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Introduction
“The healthy endothelium takes care of the coronary blood flow & heart”

Acute Coronary Syndrome (ACS) is portrayed by the quick onset of symptoms or findings 
of Unstable Angina (USA), ST-Elevation Myocardial Infarction (STEMI), or Non-ST-Elevation 
Myocardial Infarction (Non-STEMI) in previously symptomless individuals, typically less than 
24 hours i.e. a person is asymptomatic one day back and becomes symptomatic very next day 
[1]. Critical narrowing in coronary vessels becomes more critical abruptly due to a sudden 
severe endothelial dysfunction resulting in ACS. There is impaired vasodilation, rupture 
of atherosclerotic plaque in coronary vessels, and appearance of anginal symptoms. The 
healthy endothelium permits normal coronary blood flow has antithrombotic, antiplatelet & 
profibrinolytic properties & checks the formation of atherosclerotic plaques and ACS. This 
property of endothelium can be utilized to prevent ACS. Unhealthy endothelium/endothelial 
dysfunction has converse features. The normal functioning of endothelium requires adequate 
availability of cellular ATP (Adenosine triphosphate) [2-12].

Methods
A brief discussion is being done to summarize various factors leading to unhealthy 

endothelium & the preventive aspects of the related factors. Reference studies used for this 
purpose are [1-37].

This review has been divided into the following heads

Factors responsible for ACS & preventive strategy

Three main factors leading to endothelial dysfunction & ACS are the following-

a)	 Atherosclerosis risk factors [13-17]

b)	 Sudden severe endothelial dysfunction (superimposed increase in sympathetic 
discharge, over pre-existing high basal sympathetic discharge) [18-20]
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Abstract

ACS (Acute coronary syndrome) is characterized by sudden development of anginal symptoms in less 
than 24 hours. The healthy endothelium allows normal coronary blood flow due to its anti-thrombotic 
properties. This property can be used to prevent ACS. Endothelial dysfunction has pivotal role in 
development of ACS. ATP (Adenosine tri phosphate) mismatch in the endothelial cells is the primary 
reason for endothelial dysfunction. Increased basal sympathetic discharge & sudden change in BMR 
(basal metabolic rate) produces ATP mismatch. Increased basal sympathetic discharge results from 
mental exhaustion, stress & is associated with fast desynchronized rhythm(beta) in EEG. Normalization of 
basal sympathetic discharge by reducing mental work, adequate sleep & avoidance of exposure to sudden 
environmental temperature change will prevent sudden BMR change & changes in ATP requirement. Both 
measures can prevent endothelial dysfunction & ACS. Substances like Amla (Phyllanthus emblica), and 
diet rich in nitric oxide also strengthens endothelium, is helpful in preventing ACS.
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c)	 Sudden change in BMR (basal metabolic rate/ATP 
requirement)) [21-23]

The preventive strategy focuses on curbing these factors 
responsible for endothelial dysfunction/unhealthy endothelium & 
ACS. 

Pathophysiology of ACS

Endothelial dysfunction is marked by the development of 
atherosclerotic plaques. Severe endothelial dysfunction results 
in ACS, when stable atheromatous plaques convert to unstable 
plaques, that rupture into the lumen of the coronary artery, causing 
a sudden reduction in blood flow to the heart. The inability of 
arteries and arterioles to dilate leads to anginal symptoms [6].

Factors responsible for ACS 

a)	 Atherosclerosis- multiple atherosclerosis risk factors lead 
to plaque formation (chronic process) & narrowing of coronary 
vessels. Atherosclerosis is a steady process therefore it doesn’t 
explain the sudden instability of plaque, anginal symptoms & 
development of ACS symptoms in an asymptomatic person [13-
17, 20].

b)	 Sudden severe endothelial dysfunction due to a 
superimposed increase in sympathetic discharge, over pre-
existing high basal sympathetic discharge e.g. diabetes & 
hypertension. Preexisting high basal sympathetic discharge 
continuously produces some endothelial dysfunction & leads to 
the development of atherosclerotic plaques [6, 18-20].

