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ABSTRACT

It is suggested that plasma cholinesterase level is affected by liver cirrhosis due to hepatocyte injury. The
objective of this study was to determine cholinesterase values in association with albumin and prothrombin
during both the compensated and decompensated stages in cirrhotic patients. A total of 150 consecutive
episodes of liver cirrhotic patients, aged (68.9 + 10 years) admitted to the hospital between June 2015 and
December 2015 were studied. They were classified into subgroups according to severity and the stages of
disease into group A (compensated stage) and group B (decompensated stage), each containing 75
patients. Fifty apparently healthy participants aged 64.5 + 13 years were recruited as controls. Blood
samples were drawn and targeted parameters were assessed using commercial kits according to the
manufacturer’'s guide. SPSS package was used for data analysis. There was a significant difference in the
mean serum cholinesterase activity, albumin level and prothrombin time of cases and controls. The mean
serum cholinesterase value of compensated cirrhotic patients was 3143.83 = 1583.44 IU/L and it was
significantly higher (p = 0.000) than that of decompensated cirrhotic patients (1895.32 + 531.79 IU/L). There
was a strong negative correlation between serum cholinesterase activity and prothrombin time (r = -0.580, p
= 0.000) and a strong positive correlation between serum cholinesterase activity and albumin concentration
(r=0.617, p = 0.00). The results conclude that, cholinesterase level reflects liver cell conditions wherein low
levels indicate hepatocellular damage. In addition, its levels are stable and not easily affected by
medications that are given for cirrhotic patients thus, can be used as a marker for the diagnosis and
prognosis of liver damage along with prothrombin time and albumin.
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INTRODUCTION

Cirrhosis is a clinical condition wherein blemish tissue
replaces normal tissue of the liver. As the healthy liver
tissue is replaced by blotted tissue there is an obstruction
in the flow of blood through the liver affecting its function.
Cirrhosis rarely causes signs and symptoms in its early
stages, but as liver function deteriorates, the signs and
symptoms appear. Although some patients with cirrhosis

may have prolonged survival, they generally have a poor
prognosis (Bishop and Edward, 2010). Cirrhosis has two
different levels: in the first phase, the liver works nearly
normal even though there is mutilation of its cells. This is
known as compensated cirrhosis. There may be sparse
or minimal symptoms in most of the patients with
compensated cirrhosis. In the second phase known as



decompensated cirrhosis, there is acute liver scarring
resulting in disorganized vital function of the body. In
such patients, there is an eruption of life-threatening
signs, symptoms and complications. Indicators of the
onset of decompensated cirrhosis include but are not
limited to the sensation of weakness and fatigue, loss of
appetite, weight loss, abdominal pain, nausea and
emergence of spider angiomas over the skin. Small blood
vessels exude from red spots that are pinhead-sized.
Fluid buildup in the legs and feet (edema) and in the
abdomen (ascites), itching, occasionally reddish and
blotchy palms, a condition known as palmar erythema are
some of the symptoms that start to develop as cirrhosis
progresses to the decompensated stage., swelling of
breasts or shrinkage of the testicles may occur in men, as
well as easy bruising and excessive bleeding (Lim et al.,
2009).

Liver function tests (LFTs) that measure the level of
serum liver enzymes usually reflect hepatocyte integrity
or cholestasis rather than liver function (Giannini et al.,
2005). Five laboratory assays are commonly
called liver function tests, although these tests are neither
specific to the liver nor true measures of liver function
(Titcomb, 2003). Injury to the liver, whether acute or
chronic, eventually results in an increase in serum
concentrations of aminotransferases; aspartate amino
transferase (AST) and alanine amino transferase (ALT)
(Dufour et al.,, 2000; Vanderlinde, 1986). Both
aminotransferases are highly concentrated in the liver.
AST is also diffusely present in the heart, skeletal
muscle, kidneys, brain and red blood cells, while ALT has
low concentrations in skeletal muscle and kidney (Rej,
1989). An increase in serum ALT levels is, therefore,
more specific for liver damage (Seeto et al., 2000). The
half-life in the circulation is about 47 hours for ALT, and
about 17 hours for total AST (Dufour et al., 2000). Both
enzymes require pyridoxal-5'-phosphate (vitamin Bg) in
order to carry out their reactions, although the effect of
pyridoxal-5'-phosphate deficiency is greater on ALT
activity than on that of AST (Dufour et al., 2000;
Vanderlinde, 1986). This has clinical relevance in patients
with alcoholic liver disease, in whom pyridoxal-5'-
phosphate deficiency may decrease serum ALT activity
and contribute to an increase in the AST/ALT ratio that is
observed in these patients (Pratt and Kaplan, 2000).

