiosclerosis in the myocardium of rab-
bits, the content of phenylalanine and tyrosine increased, which was
also found in patients with coronary heart disease, and the degree of
increase in the level of amino acids varied depending on the clinical
forms of coronary atherosclerosis (angina pectoris of various func-
tional classes, myocardial infarction).

The antiatherogenic properties of the derivative of sulfur-contain-
ing amino acids taurine (Tau) are due to the fact that the synthesis
of taurocholates promotes the absorption of lipids, lipolysis, and the
absorption of fatty acids in the intestine. On the other hand, the conju-
gation of taurine with bile acids affects the elimination of cholesterol
from the body and thereby controls cholesterogenesis in atheroscle-
rosis [34]. It is possible that the high level of taurocholates in some
mammalian species (rats) makes it difficult to model experimental
atherosclerosis, because the exchange rate of bile acids is increased
due to the formation of choliltaurine.
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Sulfur containing amino acids (SAA) are recognized as one of
the most potent lipid metabolism modulators among the amino acids.
SAA has been shown to act on HDL (high density lipoprotein) cho-
lesterol levels and reduce LDL (low density lipoprotein) lipoprotein.
So, SAA have some beneficial effects in atherosclerosis and related
diseases (metabolic syndrome) [35].

The relative availability of SAA, as well as their amount in dietary
proteins, determine lipid metabolism. Although it is not complete-
ly clear how SAAs affect gene expression and lipid metabolism at
the molecular level, it has been shown that SAAs affect metabolism
through the activation of transcription and post-translational modifi-
cation of a number of regulatory proteins [36].

Amino acids arginine and glycine induce a decrease, lysine and
BCAA an increase in serum cholesterol levels. It has been hypothe-
sized that the control of cholesterol by insulin and glucagon is regulat-
ed by dietary and endogenous amino acids. So the insulin / glucagon
ratio has been proposed as an early metabolic index of the effect of
dietary proteins on serum cholesterol levels, a risk factor and a gen-
eral mechanism by which nutritional factors influence the develop-
ment of atherosclerosis and cardiovascular disease [28-40]. Recently,
new evidence has been obtained for the participation of amino acids
in the pathogenesis of CVF. For example, glutamate and aspartate
are components of the malate / aspartate shunt and their concentra-
tions control the rate of mitochondrial oxidation of glycolytic NADH.
Glutamate also controls the rate of urea synthesis, not only as a pre-
cursor of ammonia and aspartate, but as a substrate for the synthesis
of N-acetylglutamate, an essential activator of carbamoyl phosphate
synthase. This mechanism makes it possible to regulate the synthesis
of urea at a relatively constant concentration [37].

Certain amino acids (leucine) stimulate protein synthesis and
inhibit autophagic protein degradation regardless of changes in cell
volume, since they stimulate mTOR and protein kinase, which is one
of the components of insulin signal transduction. In the case of low
energy supply to cells, stimulation of mTOR with amino acids is in-
hibited by activation of cAMP-dependent protein kinase. Amino ac-
id-dependent signaling also promotes B-cell insulin production. This
stimulates the anabolic action of amino acids [38].

In relation to coronary heart disease, a special role is played by
disturbances in the formation of methionine, leading to the accu-
mulation of its precursor, homocysteine, in the blood and urine. Ex-
amination and treatment of patients with homocysteinuria revealed
early and active development of atherosclerosis in young patients:
hyperhomocyst(e)inemia is a significant risk factor for the develop-
ment of atherosclerosis and coronary heart disease. Clinical studies
have revealed a significant effect of methionine on the proliferation
of smooth muscle cells, followed by vascular endothelial dysfunc-
tion and the development of arterial hypertension with a high risk of
thrombosis.

Lysine is involved in the formation of collagen, strengthening the
vascular wall, in the formation of carnitine, promotes the utilization
of fatty acids for the energy potential of cells and the preservation of
the body’s immune reactivity. When the walls of the arteries rupture,
collagen filaments, connected to each other by lysine, separate and
protrude into the lumen of the vessels, like the remains of lysine, and
are washed by circulating blood. Lipoprotein A, a specific form of
cholesterol present in the bloodstream, has receptors for lysine, binds
to it and penetrates into the intima of the vessels, thus triggering the
generation of hydrogen peroxide and superoxide radicals [39].
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Arginine, a semi-essential amino acid, serves as a precursor of ni-
tric oxide, which affects platelet aggregation and adhesion, decreasing
the ability to thrombus formation and decreasing vascular reactivity
of atherosclerotic arteries and promotes collagen formation in the ves-
sel walls [24]. In the blood plasma of patients with endothelial dis-
ruption in atherosclerosis, the levels of citrate, GABA, glutamate and
cysteine were significantly different in comparison with myocardial
ischemia in the content of glutamate and phenylalanine. On this basis,
a differential diagnosis of aortic injury with ischemic heart disease is
considered possible. Arginine is widely used as an antihypertensive
drug and prophylactic drug [40].