c)	 Sudden change in BMR (basal metabolic rate)- sudden 
change in BMR alters ATP requirement quickly & results 
in endothelial dysfunction [21-23]. Factors 2 & 3 produce 
ATP mismatch at the endothelial cellular level & convert 
healthy endothelium into unhealthy endothelium/endothelial 
dysfunction & precipitate ACS. ATP is the primary energy 
source for all cellular activities. “ATP unavailability /mismatch 
is the critical end-point for cellular/endothelial dysfunction” 
[6,20-25].

d)	 ATP & its relation to the Sirtuin 1 gene

The role of the anti-aging gene Sirtuin 1 is important to the 
endothelial dysfunction and ATP mismatch for the development 
of ACS. Sirtuin 1 is involved in the regulation of endothelial 
dysfunction and ATP production. ATP has been shown to regulate 
Sirtuin 1 activity. Sirtuin 1 is critical to neuron function with sleep, 
temperature (heat shock gene sirt 1) & stress. Sirtuin 1 activators 
versus inhibitors are relevant [26,27].

A Brief Discussion About the Properties of Healthy 
& Unhealthy Endothelium
Healthy endothelium and its properties (antithrombotic 
nature/adequate ATP)

The healthy endothelium has adequate ATP for its functioning 
& receives a normal basal sympathetic discharge & normal ATP 

metabolism (rate of ATP synthesis/breakdown, favoring seasonal 
requirements). The healthy endothelium thus carries out a crucial 
role in inhibiting thrombus formation, the platelet aggregation 
& has a profibrinolytic nature. It also maintains vascular tone 
according to the need for smooth blood flow in the coronary 
circulation [3,6,10,20,25].

Unhealthy endothelium and its properties 
(prothrombotic nature/ATP mismatch) 

Unhealthy endothelium has ATP mismatch due to either 
receiving high basal sympathetic discharge or impaired ATP 
metabolism. (ATP production rate not favoring seasonal ATP 
requirement/BMR). There is a rift in the endothelial cell layer, entry 
of inflammatory cells, plaque rupture, impaired vasodilation & ACS 
[6-11].

Basal sympathetic discharge

A glimpse into its functions, origin, central connections, & 
clinical significance 

“High basal sympathetic discharge- the principal reason for 
endothelial dysfunction” [6]

Definition & functions

 Basal sympathetic discharge refers to the activity of the 
sympathetic nervous system at a basal rate and is associated 
with required ATP production at the cellular level. This discharge 
maintains normal blood pressure & heart rate. When its activity is 
increased basal discharge is said to be high. High basal sympathetic 
discharge is associated with ATP mismatch, endothelial dysfunction 
& ACS. 

Central connections related to the origin of basal 
sympathetic discharge

Basal sympathetic discharge arises from the hypothalamus, 
(The highest center of the ANS is the hypothalamus) which in 
turn is influenced by various cortical areas i.e. the neocortex & 
cingulate gyrus & makes a physiological cortical-hypothalamic 
axis. The cortex, therefore has some indirect control/ modulating 
effect over the hypothalamus/sympathetic nervous system. 
Desynchronized cortical activity has poor physiological control over 
the hypothalamus & results in high basal sympathetic discharge 
[19,21,28-30].

Clinical significance 

Various clinical conditions like mental stress, mental exhaustion 
& fast mental speed result in desynchronized cortical activity i.e. 
low voltage fast beta activity in EEG (electroencephalography) in 
an eye closure state. A spike response to the cold pressor test in SSR 
(sympathetic skin response) is suggestive of high basal sympathetic 
discharge [18,20,21,24,25].

Metabolic factors (BMR/basal metabolic rate)

Another important factor responsible for endothelial 
dysfunction is a sudden change in ATP requirement (BMR change). 
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ATP synthesis is directly proportionate to BMR. ATP metabolism 
(synthesis & breakdown) changes with season. ATP synthesis 
increases with the rise in BMR in winter & vice versa. Whenever 
there is a sudden change in BMR, due to a seasonal change (summer 
to winter, winter to extreme winter, winter to summer), or some 
dietary factor not suitable to the particular season, e.g. food that 
is hot in nature in the summer season & vice versa in the winter, 
there is ATP mismatch. Cells synthesize less ATP, & break more 
ATP to release energy in summer, on the contrary food that is hot 
in nature increases BMR, & ATP synthesis i.e. opposite to seasonal 
requirement, results in ATP mismatch & endothelial dysfunction & 
precipitates ACS [6, 20-24].