Alkaline phosphatase (ALP) is an enzyme that
transports metabolites across cell membranes. Liver and
bone diseases are the most common causes of
pathological elevation of serum ALP levels, although ALP
may originate from other tissues, such as, kidneys,
intestines, and leukocytes (Fishman, 1990). The third
trimester of pregnancy (placenta origin) and adolescence
(bone origin) are associated with an isolated increase in
serum ALP levels (Dufour et al.,, 2000). Cholestasis
enhances the synthesis and release of ALP, and
accumulating bile salts increase its release from the cell
surface (Moss, 1997; Schlaeger et al, 1982). In
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metastatic cancer of the liver, lymphoma or infiltrative
diseases such as sarcoidosis, there are abnormal serum
ALP levels. Cholestatic pattern may also be seen in drug-
induced liver injury (a rise in serum ALP or ALT/ALP ratio
of < 2), although the degree of ALP alteration is variable
and may be accompanied by hyperbilirubinemia. ALP
half-life in the circulation is about 1 week. These
characteristics explain why ALP levels usually rise late in
bile duct obstruction and decrease slowly after resolution.
The degree and rate of enzyme alteration may provide
minor and nonspecific clues to diagnosis (Velayudham
and Farrell, 2003).

A change in serum albumin level or prothrombin time
may be associated with a decrease in liver functioning
mass, although neither is specific for liver disease
(Giannini et al., 2005). Cholinesterase is a family of
enzymes that catalyze the hydrolysis of the
neurotransmitter acetylcholine into choline and acetic
acid. There are two types; Acetylcholinesterase, also
known as erythrocyte cholinesterase found on RBCs cell
membrane and Pseudocholinesterase, known as plasma
cholinesterase, produced in the liver (Wang et al., 2005).
Plasma Cholinesterase is synthesized mainly in
hepatocytes and is released into the blood (Yanai and
Hoshino, 2010). Its activity reduces in liver dysfunction
due to reduced synthesis. In contrast to cholinesterase
activity, the activities of other serum enzymes associated
with the clinical assessment of liver function, increase
due to excessive release from their cellular sources after
cell membrane damage (Zhou and Tu, 2003).

Alterations in liver enzyme levels that are encountered
in hospital centers may vary by the geographical location
of the hospital and the ethnicity of the patients (Giannini
et al., 2005). Nevertheless, diagnosis may not be evident
even after thorough evaluation in asymptomatic patients
with mild increases in liver enzymes levels. So this
research aimed at investigating the diagnostic and
prognostic value serum cholinesterase among Sudanese
cirrhotic patients.

MATERIALS AND METHODS
Study population

A total of 150 consecutive episodes of liver cirrhotic patients (68.9 +
10 years old) admitted to Soba Teaching hospital, Khartoum,
Sudan, between June 2015 and December 2015 were studied.
They were classified into subgroups according to the severity and
the stages of disease into group A (compensated stage) and group
B (decompensated stage), each containing 75 patients. All the
patients were under treatment for cirrhosis by use of one or the
other medication. Fifty apparently healthy participants aged (64.5 +
13) years were recruited as the control group.

Ethical consideration

Ethical clearance was obtained by the local ethical committee
before the commencement of the study. The aims and benefits of



this study were explained to the participants who signed an
informed consent. The authors declare that there is no conflict of
interest.

Sampling

Blood sample was collected from each individual for assessment of
serum cholinesterase activity according to Ramazan et al.
(Amanvermez et al., 2010), serum albumin and prothrombin time
(PT) were measured by colorimetery, and a coagulometer
respectively using commercial kits from Crescent Company
according to the producer’s guide.

Statistical analysis

The data was analyzed using Statistical Package for Social
Sciences (SPSS), Windows version 8x, 1997 SPSS, Inc, Chicago,
IL, and USA. Independent t-test was used to compare group
means. Statistical significance was set at P < 0.05.

RESULTS

As shown in Table 1, there was a significant difference in
the prothrombin time, and the mean serum values of
cholinesterase and albumin among the case and control
groups (p = 0.000).