The development and progression of atherosclerosis, which ulti-
mately leads to cardiovascular disease, is causally related to hyper-
cholesterolemia. Mechanistically, the interaction between lipids and
the immune system during the progression of atherosclerotic plaques
contributes to the chronic inflammation seen in the artery wall during
atherosclerosis. Localized inflammation and increased cell-cell com-
munication can affect the polarization and proliferation of immune
cells through changes in amino acid metabolism. In particular, the
amino acids L-arginine (Arg), L-homoarginine (hArg), and L-tryp-
tophan (Trp) have been extensively studied in the context of cardio-
vascular disease and have been shown to act as key regulators of vas-
cular homeostasis, similar to the functions of immune cells. Cyclic
effects between endothelial cells, innate and adaptive immune cells
occur when the metabolism of Arg, hArg and Trp changes, which has
a significant effect on the development of atherosclerosis. Thus, the
metabolism and biological functions of Arg, L-homoarginine, and Trp
make it possible to reasonably use them for the therapy of atheroscle-
rosis [41].

It has been proven that free amino acids, especially BCAAs, have
significant regulatory functions in the processes of protein synthesis.
Thus, recent studies have shown that BCAA protect the cardiovascu-
lar system from the metabolic consequences of ischemia / reperfusion
(I/R). The authors investigated the signaling pathways and functions
of mitochondria, as well as the levels of BCAAs that influence the
listed processes [30]. Thus, the in vivo I/ R damage model was tested
in controls, mTOR +/+ and mTOR +/-. The mice received BCAA,
rapamycin, or BCAA + rapamycin. In addition, isolated cardiomy-
ocytes were subjected to modeling ischemia with a quantitative as-
sessment of their death. The degree of mitochondrial swelling was
also assessed. In mice treated with BCAAs, there was a significant
reduction in the size of the infarction. In addition, BCAAs prevent
mitochondrial swelling, which was controlled by the addition of rapa-
mycin. BCAAs significantly retained cell viability. Thus, BCAAs are
protective against I / R myocardial injury, in which mTOR plays an
important role [30].

Summarizing, it should be noted that the use of amino acid prepa-
rations for pathology of the heart and blood vessels is rational, and
the strategy for their use should be based on the elimination of the
existing amonic acid imbalance in this disease, correction of the pool
of free sulfur-containing amino acids, including the use of taurine,
arginine and lysine, angio- and cardioprotective properties of which
should be considered sufficiently reasonable and promising. Our
proposed methodology for the development of formulations of new
multicomponent infusion solutions based on amino acids and relat-
ed compounds, intended for the correction of metabolic imbalance
arising in cardiovascular diseases, is based on the application of the
results of studying the patterns of formation of the amino acid pool
in biological fluids and human tissues with pathology of the cardio-
vascular system.

J Hematol Blood Transfus Disord ISSN: 2572-2999, Open Access Journal

References

1. Aquilani R, Rovere MTL, Corbellini D, Pasini E, Verri M, et al. (2017)
Plasma Amino Acid Abnormalities in Chronic Heart Failure. Mechanisms,
Potential Risks and Targets in Human Myocardium Metabolism Nutrients
9: 1251.

2. Amino Acids and Their Derivatives (1996) (chemistry, biochemistry, phar-
macology, medicine) ed. L.Nefyodov Proc of Internat.Symp, Grodno125

p.

3. Nefyodov LI, Karavay PA, Karavay NL (2014) Regulatory action of free
amino acids and development on the basis of highly of substances infusion
solutions with pathogenetic deterministic composition. Laboratory diag-
nosis Eastern Europe 3: 111-115.

4. Nefyodov LI (2010) The results of biochemical research and development
of nitrogen-containing compounds of natural origin: methodology of ex-
ploitation of biological properties as universal natural regulators of metab-
olism and drugs.

5. Nefyodov L I(2020) Amino Acid Imbalance in Atherosclerosis, Archives
of Blood Transfusion and Disorders 5: 15-23.

6. Amino Acids (1990) (Chemistry, Biology, Medicine) / Ed. Lubec C.,
Rosental J.A. - N.Y.: Escom, 1196 p.

7. Bender DA (1975) Amino Acid Metabolism. - N.Y.: J. Willey & Sons,
234 p.

8. Vretlind A, Sudgyan A (1990) Clinical nutrition. Stokholm - Moscow: Ka-
bi-Vitrum 355p.

9. Nefyodov LI, Klimovich II, Moroz AR (1991) Statistical analysis of amino
acid pool structure in donors blood plasma Zdravoochranenie Belarusi 11:
10-13.