Prevention of ACS (keep endothelium healthy and 
prevent ACS)

Preventive aspects- Prevention of ACS requires a healthy 
endothelium (adequate ATP according to demand, no ATP 
mismatch) ACS is caused by two important factors one is high basal 
sympathetic discharge & two is ATP mismatch due to sudden BMR 
change. Preventive aspects require correction in both. 

Correction in basal sympathetic discharge

Increased basal sympathetic discharge results from mental 
exhaustion/mental burn-out that results in a physiological 
depletion of neurotransmitters. Mental rest/adequate sleep helps 
in repleting neurotransmitters. Stress results in desynchronized 
brain activity. Meditation, regular reading & writing synchronize 
the brain & result in normal basal sympathetic discharge & help in 
the prevention of ACS [6,21,25,28-32].

Metabolic Corrections
To keep synchronization with seasonal metabolism through 

a)	 Avoiding exposure to a sudden change in the 
environmental temperature

b)	 Consumption of food favoring seasonal metabolism [6, 20, 
21-23].

c)	 The other methods that strengthen the endothelium & 
help in preventing ACS.

d)	 Amla (Phyllanthus emblica) increases mitochondrial 
reserve capacity to increase ATP synthesis, & can be used in the 
diet [20,33-35].

e)	 Food rich in nitric oxide strengthens endothelium [36].

f)	 Aerobic exercises increase nitric oxide levels & support 
endothelium [37].

Conclusion & Suggestions
Healthy endothelium allows normal coronary blood flow. This 

property of endothelium can be utilized to prevent ACS i.e. To keep 
endothelium healthy and prevent ACS. Endothelial dysfunction due 
to ATP mismatch is the prime reason for the development of ACS. 
Two important reasons for ATP mismatch include, one increased 
basal sympathetic discharge resulting from mental exhaustion/

stress & two a sudden change in the BMR /metabolic change due 
to exposure to a sudden change in environmental temperature. 
Preventive strategy includes mental rest, adequate sleep & 
avoidance of sudden experience of changes in environmental 
temperature. The joint effort by an individual, employer level, 
the state level is required to prevent mental burn- out & ACS at a 
community level.

References
1.	 https://en.wikipedia.org/wiki/Acute coronary syndrome

2.	 Gutierrez E, Flammer AJ, Lerman LO, Elízaga J, Lerman A, et al. (2013) 
Endothelial dysfunction over the course of coronary artery disease. Eur 
Heart J 34(41): 3175-3181.

3.	 Yau JW, Teoh H, Verma S (2015) Endothelial cell control of thrombosis. 
BMC Cardiovasc Disord 15: 130.

4.	 Kinlay S, Ganz P (2000) Relationship between endothelial dysfunction 
and acute coronary syndrome: Implications for therapy. Am J Cardiol 
86(8B): 10J-13J.

5.	 Fichtlscherer S, Zeiher AM (1999) Endothelial dysfunction in patients 
with acute coronary syndrome. Herz 24(7): 534-543.

6.	 Saxena TK, Saxena B (2025) ACS: Its association with endothelial 
dysfunction and elevated basal sympathetic activity. Open J Cardiol 
Heart Dis 4(4): 1-3.

7.	 Chhabra N (2009) Endothelial dysfunction-A predictor of atherosclerosis. 
Internet J Med Update 4(1): 33-41.

8.	 Osto E, Cosentino F (2010) The role of oxidative stress in endothelial 
dysfunction and vascular inflammation. In: Ignarro LJ (Ed.), Nitric Oxide: 
Biology and Pathobiology, (2nd edn), Academic Press, London, UK, pp. 
705-754.