As shown in Table 2, the mean serum cholinesterase
value of Group A patients (compensated stage) was
significantly higher (p = 0.000) when compared to Group
B patients (decompensated stage).

There was a strong negative correlation between
serum cholinesterase activity and PT (r = -0.580, p =
0.000) and a strong positive correlation between serum
cholinesterase activity and albumin concentration (r =
0.617, p = 0.00) (Table 3).

The compensated liver cirrhotic patients (group A)
showed a strong negative correlation between
cholinesterase activity and PT (r = -0.632, p = 0.00) and
no correlation between cholinesterase activity and
albumin concentration (Table 4).

Decompensated liver cirrhotic patients (group B)
revealed no correlation between cholinesterase activity
and albumin concentration or prothrombin time (Table 5).

DISCUSSION

Liver diseases are quite prevalent throughout the globe.
Their early and correct diagnosis is always a concern
among physicians, especially the residual liver function
(Tripathi et al., 2015). Liver function test by use of serum
enzymes is a good tool but it is usually difficult in
screening patients exhibiting or concealing signs of liver
disease. The general scientific word “liver function tests"
is @ misnomer as many tests are used for the diagnosis
of damage to hepatocellular cells but not the liver
function. True liver function tests are those that measure
synthesis of proteins made by the liver (albumin, clotting
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factors) or the liver's capacity to metabolize drugs. A
commonly ordered panel of automated tests includes
bilirubin, aminotransferases, alkaline phosphatase, and
gamma- glutamyl transpeptidase. This article presents
the relationship between liver diseases increase serum
levels of various enzymes and their limitation in clinical
diagnosis while highlighting a system for assessing
abnormal liver test results (Rochling, 2001). A previous
study reported that cirrhosis affects the liver and prevents
it from functioning properly by diminishing albumin and
coagulation proteins synthesis (Bishop and Edward,
2010). The routine use of serum biochemical tests allows
for the detection of acute and chronic liver injury before
the onset of symptoms. These investigations include,
indicators of injury to hepatic cells like aminotransferases
and acid phosphatases; total bilirubin as an indicator of
liver metabolism; and assays of liver synthetic function of
producing serum albumin and Prothombin (Woreta and
Algahtani, 2014). Pseudocholinesterase which is known
as plasma cholinesterase, butyrylcholinesterase, is
produced in the liver and found primarily in plasma
(Wang et al.,, 2005). Serum or plasma cholinesterase
activity is reduced in liver disease.

This study shows that there is a significant decrease in
serum cholinesterase cirrhotic patients compared to the
control group. This could be as a result of liver cirrhosis
that directly affects its function leading to deficient liver
production. This is in agreement with findings by
Ramachandran et al. (2014). The synthetic function of the
liver is reflected by the levels of
serum cholinesterase (ChE) which is synthesised by
hepatocytes (Matsuzaki et al., 1980; Strahl and Maier,
2006). Inliver cirrhosis and hepatoma the array of
serum cholinesterase isozyme seemed to be
symptomatically elevated. In 92.5% of 53 patients studied
for the diagnosis of liver cirrhosis an irregular fast moving
peak was seen. Further, in 58.5%, there were lessening
levels of ChE 3 and 4, along with development of weak
bands with unusual rates of flow. The pattern in liver
cirrhosis was basically the same as that of hepatoma,
although in some cases variety of bands was also seen.
It was confirmed that these aberrations were due to
binding of sialic acid to the enzyme, and not due to
abnormal enzyme protein moiety synthesis. They opined
upon their clinical trials that diagnosis and prognostic
evaluation of liver cirrhosis can be assessed based upon
the degree of the abnormality of the isozyme.

This study reveals a mean serum cholinesterase (IU/L)
2519.58 *+ 3.2 in cases compared to 5984.0 £ 1.9 in
controls. This is in agreement with a study conducted by
Ramachandran et al. (2014) who found median serum
ChE in cirrhotics was 1590 IU/L (110 to 8143) compared
to 7886 IU/L (2022- 21673) in controls. Determining
serum albumin levels and assessing prothrombin time
are often considered “tests of liver function” (Bonis et al.,
1999; Kamath et al., 2001; Kamath et al., 2001). This is
primarily due to a decrease in synthesis of albumin by the
liver during the end-stage liver disease, and decreased
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Table 1. Estimated biochemical parameters among study participants.