10. Meijer AJ (2003) Amino Acids as Regulators and Components of Nonpro-
teinogenic Pathways The Journal of Nutrition, 133: 2057-2062.

11. Drake KJ, Sidorov VY, McGuinness OP, Wasserman DH, Wikswo JP
(2012) Amino Acids as Metabolic Substrates during Cardiac Ischemia Exp
Biol Med (Maywood) 237: 1369-78.

12. Wang L, Liu S, Yang W, Yu H, Zhang L, et al. (2017) Plasma Amino
Acid Profile in Patients with Aortic Dissection Scientific Reports 7, Arti-
cle number: 40146.

13. Nefyodov LI (2010) The results of biochemical research and development
of nitrogen-containing compounds of natural origin: methodology of ex-
ploitation of biological properties as universal natural regulators of metab-
olism and drugs.

14. Biological activity and transport of drugs (1999) ed. L. Nefyodov Proc of
Internat.Symp. Grodno 189 p.

15. VI Ordinary General Assembly Society of Biochemistry of Belarus (2000)
ed. L. Nefyodov Proc of Internat. Symp, Grodno 225 p.

16. Amino acids and their derivatives in biology and medicine (2001) ed. L.
Nefyodov Proc of Internat. Symp, Grodno 124 p.

17. Nefyodov LI (2001) Target - oriented regulation of metabolic equilibrium
by amino acids and strategy of their application as drugs with directional
effects p.327. Meijer A (2003) Amino acids as regulators and components
of nonproteinogenic pathways. 133: 2057-2062.

18. Bruhat A, Cherasse Y, Chaveroux C, Jousse C, Fafournoux P, et al. (2009)
Amino acids as regulators of gene expression in mammals: molecular
mechanisms 35: 249-257.

19. Karavay PA (2016) Amino acids in Metabolomics: Perspective for the Use
of Regulatory effects of Fee Amino Acids in the Creation on their Basis of
Infusion Solutions International Journal of Hematology & Therapy 2: 1-2.

20. Nefyodov LI (1992) Biological activity of taurine (review) Vesti AN
BSSR 3: 99-106.

Volume 9 « Issue 1 « 100028

DOI: 10.24966/HBTD-2999/100028



D:\Sindhu\PDFs\Articles\2022\Herald\04 Apr\HBTD\HBTD-22-001\10.24966\HBTD-2999\100028
https://www.ncbi.nlm.nih.gov/pubmed/?term=La%20Rovere%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=29140312
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corbellini%20D%5BAuthor%5D&cauthor=true&cauthor_uid=29140312
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pasini%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29140312
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verri%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29140312
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5707723/
https://www.longdom.org/proceedings/regulatory-effects-of-free-amino-acids-and-development-on-the-basis-of-their-highpurity-substances-infusion-solutions-with-pathogenetic-deterministic--25807.html
https://www.longdom.org/proceedings/regulatory-effects-of-free-amino-acids-and-development-on-the-basis-of-their-highpurity-substances-infusion-solutions-with-pathogenetic-deterministic--25807.html
https://www.longdom.org/proceedings/regulatory-effects-of-free-amino-acids-and-development-on-the-basis-of-their-highpurity-substances-infusion-solutions-with-pathogenetic-deterministic--25807.html
https://www.longdom.org/proceedings/regulatory-effects-of-free-amino-acids-and-development-on-the-basis-of-their-highpurity-substances-infusion-solutions-with-pathogenetic-deterministic--25807.html
https://nil.grsu.by/index.php?page=index
https://nil.grsu.by/index.php?page=index
https://nil.grsu.by/index.php?page=index
https://nil.grsu.by/index.php?page=index
https://openaccesspub.org/ijn/article/1264
https://openaccesspub.org/ijn/article/1264
https://medlineplus.gov/ency/article/002222.htm
https://medlineplus.gov/ency/article/002222.htm
https://academic.oup.com/jn/article/133/6/2057S/4688224
https://academic.oup.com/jn/article/133/6/2057S/4688224
https://pubmed.ncbi.nlm.nih.gov/23354395/
https://pubmed.ncbi.nlm.nih.gov/23354395/
https://pubmed.ncbi.nlm.nih.gov/23354395/
https://pubmed.ncbi.nlm.nih.gov/28071727/
https://pubmed.ncbi.nlm.nih.gov/28071727/
https://pubmed.ncbi.nlm.nih.gov/28071727/
https://nil.grsu.by/index.php?page=index
https://nil.grsu.by/index.php?page=index
https://nil.grsu.by/index.php?page=index
https://nil.grsu.by/index.php?page=index
https://pubmed.ncbi.nlm.nih.gov/12771365/
https://pubmed.ncbi.nlm.nih.gov/12771365/
https://pubmed.ncbi.nlm.nih.gov/12771365/
https://pubmed.ncbi.nlm.nih.gov/12771365/
https://pubmed.ncbi.nlm.nih.gov/19415732/
https://pubmed.ncbi.nlm.nih.gov/19415732/
https://pubmed.ncbi.nlm.nih.gov/19415732/
https://www.ommegaonline.org/article-details/Amino-Acids-in-Metabolomics-Perspective-for-the-Use-of-Regulatory-Effects-of-Free-Amino-Acids-in-the-Creation-on-their-Basis-of-Infusion-Solutions/850
https://www.ommegaonline.org/article-details/Amino-Acids-in-Metabolomics-Perspective-for-the-Use-of-Regulatory-Effects-of-Free-Amino-Acids-in-the-Creation-on-their-Basis-of-Infusion-Solutions/850
https://www.ommegaonline.org/article-details/Amino-Acids-in-Metabolomics-Perspective-for-the-Use-of-Regulatory-Effects-of-Free-Amino-Acids-in-the-Creation-on-their-Basis-of-Infusion-Solutions/850