9.	 Trepels T, Zeiher AM, Fichtlscherer S (2006) The endothelium and 
inflammation. Endothelium 13(6): 423-429.

10.	Patel JC (2001) Functions of endothelium. Indian Journal of Medical 
Sciences 55(3): 165-166.

11.	Rajendran P, Rengarajan T, Thangavel J, Nishigaki Y, Sakthisekaran D, et 
al. (2013) The vascular endothelium and human diseases. International 
Journal of Biological Sciences 9(10): 1057-1069.

12.	Mulligan-Keh JH, Simons M (2014) Vasa vasorum in normal and diseased 
arteries. Circulation 129(24): 2557-2566.

13.	Hodis HN, Mack WJ, Azen SP, Alaupovic P, Pogoda JM, et al. (1994) 
Triglyceride-and cholesterol-rich lipoproteins have a differential 
effect on mild/moderate and severe lesion progression as assessed by 
quantitative coronary angiography in a controlled trial of lovastatin. 
Circulation 90(1): 42-49.

14.	Morange PE, Simon C, Alessi MC, Luc G, Arveiler D, et al. (2004) 
Endothelial cell markers and the risk of coronary heart disease: The 
Prospective Epidemiological Study of Myocardial Infarction (PRIME) 
study. Circulation 109(11): 1343-1348.

15.	Knopp RH (2002) Risk factors for coronary artery disease in women. Am 
J Cardiol 89(12A): 28E-34E.

16.	Meigs JB, Larson MG, D’Agostino RB, Levy D, Clouse ME, et al. (2002) 
Coronary artery calcification in type 2 diabetes and insulin resistance: 
The framingham offspring study. Diabetes Care 25(8): 1313-1319.

17.	Muntari J, Umar H, Tandean P, Bakri S, Sanusi H, et al. (2023) The 
relationship between Admission Insulin Resistance Index (AIRI) and in-
hospital outcome in non-diabetic acute coronary syndrome. J ASEAN Fed 
Endocr Soc 38(1): 7-12.

18.	Saxena T, Patidar S, Saxena M (2016) Assessment of left ventricular 
ejection force and sympathetic skin response in normotensive and 

https://en.wikipedia.org/wiki/Acute%20coronary%20syndrome
https://pubmed.ncbi.nlm.nih.gov/24014385/
https://pubmed.ncbi.nlm.nih.gov/24014385/
https://pubmed.ncbi.nlm.nih.gov/24014385/
https://pubmed.ncbi.nlm.nih.gov/26481314/
https://pubmed.ncbi.nlm.nih.gov/26481314/
https://pubmed.ncbi.nlm.nih.gov/11081444/
https://pubmed.ncbi.nlm.nih.gov/11081444/
https://pubmed.ncbi.nlm.nih.gov/11081444/
https://pubmed.ncbi.nlm.nih.gov/10609160/
https://pubmed.ncbi.nlm.nih.gov/10609160/
https://crimsonpublishers.com/ojchd/pdf/OJCHD.000595.pdf
https://crimsonpublishers.com/ojchd/pdf/OJCHD.000595.pdf
https://crimsonpublishers.com/ojchd/pdf/OJCHD.000595.pdf
https://www.ajol.info/index.php/ijmu/article/view/39872
https://www.ajol.info/index.php/ijmu/article/view/39872
https://pubmed.ncbi.nlm.nih.gov/17169774/
https://pubmed.ncbi.nlm.nih.gov/17169774/
https://pubmed.ncbi.nlm.nih.gov/11482171/
https://pubmed.ncbi.nlm.nih.gov/11482171/
https://pubmed.ncbi.nlm.nih.gov/24250251/
https://pubmed.ncbi.nlm.nih.gov/24250251/
https://pubmed.ncbi.nlm.nih.gov/24250251/
https://pubmed.ncbi.nlm.nih.gov/24934463/
https://pubmed.ncbi.nlm.nih.gov/24934463/
https://pubmed.ncbi.nlm.nih.gov/8026027/
https://pubmed.ncbi.nlm.nih.gov/8026027/
https://pubmed.ncbi.nlm.nih.gov/8026027/
https://pubmed.ncbi.nlm.nih.gov/8026027/
https://pubmed.ncbi.nlm.nih.gov/8026027/
https://pubmed.ncbi.nlm.nih.gov/15023872/
https://pubmed.ncbi.nlm.nih.gov/15023872/
https://pubmed.ncbi.nlm.nih.gov/15023872/
https://pubmed.ncbi.nlm.nih.gov/15023872/
https://pubmed.ncbi.nlm.nih.gov/12084401/
https://pubmed.ncbi.nlm.nih.gov/12084401/
https://pubmed.ncbi.nlm.nih.gov/12145227/
https://pubmed.ncbi.nlm.nih.gov/12145227/
https://pubmed.ncbi.nlm.nih.gov/12145227/
https://pubmed.ncbi.nlm.nih.gov/37252423/
https://pubmed.ncbi.nlm.nih.gov/37252423/
https://pubmed.ncbi.nlm.nih.gov/37252423/
https://pubmed.ncbi.nlm.nih.gov/37252423/
https://www.sciencedirect.com/science/article/pii/S0019483215009359?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0019483215009359?via%3Dihub