Patients (Mean £ SD)  Control (Mean + SD)

Parameter N = 150 N =50 p value
Cholinesterase (IU/L) 2519.58 + 3.2 5984.0+ 1.9 0.000
Albumin (g/L) 27.12 £8.27 42.5400 + 5.3 0.000
Prothrombin Time (s) 17.94 + 5.47 12.64 + 1.55 0.000
Table 2. A comparison of serum cholinesterase activity among liver cirrhotic patients.
Group A (Mean * SD) Group B (Mean * SD)
nh=75 n=75 p value
Cholinesterase (IU/L) 3143.84 + 15.83 1895.32 + 5.31 0.00

Table 3. Correlation between serum cholinesterase activity and other
estimated parameters among study participants.

Parameter Albumin (g/L) Prothrombin time (s)
. r=0.617* r =-0.58*
Cholinesterase (IU/L) b = 0.00 b = 0.00

Table 4. Correlation between serum cholinesterase activity and other
estimated parameters among compensated liver cirrhotic patients.

Parameter Albumin (g/L) Prothrombin time (s)
. r=0.244 r=-0.632*
Cholinesterase (IU/L) p =0.24 b =001

Table 5. Correlation between serum cholinesterase activity and other estimated
parameters among decompensated liver cirrhotic patients.

Parameter

Albumin (g/L)

Prothrombin time (s)

Cholinesterase
(1U/L)

r=0.124
p =0.954

r=-0.108
p = 0.606

synthesis of liver-derived coagulation factors leading to
an increase in prothrombin time. Serum albumin levels
and prothrombin time are useful tools for monitoring the
synthetic activity of the liver. Thus, albumin levels
decrease when cirrhosis occurs, and they have
prognostic value in these patients (Green and Flamm,
2002; Dufour et al., 2000; Seeto et al., 2000; Doumas
and Peters, 1997). Nevertheless, tests that involve
administering exogenous compounds may be used to
evaluate liver function more accurately (Dufour et al.,
2000). In this study, PT tend to increase significantly and
albumin showed low level in cirrhotic patients compared
to the controls. Liver disease patients (Saxena et al.,
2013) have complex hemostatic defects leading to a
delicate, unstable balance between bleeding and

thrombosis. Both serum albumin and prothrombin time
can be considered useful tools, alone or combined in
clinical scores, for evaluating liver function (Bonis et al.,
1999; Kamath et al., 2001; Botta et al. 2003). Also Potze
et al. (2015) documented preserved clot formation in
plasma from patients with cirrhosis, which is in line with
the results of the thrombin generation assay in this study
previously reported by others.

The serum cholinesterase level tends to decrease
significantly among the decompensated group compared
to the compensated group. Therefore continuous liver
cells damage, leads to a deficiency in the synthesis of
cholinesterase enzyme. In agreement with Chen et al.
(2011) serum cholinesterase is an excellent biomarker of
cirrhosis with good sensitivity and specificity. It shows



good correlation with serum albumin and PT. Since it
distinguishes decompensated cirrhosis from
compensated cirrhosis well, low levels in cirrhosis may
serve as a useful prognostic marker of advanced liver
disease. Serra et al. (2015) recommended that serum
creatinine concentration is a parameter that should be
included in the prognostic assessment of patients with
decompensated cirrhosis, it should be combined with
other specific parameters of liver function, such as
bilirubin, albumin, and the international normalized ratio
(INR) for prothrombin time.

The absence of correlation between serum
cholinesterase and PT in the compensated group and
cholinesterase and both PT and albumin in the
decompensated group, can be explained by the
administration of albumin and blood transfusion. These
findings provide evidence for a limitation in the use of
cholinesterase as a liver function test. This is in
agreement with Ramachandran et al. (2014) who found
that correlation coefficient between cholinesterase and
albumin was -0.67, and Lee (2012) who cited that
albumin has been widely used in patients with cirrhosis in
an attempt to improve circulatory and renal functions.
Nakamura et al. (2014) demonstrated that the
administration of albumin significantly increased the
serum levels of albumin in patients with liver cirrhotic
disease.

Conclusion

The findings of the present study show that plasma
cholinesterase level depends on the integrity of liver cells.
If intact, the cholinesterase has normal or stable levels.
Cholinesterase levels tend to decrease relatively with the
grade liver of damage. Serum cholinesterase appears
more stable and is not easily affected by medications that
are given to cirrhotic patients. It can therefore be used as
a marker for the diagnosis and prognosis of the synthesis
power of the liver together with PT and albumin.
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