Citation: Karavay PA, Tabola PI, Nefyodov LI (2022) Correction of Metabolic Imbalance and Formation of Amino Acid Pool in Cardiovascular Pathology (Re-
view), ] Hematol Blood Transfus Disord 9: 028.

e Page 4 of 4 o

2

—_

. Nefyodov LI (1990) Taurine metabolism in mammals (review) Vesti AN~ 32. Mann GE, Yudilevich DL, Sobrevia L (2003) Regulation of Amino Acid
BSSRn 5: 99-106. and Glucose Transporters in Endothelial and Smooth Muscle Cells Physiol

Rev 83: 183-252.
22. Patel RP, Levonen A, Crawford JH, Darley-Usmar VM (2000) Mecha-

nisms of the pro- and anti-oxidant actions of nitric oxide in atherosclero- 55

sis. Cardiovasc Res 47 465-74. . Selhub J, Troen AM (2016) Sulfur amino acids and atherosclerosis: a role

for excess dietary methionine Ann N'Y Acad Sci 1363:18-25.

23. Zalba G, Beaumont J, San Jose G, Fortuno A, Fortuno MA, et al. (2000)
Vascular oxidant stress: molecular mechanisms and pathophysiological ~ 34. Nitz K, Lacy M, Atzler D (2019) Amino Acids and Their Metabolism in

implications. J Physiol Biochem 56: 57-64. Atherosclerosis /Arteriosclerosis, Thrombosis, and Vascular Biology 39:
319-330.
24. Aziz M, Yadav KS (2016) Pathogenesis of Atherosclerosis. Med Clin Rev
2:22. 35. Satomi S, Morio A, Miyoshi H, Nakamura R, Tsutsumi R, et al. (2020)
25. Lewis M, Littlejohns B, Lin H, Angelini GD, Saadeh M (2014) Suleiman Branched-chain amino acids-induced cardiac protection against Ischemia/

Cardiac taurine and principal amino acids in right and left ventricles of reperfusion injury.Life Sciences 245: 117368.

patients with either aortic valve stenosis or coronary artery disease: the
importance of diabetes and gender 3: 523. 36. Nefyodov LT (1999) (biochemistry, pharmacology, medical application)
Grodno RIPH 145 p.
26. Birsheim E, Quynh-Uyen TB, Tissier S, Cree MG, Rumsen O, et al. (2009)
Amino acid supplementation decreases plasma and liver triglycerides in 37, Nefyodov LI (1993) Formation of the fund of free amino acids and their
elderly Nutrition. 25: 281-288. derivatives in conditions of metabolic imbalance: ... dis. doct. honey. Sci-

27. Oda H (2006) Functions of Sulfur-Containing Amino Acids in Lipid Me- ences: 03.00.04 L.I. Nefyodov; Belar:State Univ Minsk 264 p.

tabolism The Journal of Nutrition, 136: 1666-1669. . . .
38. Meijer AJ (2003) Amino Acids as Regulators and Components of Nonpro-

28. Kothandam H, Biradugadda P, Maganti B, Keerthi T, Vegunta B, et al. teinogenic Pathways The Journal of Nutrition, 133: 2057-2062.
(2012) “Taurine: A Key Amino Acid in the Drug Discovery” - A Review
Asian Journal of Biomed. & Pharmaceut. Sciences 2: 21-27. 39. Drake KJ, Sidorov VY, McGuinness OP, Wasserman DH, Wikswo JP
. . . (2012) Amino Acids as Metabolic Substrates during Cardiac Ischemia Ex-
29. Sanchez A, Hubbard RW (1991) Plasma Amino Acids and the Insulin/ pBiol Med (Maywood).

