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Introduction

Introduction

Cirrhosis of the liver refers to scarring of the liver which
results in abnormal liver function as a consequence of chronic
liver injury. Cirrhosis is a leading cause of illness and death
Worldwide. It is expected that the number of people affected by
cirrhosis will continue to increase in the near future (Sanchez and
Talwalkar, 2012).

The liver plays an important role in the innate immune
response, providing the first line of defense against microbes and
toxins crossing the intestinal barrier (Janeway and Medhitov,
2002). Kupffer cells, the resident macrophages in the liver, are
critical for the rapid clearance of microorganisms from the
systemic circulation (Gregory and Wing, 2002) and (Nagy,
2003).

Although Kupffer cells by themselves are highly phagocytic
and are able to remove microorganisms, they also facilitate
generation of inflammatory response leading to recruitment of
inflammatory cells such as neutrophils, monocytes, T and B
lymphocytes, as well as natural killer (NK) cells, to the liver
(Sweet and Hume, 1996). These inflammatory mediators will
then activate neutrophils in the hepatic microvasculature
(sinusoids and post sinusoidal venules) leading to a variety of
events culminating in hepatocellular death (Shashi and Hartmut,
2007).

Patients with chronic cholestasis, particularly those with
associated cirrhosis, are susceptible to infectious complications. A
predictable consequence of cholestasis is malabsorption of fat-
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soluble vitamins and free radical scavengers. On the other hand, it
has been postulated that cholestasis affects polymorphonuclear
leukocytes function by impeding chemotaxis, phagocytosis and
superoxide anion release (Salem, et al, 2003).There may be many
reasons why these patients are at increased risk of infection, but
impaired neutrophil function has recently been proposed as being
important. Toxins that the liver can no longer efficiently excrete
such as ammonia and low blood sodium levels may be implicated
(Schawcross, 2008).

Neutrophils play a critical role in the host defense
mechanism against various bacterial infections, and suggested that
an impaired neutrophil chemotaxis function causes the
susceptibility to infections in patients with fulminant hepatic
failure. However, the most important neutrophil function, is the
bactericidal function especially, oxygen-dependent bactericidal
function (Wyke et al, 1982).

Neutrophils are a major innate immune cell subset involved in
the first line of defense against infection. Neutrophils are
produced in vast numbers in the bone marrow (1-2x10" per day)
and have a short half life of 12-18 hours. They are rapidly
recruited to sites of infection and inflammation. Neutrophils
phagocytose invading microbes and proceed to kill them but
unfortunately may damage "innocent bystanders”, leading to
tissue destruction, inflammation, and organ failure. Neutrophils
are rapidly recruited to the liver in response to hepatic injury (Lee
et al, 2003).
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Neutrophils and macrophages have a reduced capacity to
phagocytose and eliminate engulfed microbes and cell debris in
patients with cirrhosis (Mookerjee et al, 2007).

Although neutrophils are programmed to undergo apoptosis at
the time of differentiation, the rate of apoptosis is under the
regulation of external factors. Therefore, changes in the rate of
PMN apoptosis are likely to occur in the setting of cirrhosis. PMN
from decompensated cirrhotic patients have an enhanced
frequency of apoptosis, which is likely to contribute to explain the
observed neutropenia in these patients (Maria et al, 2004).

Over recruitment, inappropriate activation or deregulated
clearance of these cells results in the establishment of a wide
variety of clinical disorders (Rokusz and Liptay, 2003). In the
specific case of cirrhosis, neutropenia (i.e. a decreased number of
circulatory PMN) may play a role in the pathogenesis of the
increased rate of bacterial infections seen in these patients
(Rajkovic and Williams, 1986).

Several hypotheses regarding the mechanisms underlying
neutropenia in cirrhosis have been postulated Splenomegaly,
hypersplenism, increased clearance of PMN in the spleen and the
presence of serum hematopoietic progenitor cell inhibitors have
been suggested as mechanisms for the presence of anemia,
leukopenia and thrombocytopenia in cirrhotic patients (Ohki et al,
1988).

PMN from decompensated cirrhotic patients have a shorter
life-span because of an increased rate of apoptosis. These findings
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may contribute to explain the existence of neutropenia in cirrhosis
(Maria et al, 2004).

Hyperammonemia is common in liver disease and its severity
relates to the degree of liver dysfunction (Clemmesen et al,
1999). Recent studies suggest that in addition to ammonia,
infection is a common precipitant of the syndrome of hepatic
encephalopathy (Shawcross et al, 2004). Hepatic encephalopathy
(HE) constitutes a neuropsychiatric syndrome which remains a
major clinical problem in patients with cirrhosis (Shawcross et al,
2010).

Hyperammonemia have the ability to produce swelling of
susceptible cells by altering the osmotic balance (Cordoba et al,
1998). Ammonia produces neutrophil swelling and impairs
neutrophil phagocytosis (Shawcross et al, 2008).

Neutrophil phagocytic dysfunction is associated with
increased risk of infection and mortality in patients with cirrhosis,
Phagocytic dysfunction is universal in patients with cirrhosis and
is related in part to the development of ammonia - induced
neutrophil swelling, which is reversible following liver
transplantation. Increasing levels of endotoxin and / or ammonia
lead to neutrophil activation (Taylor et al, 2010).

Data show that in patients with liver failure and elevated
arterial ammonia that neutrophil bactericidal capacity is impaired
(Nishtala etal, 2011).

Stable cirrhosis is characterized by neutrophil phagocytic
dysfunction which may be subtle and only revealed in inflamed
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peripheral tissues where excessive inflammatory mediators
continue to be released (Tritto et al, 2011).

More recently the synergistic role of inflammation and
infection in modulating the cerebral effects of ammonia has been
shown to be important. Furthermore, it has been recognized that
infection impairs brain function both in the presence and absence
of liver disease. Thus it could be postulated that in the presence of
ammonia, the brain is sensitized to a systemic inflammatory
stimulus and is able to elicit an inflammatory response involving
both proinflammatory and neurotransmitter pathways (Shawcross
et al, 2010).

Ammonia is not only directly toxic to astrocytes but induces
neutrophil dysfunction with the release of reactive oxygen species,
which contribute to oxidative stress and systemic inflammation.
This may further exacerbate the cerebral effects of ammonia and
potentially reduce the capacity of the neutrophil to fight microbial
attack, thus inducing a vicious circle. This evidence supports the
neutrophil in addition to ammonia as being culpable in the
pathogenesis of H.E., making the neutrophil a target for future anti
inflammatory therapeutic strategies in addition to ammonia
lowering therapies (Shawcross et al, 2010).