4

Open J Cardiol Heart Dis       Copyright © Tarun Kumar Saxena

OJCHD.MS.ID.000601. 5(1).2025

hypertensive subjects: A double-blind observational comparative case-
control study. Indian Heart Journal 68(5): 685-692.

19.	Saxena TK, Maheshwari S, Saxena M (2014) Aetiopathogenesis of type-2 
diabetes mellitus: Could chronic stress play an important role? JAPI vol 
62(6): 484-489.

20.	Saxena T, Patidar S, Verma S, Ali AO, Saxena M (2019) Endothelial 
cell strengthening: Improving functions in the management of acute 
coronary syndrome (A double-blind randomized interventional control 
trial). Clinical Cardiol Cardiovascular Med 3(1): 14-19.

21.	Saxena T, Khichi G, Saxena M (2017) Cell death in stroke: Role of 
metabolism. Austin J Cerebrovasc Dis & stroke 4(2): 1059.

22.	Johnson TA, Jinnah HA, Kamatani N (2019) Shortage of cellular ATP as a 
cause of diseases and strategies to enhance ATP. Front Pharmacol 10: 98.

23.	Saxena T, Patidar S, Saxena M, Bhabrawala A (2018) Asthma treatment: 
Role of metabolism from a double-blind randomized control trial. 
Exploratory Research and Hypothesis in Medicine 3(1): 6-13.

24.	Hall JE (2016) The cell and its functions. Guyton and Hall Textbook of 
Medical Physiology, (13th edn), Relx India, India, pp. 9-19.

25.	Kumar V, Abbas AK, Aster JC (2015) The cell as a unit of health and 
disease & the heart. Robbins & Cotran Pathologic Basis of Disease, (10th 
edn), Thomson Press, India, pp. 538-542.

26.	Martins IJ (2016) Anti-aging genes improve appetite regulation and 
reverse cell senescence and apoptosis in global populations. Advances 
in Aging Research 5(1): 9-26.

27.	Martins IJ (2018) Genomic medicine and acute cardiovascular disease 
progression in diabetes. Res Chron Dis 2(1): 1-3.

1.	

28.	Saxena T, Saxena M (2016) Possible clinical implications of high left 
ventricular ejection force and exaggerated sympathetic skin response in 
hypertensive patients. Ann Clin Exp Hypertension 4(1): 1035.

29.	Saxena T, Ashutosh Saxena, Ali AO, Saxena M (2019) Vasomotor center? 
A possible role in the treatment of hypertension. Clinical Cardiol 
Cardiovascular Med 3: 37-42.

30.	Saxena T, Patidar S, Ali AO, Saxena M, Kabra M (2018) Effect of various 
stress relaxation exercises on electroencephalography, sympathetic skin 
response and type-2 diabetes mellitus. Archives of Endocrinology and 
Diabetes Care 2(1): 164-175.

31.	Saxena T, Mittal SR (2000) Stress relaxation in management of mild to 
moderate hypertension. Asian J Clin Cardiol 2: 36-41.

32.	Saxena T, Ali AO, Saxena M (2018) Pathophysiology of essential 
hypertension: An update. Expert Review of Cardiovascular Therapy 
16(12): 879-887.