Glucagon Ratio as an Explanation for the Dietary Protein Modulation of

Atherosclerosis Medical Hypothesis 36: 27-32 40. Lewis M, Littlejohns B, Lin H, Angelini GD, M-Saadeh S (2014) Cardiac

30. Ma LL, Ji GY, Jiang ZQ (2014) Influence of Dietary Amino Acid Profile taurine and principal amino acids in right and left ventricles of patients
on Serum Lipids in Hypercholesterolemic Chinese Adults. J Nutr Food with either aortic valve stenosis or coronary artery disease: the importance
Sci 4:258. of diabetes and gender 3:523.

31. Holetek M (2018) Branched-chain amino acids in health and disease:  41. Oda H (2006) Functions of Sulfur-Containing Amino Acids in Lipid Me-

metabolism, alterations in blood plasma, and as supplements Nutrition & tabolism The Journal of Nutrition, 136: 1666-1669.
Metabolism 15:33.

J Hematol Blood Transfus Disord ISSN: 2572-2999, Open Access Journal Volume 9 « Issue 1 « 100028

DOI: 10.24966/HBTD-2999/100028


D:\Sindhu\PDFs\Articles\2022\Herald\04 Apr\HBTD\HBTD-22-001\10.24966\HBTD-2999\100028
https://pubmed.ncbi.nlm.nih.gov/10963720/
https://pubmed.ncbi.nlm.nih.gov/10963720/
https://pubmed.ncbi.nlm.nih.gov/10963720/
https://pubmed.ncbi.nlm.nih.gov/10879682/
https://pubmed.ncbi.nlm.nih.gov/10879682/
https://pubmed.ncbi.nlm.nih.gov/10879682/
https://www.researchgate.net/publication/309301122_Pathogenesis_of_Atherosclerosis_A_Review
https://www.researchgate.net/publication/309301122_Pathogenesis_of_Atherosclerosis_A_Review
https://springerplus.springeropen.com/track/pdf/10.1186/2193-1801-3-523.pdf
https://springerplus.springeropen.com/track/pdf/10.1186/2193-1801-3-523.pdf
https://springerplus.springeropen.com/track/pdf/10.1186/2193-1801-3-523.pdf
https://springerplus.springeropen.com/track/pdf/10.1186/2193-1801-3-523.pdf
https://pubmed.ncbi.nlm.nih.gov/19041223/
https://pubmed.ncbi.nlm.nih.gov/19041223/
https://pubmed.ncbi.nlm.nih.gov/19041223/
https://www.alliedacademies.org/articles/taurine-a-key-amino-acid-in-the-drug-discovery--a-review.pdf
https://www.alliedacademies.org/articles/taurine-a-key-amino-acid-in-the-drug-discovery--a-review.pdf
https://www.alliedacademies.org/articles/taurine-a-key-amino-acid-in-the-drug-discovery--a-review.pdf
https://pubmed.ncbi.nlm.nih.gov/1943885/
https://pubmed.ncbi.nlm.nih.gov/1943885/
https://pubmed.ncbi.nlm.nih.gov/1943885/
https://www.longdom.org/open-access/influence-of-dietary-amino-acid-profile-on-serum-lipids-in-hypercholesterolemic-chinese-adults-2155-9600.1000258.pdf
https://www.longdom.org/open-access/influence-of-dietary-amino-acid-profile-on-serum-lipids-in-hypercholesterolemic-chinese-adults-2155-9600.1000258.pdf
https://www.longdom.org/open-access/influence-of-dietary-amino-acid-profile-on-serum-lipids-in-hypercholesterolemic-chinese-adults-2155-9600.1000258.pdf
https://nutritionandmetabolism.biomedcentral.com/track/pdf/10.1186/s12986-018-0271-1.pdf
https://nutritionandmetabolism.biomedcentral.com/track/pdf/10.1186/s12986-018-0271-1.pdf
https://nutritionandmetabolism.biomedcentral.com/track/pdf/10.1186/s12986-018-0271-1.pdf
https://journals.physiology.org/doi/full/10.1152/physrev.00022.2002
https://journals.physiology.org/doi/full/10.1152/physrev.00022.2002
https://journals.physiology.org/doi/full/10.1152/physrev.00022.2002
https://www.ncbi.nlm.nih.gov/pubmed/?term=Selhub%20J%5BAuthor%5D&cauthor=true&cauthor_uid=26647293
https://www.ncbi.nlm.nih.gov/pubmed/26647293
https://www.ahajournals.org/doi/abs/10.1161/ATVBAHA.118.311572
https://www.sciencedirect.com/science/article/abs/pii/S0024320520301156?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0024320520301156?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0024320520301156?via%3Dihub
https://www.oatext.com/pdf/IMM-3-245.pdf
https://www.oatext.com/pdf/IMM-3-245.pdf
https://www.oatext.com/pdf/IMM-3-245.pdf
https://academic.oup.com/jn/article/133/6/2057S/4688224
https://academic.oup.com/jn/article/133/6/2057S/4688224
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3816490/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3816490/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3816490/
https://springerplus.springeropen.com/track/pdf/10.1186/2193-1801-3-523.pdf
https://springerplus.springeropen.com/track/pdf/10.1186/2193-1801-3-523.pdf
https://springerplus.springeropen.com/track/pdf/10.1186/2193-1801-3-523.pdf
https://springerplus.springeropen.com/track/pdf/10.1186/2193-1801-3-523.pdf
https://academic.oup.com/jn/article/136/6/1666S/4664451javascript:;
https://academic.oup.com/jn/article/136/6/1666S/4664451javascript:;

