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Introduction 

N-acetylcysteine (NAC) is one of the most extensively 

studied antioxidants. Many potentially beneficial and protective 

effects of NAC have been demonstrated in experimental 

endotoxic and septic conditions. As a thiol-containing compound, 

NAC scavenges free oxygen radicals. NAC also suppresses the 

activation of neutrophils and macrophages )Kharazmi et al., 

1988 ), attenuates leukocyte–endothelial cell adhesion and 

capillary leakage (Schmidt et al., 1997), and blocks the release of 

tumour necrosis factor alpha and IL-8, probably by modulating 

gene expression of these mediators at the transcriptional level 

(Patterson et al., 2003). It replenishes glutathione (GSH) in 

states of potential insufficiency. It is used both as an antioxidant 

and as a detoxifying agent. It is well tolerated when administered 

orally and has been trialed for multiple clinical uses (Dodd et al., 

2008).  

N-Acetylcysteine is the standard therapy for treatment of the 

acetaminophen (APAP) overdose patient. The primary role of 

NAC in the treatment of APAP toxicity is thought to be the 

replacement of intracellular stores of hepatic glutathione (James 

et al., 2003).  

Carbon tetrachloride is used as a chemical intermediate in 

the production of fluorocarbons and some pesticides. NAC 

possessed beneficial anti-oxidative effects that could attenuate the 

severity of liver injury treated by Carbon tetrachloride (Cai et al., 

2015).  
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Intravenous NAC improves transplant-free survival in 

patients with early stage non-acetaminophen related acute liver 

failure (Lee et al., 2009). 

Based on the accessible literature, NAC in COPD has been 

studied mostly at rather low dosages with variable outcomes the 

short-term, low-dose studies suggest that NAC may not be a drug 

of choice to enhance the GSH antioxidant potential of the lungs, 

since the effects are poor. While its effect on the oxidative stress 

markers seems to be influenced even at low dosages, the higher 

doses may ensure more rapid response (Sadowska et al., 2006). 

As a component of the regular treatment regimens of patients with 

COPD, NAC can be considered an important, safe and well 

tolerated therapeutic agent (Cazzola et al., 2015). 

N-Acetylcysteine showed a protective role in the cardiac 

tissue of rats Submitted to hemorrhagic shock, mainly in 

lessening oxidative Stress and histologic injury (Dantas et al., 

2015). N-acetylcysteine–supplemented cold blood cardioplegia 

minimizes myocardial injury in the early hours after and during 

the cardiac surgery. Ischemia–reperfusion injury after coronary 

artery bypass graft (CABG) may cause reperfusion arrhythmias, 

microvascular damage, and myocardial stunning and cell death. 

Although numerous experimental investigations have 

demonstrated that scavenging radicals attenuates myocardial 

ischemia–reperfusion injury, only a few clinical studies have 

addressed the ability to ameliorate myocardial injury associated 

with cardio pulmonary bypass and cardioplegic arrest. At this 

point, the cardio protective effects of NAC in clinical and 
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experimental studies should be documented (Koramaz et al., 

2006). 

Treatment of blood cultures from tuberculosis patients with 

N-acetyl cysteine, was associated with improved control of 

intracellular Mycobacterium tuberculosis infection. N-acetyl-

cysteine treatment decreased the levels of IL-10, IL-6, tumor 

necrosis factor alpha (TNF-a) and IL-1, in blood cultures derived 

from tuberculosis patients, favoring the host immune cells to 

successfully control Mycobacterium tuberculosis replication 

(Venketaramana  et al., 2008). 

N-acetylcysteine at individual periprocedural doses 

exceeding 600 mg or daily doses exceeding 1200 mg decreases 

the incidence of contrast-induced nephropathy (Trivedi et al., 

2009). 

Finally, NAC has an additive effect on the Helicobacter 

pylori eradication rates obtained with triple amoxicillin, 

clarithromycin, and omeprazole and seems to be a hopeful means 

of eradicating Helicobacter pylori infection (Mohammed et al., 

2015). 
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Aim of the Essay 

  

 The aim of the essay is to review the actions and clinical 

uses of serum N-acetylcysteine in the critically ill patient. 
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Chapter 1 

Pathophysiology of oxidative stress and 

cellular injury in critically ill patient 

Background 

Free radicals are highly reactive and unstable compounds. 

These highly reactive molecules cause oxidative damage to 

cellular components such as Deoxyribonucleic acid (DNA), 

proteins and lipids. They play central role in the mechanism of 

cell injury and cell death. Free radical scavengers either prevent 

these reactive species from being formed, or remove them before 

they can damage vital components of the cell (Hatwalne, 2012).  

Oxidative stress defines an imbalance in production of 

oxidizing chemical species and their effective removal by 

protective antioxidants and scavenger enzymes. Evidence of 

massive oxidative stress is well established in critical illnesses 

characterized by tissue ischemia-reperfusion injury and by an 

intense systemic inflammatory response such as during sepsis, 

acute respiratory distress syndrome and acute lung injury 

(Hatwalne, 2012).  

Several clinical trials have been performed in order to reduce 

oxidative stress by supplementation of antioxidants alone or in 

combination with standard therapies. Antioxidant 

supplementation at an early stage of illness may lead to improved 

therapies in the treatment of critically ill patients. It is important 

to understand the mechanism of damage caused by free radicals 

and how free radical scavengers work so that this knowledge can 

be applied to varied pathological conditions (Hatwalne, 2012). 
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Chapter 1 

Formation of reactive oxygen species (ROS) 

Reactive oxygen species are generated as byproducts of 

cellular metabolism through the electron transport chain (ETC) in 

mitochondria as well as via the cytochrome P450. The other 

major source, where ROS are not produced as by products, are the 

nicotinamide adenine dinucleotide phosphate (NADPH) oxidases 

that are present in a variety of cells, especially the professional 

phagocytes and endothelial cells (Pendyala and Natarajan, 

2010).  

During chemical processes, molecules can be reduced or 

oxidized. A molecule with an unpaired electron can combine with 

a molecule capable of donating an electron. The donation of an 

electron is called oxidation. The gain of an electron is called 

reduction. During these reactions, the molecule that donates the 

electron is oxidized and the molecule that accepts the electron is 

reduced. Reduction and oxidation can leave the reduced molecule 

unstable and free to react with other molecules to cause damage 

to cell membranes, proteins, and DNA. These reduced substances 

are called free radicals (Pugliese, 1995). 

In homeostasis, the rates of reduction and oxidation are 

equal. The reduction-oxidation (redox) balance is maintained by 

physiological defenses such as specialized enzymes and 

antioxidants. These antioxidants and enzymes remove or 

inactivate the free radicals (Espat and Helton, 2000). 

The most common Enzymatic Components are Superoxide 

dismutases, Catalase, Peroxidases, Glutathione system, 

Thioredoxin reductase system and Lipoamide system while the 

most common non enzymatic components are Thiols, Ascorbic 