33.	PradyumnaRao T, Okamoto T, Akita N, Hayashi T, Kato-Yasuda N, 
et al. (2013) Amla (Emblica officinalis Gaertn.) extract inhibits 
lipopolysaccharide-induced procoagulant and pro-inflammatory factors 
in cultured vascular endothelial cells. British Journal of Nutrition 
110(12): 2201-2206.

34.	Krishnaveni M, Mirunalini S (2010) Therapeutic potential of phyllanthus 
emblica (amla): The ayurvedic wonder. J Basic Clin Physiol Pharmacol 
21(1): 93-105.

35.	Sai Ram M, Neetu D, Deepti P, Vandana M, Ilavazhagan G, et al. (2003) 
Cytoprotective activity of amla (Emblica officinalis) against chromium 
(VI) induced oxidative injury in murine macrophages. Phytother Res 
17(4): 430-433.

36.	R Draijer, Atsma DE, Laarse AVD, Hinsbergh VWV (1995) cGMP and nitric 
oxide modulate thrombin-induced endothelial permeability. Regulation 
via different pathways in human aortic and umbilical vein endothelial 
cells. Circ Res 76(2): 199-208.

37.	Arefirad T, Seif E, Sepidarkish M, Khonsari NM, Mousavifar SA, et al. 
(2022) Effect of exercise training on nitric oxide and nitrate/nitrite 
(NOx) production: A systematic review and meta-analysis. Front Physiol 
13: 953912.

https://www.sciencedirect.com/science/article/pii/S0019483215009359?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0019483215009359?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/25856912/
https://pubmed.ncbi.nlm.nih.gov/25856912/
https://pubmed.ncbi.nlm.nih.gov/25856912/
https://pubmed.ncbi.nlm.nih.gov/30837873/
https://pubmed.ncbi.nlm.nih.gov/30837873/
http://www.xiahepublishing.com/ArticleFullText.aspx?sid=2&jid=2&id=10.14218%2fERHM.2017.00030
http://www.xiahepublishing.com/ArticleFullText.aspx?sid=2&jid=2&id=10.14218%2fERHM.2017.00030
http://www.xiahepublishing.com/ArticleFullText.aspx?sid=2&jid=2&id=10.14218%2fERHM.2017.00030
https://www.scirp.org/journal/paperinformation?paperid=63098
https://www.scirp.org/journal/paperinformation?paperid=63098
https://www.scirp.org/journal/paperinformation?paperid=63098
https://pubmed.ncbi.nlm.nih.gov/30354851/
https://pubmed.ncbi.nlm.nih.gov/30354851/
https://pubmed.ncbi.nlm.nih.gov/30354851/
https://pubmed.ncbi.nlm.nih.gov/23742702/
https://pubmed.ncbi.nlm.nih.gov/23742702/
https://pubmed.ncbi.nlm.nih.gov/23742702/
https://pubmed.ncbi.nlm.nih.gov/23742702/
https://pubmed.ncbi.nlm.nih.gov/23742702/
https://pubmed.ncbi.nlm.nih.gov/20506691/
https://pubmed.ncbi.nlm.nih.gov/20506691/
https://pubmed.ncbi.nlm.nih.gov/20506691/
https://pubmed.ncbi.nlm.nih.gov/12722158/
https://pubmed.ncbi.nlm.nih.gov/12722158/
https://pubmed.ncbi.nlm.nih.gov/12722158/
https://pubmed.ncbi.nlm.nih.gov/12722158/
https://pubmed.ncbi.nlm.nih.gov/7834830/
https://pubmed.ncbi.nlm.nih.gov/7834830/
https://pubmed.ncbi.nlm.nih.gov/7834830/
https://pubmed.ncbi.nlm.nih.gov/7834830/
https://pubmed.ncbi.nlm.nih.gov/36267589/
https://pubmed.ncbi.nlm.nih.gov/36267589/
https://pubmed.ncbi.nlm.nih.gov/36267589/
https://pubmed.ncbi.nlm.nih.gov/36267589/

	Assessment of Nurses’ Knowledge on Cardiopulmonary Resuscitation Drugs in the Hospital Environment
	Abstract
	References