Advances In Industrial Biotechnology | ISSN: 2639-5665

Advances In Microbiology Research | ISSN: 2689-694X

Archives Of Surgery And Surgical Education | ISSN: 2689-3126

Archives Of Urology

Archives Of Zoological Studies | ISSN: 2640-7779

Current Trends Medical And Biological Engineering

International Journal Of Case Reports And Therapeutic Studies | ISSN: 2689-310X
Journal Of Addiction & Addictive Disorders | ISSN: 2578-7276

Journal Of Agronomy & Agricultural Science | ISSN: 2689-8292

Journal Of AIDS Clinical Research & STDs | ISSN: 2572-7370

Journal Of Alcoholism Drug Abuse & Substance Dependence | ISSN: 2572-9594
Journal Of Allergy Disorders & Therapy | ISSN: 2470-749X

Journal Of Alternative Complementary & Integrative Medicine | ISSN: 2470-7562
Journal Of Alzheimers & Neurodegenerative Diseases | ISSN: 2572-9608
Journal Of Anesthesia & Clinical Care | ISSN: 2378-8879

Journal Of Angiology & Vascular Surgery | ISSN: 2572-7397

Journal Of Animal Research & Veterinary Science | ISSN: 2639-3751
Journal Of Aquaculture & Fisheries | ISSN: 2576-5523

Journal Of Atmospheric & Earth Sciences | ISSN: 2689-8780

Journal Of Biotech Research & Biochemistry

Journal Of Brain & Neuroscience Research

Journal Of Cancer Biology & Treatment | ISSN: 2470-7546

Journal Of Cardiology Study & Research | ISSN: 2640-768X

Journal Of Cell Biology & Cell Metabolism | ISSN: 2381-1943

Journal Of Clinical Dermatology & Therapy | ISSN: 2378-8771

Journal Of Clinical Immunology & Immunotherapy | ISSN: 2378-8844
Journal Of Clinical Studies & Medical Case Reports | ISSN: 2378-8801
Journal Of Community Medicine & Public Health Care | ISSN: 2381-1978
Journal Of Cytology & Tissue Biology | ISSN: 2378-9107

Journal Of Dairy Research & Technology | ISSN: 2688-9315

Journal Of Dentistry Oral Health & Cosmesis | ISSN: 2473-6783

Journal Of Diabetes & Metabolic Disorders | ISSN: 2381-201X

Journal Of Emergency Medicine Trauma & Surgical Care | ISSN: 2378-8798
Journal Of Environmental Science Current Research | ISSN: 2643-5020
Journal Of Food Science & Nutrition | [ISSN: 2470-1076

Journal Of Forensic Legal & Investigative Sciences | ISSN: 2473-733X

Journal Of Gastroenterology & Hepatology Research | ISSN: 2574-2566

Journal Of Genetics & Genomic Sciences | ISSN: 2574-2485

Journal Of Gerontology & Geriatric Medicine | ISSN: 2381-8662

Journal Of Hematology Blood Transfusion & Disorders | ISSN: 2572-2999
Journal Of Hospice & Palliative Medical Care

Journal Of Human Endocrinology | ISSN: 2572-9640

Journal Of Infectious & Non Infectious Diseases | ISSN: 2381-8654

Journal Of Internal Medicine & Primary Healthcare | ISSN: 2574-2493

Journal Of Light & Laser Current Trends

Journal Of Medicine Study & Research | ISSN: 2639-5657

Journal Of Modern Chemical Sciences

Journal Of Nanotechnology Nanomedicine & Nanobiotechnology | ISSN: 2381-2044
Journal Of Neonatology & Clinical Pediatrics | ISSN: 2378-878X

Journal Of Nephrology & Renal Therapy | ISSN: 2473-7313

Journal Of Non Invasive Vascular Investigation | ISSN: 2572-7400

Journal Of Nuclear Medicine Radiology & Radiation Therapy | ISSN: 2572-7419
Journal Of Obesity & Weight Loss | ISSN: 2473-7372

Journal Of Ophthalmology & Clinical Research | ISSN: 2378-8887

Journal Of Orthopedic Research & Physiotherapy | ISSN: 2381-2052

Journal Of Otolaryngology Head & Neck Surgery | ISSN: 2573-010X

Journal Of Pathology Clinical & Medical Research

Journal Of Pharmacology Pharmaceutics & Pharmacovigilance | ISSN: 2639-5649
Journal Of Physical Medicine Rehabilitation & Disabilities | ISSN: 2381-8670
Journal Of Plant Science Current Research | ISSN: 2639-3743

Journal Of Practical & Professional Nursing | ISSN: 2639-5681

Journal Of Protein Research & Bioinformatics

Journal Of Psychiatry Depression & Anxiety | ISSN: 2573-0150

Journal Of Pulmonary Medicine & Respiratory Research | ISSN: 2573-0177
Journal Of Reproductive Medicine Gynaecology & Obstetrics | ISSN: 2574-2574
Journal Of Stem Cells Research Development & Therapy | ISSN: 2381-2060
Journal Of Surgery Current Trends & Innovations | ISSN: 2578-7284

Journal Of Toxicology Current Research | ISSN: 2639-3735

Journal Of Translational Science And Research

Journal Of Vaccines Research & Vaccination | [ISSN: 2573-0193

Journal Of Virology & Antivirals

Sports Medicine And Injury Care Journal | ISSN: 2689-8829

Trends In Anatomy & Physiology | ISSN: 2640-7752

Submit Your Manuscript: https://www.heraldopenaccess.us/submit-manuscript

Herald Scholarly Open Access, 2561 Cornelia Rd, #205, Herndon, VA 20171, USA.
Tel: +1 202-499-9679; E-mail: info@heraldsopenaccess.us
http://www.heraldopenaccess.us/


mailto:info%40heraldsopenaccess.us?subject=
http://www.heraldopenaccess.us/
https://www.heraldopenaccess.us/submit-manuscript
http://www.heraldopenaccess.us/journals/advances-in-industrial-biotechnology
http://www.heraldopenaccess.us/journals/advances-in-microbiology-research
http://www.heraldopenaccess.us/journals/archives-of-surgery-and-surgical-education
http://www.heraldopenaccess.us/journals/archives-of-urology
http://www.heraldopenaccess.us/journals/archives-of-zoological-studies
http://www.heraldopenaccess.us/journals/current-trends-medical-and-biological-engineering
http://www.heraldopenaccess.us/journals/international-journal-of-case-reports-and-therapeutic-studies
http://www.heraldopenaccess.us/journals/journal-of-addiction-addictive-disorders
http://www.heraldopenaccess.us/journals/journal-of-agronomy-&-agricultural-science
http://www.heraldopenaccess.us/journals/journal-of-aids-clinical-research-stds
http://www.heraldopenaccess.us/journals/journal-of-alcoholism-drug-abuse-substance-dependence
http://www.heraldopenaccess.us/journals/journal-of-allergy-disorders-therapy
http://www.heraldopenaccess.us/journals/journal-of-alternative-complementary-integrative-medicine
http://www.heraldopenaccess.us/journals/journal-of-alzheimers-neurodegenerative-diseases
http://www.heraldopenaccess.us/journals/journal-of-anesthesia-clinical-care
http://www.heraldopenaccess.us/journals/journal-of-angiology-vascular-surgery
http://www.heraldopenaccess.us/journals/journal-of-animal-research-veterinary-science
http://www.heraldopenaccess.us/journals/journal-of-aquaculture-fisheries
http://www.heraldopenaccess.us/journals/journal-of-atmospheric-earth-sciences
http://www.heraldopenaccess.us/journals/journal-of-biotech-research-biochemistry
http://www.heraldopenaccess.us/journals/journal-of-brain-neuroscience-research
http://www.heraldopenaccess.us/journals/journal-of-cancer-biology-treatment
http://www.heraldopenaccess.us/journals/journal-of-cardiology-study-research
http://www.heraldopenaccess.us/journals/journal-of-cell-biology-cell-metabolism
http://www.heraldopenaccess.us/journals/journal-of-clinical-dermatology-therapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-immunology-immunotherapy
http://www.heraldopenaccess.us/journals/journal-of-clinical-studies-medical-case-reports
http://www.heraldopenaccess.us/journals/journal-of-community-medicine-public-health-care
http://www.heraldopenaccess.us/journals/journal-of-cytology-tissue-biology
http://www.heraldopenaccess.us/journals/journal-of-dairy-research-&-technology
http://www.heraldopenaccess.us/journals/journal-of-dentistry-oral-health-cosmesis
http://www.heraldopenaccess.us/journals/journal-of-diabetes-metabolic-disorders
http://www.heraldopenaccess.us/journals/journal-of-emergency-medicine-trauma-surgical-care
http://www.heraldopenaccess.us/journals/journal-of-environmental-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-food-science-nutrition
http://www.heraldopenaccess.us/journals/journal-of-forensic-legal-investigative-sciences
http://www.heraldopenaccess.us/journals/journal-of-gastroenterology-hepatology-research
http://www.heraldopenaccess.us/journals/journal-of-genetics-genomic-sciences
http://www.heraldopenaccess.us/journals/journal-of-gerontology-geriatric-medicine
http://www.heraldopenaccess.us/journals/journal-of-hematology-blood-transfusion-disorders
http://www.heraldopenaccess.us/journals/journal-of-hospice-palliative-medical-care
http://www.heraldopenaccess.us/journals/journal-of-human-endocrinology
http://www.heraldopenaccess.us/journals/journal-of-infectious-non-infectious-diseases
http://www.heraldopenaccess.us/journals/journal-of-internal-medicine-primary-healthcare
http://www.heraldopenaccess.us/journals/journal-of-light-laser-current-trends
http://www.heraldopenaccess.us/journals/journal-of-medicine-study-research
http://www.heraldopenaccess.us/journals/journal-of-modern-chemical-sciences
http://www.heraldopenaccess.us/journals/journal-of-nanotechnology-nanomedicine-nanobiotechnology
http://www.heraldopenaccess.us/journals/journal-of-neonatology-clinical-pediatrics
http://www.heraldopenaccess.us/journals/journal-of-nephrology-renal-therapy
http://www.heraldopenaccess.us/journals/journal-of-non-invasive-vascular-investigation
http://www.heraldopenaccess.us/journals/journal-of-nuclear-medicine-radiology-radiation-therapy
http://www.heraldopenaccess.us/journals/journal-of-obesity-weight-loss
http://www.heraldopenaccess.us/journals/journal-of-ophthalmology-clinical-research
http://www.heraldopenaccess.us/journals/journal-of-orthopedic-research-physiotherapy
http://www.heraldopenaccess.us/journals/journal-of-otolaryngology-head-neck-surgery
http://www.heraldopenaccess.us/journals/journal-of-pathology-clinical-medical-research
http://www.heraldopenaccess.us/journals/journal-of-pharmacology-pharmaceutics-pharmacovigilance
http://www.heraldopenaccess.us/journals/journal-of-physical-medicine-rehabilitation-disabilities
http://www.heraldopenaccess.us/journals/journal-of-plant-science-current-research
http://www.heraldopenaccess.us/journals/journal-of-practical-professional-nursing
http://www.heraldopenaccess.us/journals/journal-of-protein-research-&-bioinformatics
http://www.heraldopenaccess.us/journals/journal-of-psychiatry-depression-anxiety
http://www.heraldopenaccess.us/journals/journal-of-pulmonary-medicine-respiratory-research
http://www.heraldopenaccess.us/journals/journal-of-reproductive-medicine-gynaecology-obstetrics
http://www.heraldopenaccess.us/journals/journal-of-stem-cells-research-development-therapy
http://www.heraldopenaccess.us/journals/journal-of-surgery-current-trends-innovations
http://www.heraldopenaccess.us/journals/journal-of-toxicology-current-research
http://www.heraldopenaccess.us/journals/journal-of-translational-science-and-research
http://www.heraldopenaccess.us/journals/journal-of-vaccines-research-vaccination
http://www.heraldopenaccess.us/journals/journal-of-virology-antivirals
http://www.heraldopenaccess.us/journals/sports-medicine-and-injury-care-journal
http://www.heraldopenaccess.us/journals/trends-in-anatomy-physiology

	_GoBack
	_GoBack
	abstract

