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Abstract: Hepatic encephalopathy is a brain and nervous system disease that occurs as a consequence of liver
disorders, these include hepatitis and liver cirrhosis. The aim of this study is to evaluate important serum
physiological enzymes activity such as AKP, CPK, LDH, S-GPT and S-GOT in these patients. All patients who
were above 12 years, had signs and symptoms of HE either at presentation or during the course of hospital stay
were studied. Venous blood samples are to be collected from all participants in fasting conditions. 10 ml of
blood  are  collected  and  made  to clot before serum was separated by centrifuging at 5000 r.p.m for 20 min.
This test tube was collected and stored at –40o C prior to analysis of Albumin using kit method on
MICROLAB300. Kit method is also used to determine the enzyme activities i.e. AKP, CPK, LDH, S-GOT and
S-GPT. 30 patients suffering from hepatic encephalopathy were compared with 30 healthy subjects. Creatine
Phosphokinase (CPK) decreases in the patients with hepatic encephalopathy, Alkaline Phosphatase (AKP),
Lactate Dehydrogenase (LDH) and Serum-Glutamine oxaltransaminase (S-GOT) increased significantly in patient
group. Metals i.e iron, copper, magnesium and zinc content are also determined. All these metals except copper
decreased significantly in patient group. These enzyme activities should be considered as markers under any
treatment in these patients and there is a disturbance of metal metabolism in these patients which needs to be
corrected before drug therapy is used for treating these patients.
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INTRODUCTION Aetiology of HE is thought to be due to a

Hepatic encephalopathy (HE) is a complex, reversible and does not cause marked pathological
potentially reversible neuropsychiatric condition that changes in the brain. Neurological signs may include
occurs as a consequence of acute or chronic liver disease. hyperreflexia, rigidity, myoclonus and asterixis. Seizures
[1]. It is characterized by changes of personality, and lateralizing signs are uncommon and are more
consciousness, behavior and neuromuscular function. commonly seen in acute than chronic liver failure.
Early features include reversal of sleep pattern, apathy, Clinically, a number of encephalopathic patterns can be
hypersomnia, irritability and personal neglect. In later observed: acute recurrent, chronic recurrent and chronic
stages, delirium and coma may occur, which is common permanent encephalopathy (the last often forms part of
mostly in patients with cirrhosis but also occurs in acute the spectrum of acquired hepatocerebral degeneration).
hepatic failure or in hepatitis. [1] Treatment of hepatic Irrespective of the cause or the duration of liver
encephalopathy involves correction of precipitating disease, more specific clinical signs, e.g. hepatic
factors such as sepsis, gastrointestinal bleeding, encephalopathy, become apparent in the advanced stages
medications and electrolyte imbalance. Effective therapies of the disease. Due to the non-specific clinical signs, the
include lactulose and antibiotics such as neomycin, possible diagnosis of liver disease is frequently not taken
metronidazole and rifaximin [2]. into consideration [3]. HE (liver encephalopathy, hepatic

biochemical disturbance of brain function as it is
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coma) is known as one of the causes resulting into are normally removed by the hepatobiliary route and that
deterioration of brain function that occurs because toxic in liver failure accumulate in the brain [9]. Although the
substances normally removed by the liver can be molecular basis for the neurological disorder in HE
accumulated in brain. Many of these toxins are normal remains elusive, elevated ammonia and its chief metabolite
breakdown products of the digestive protein. Exactly glutamine are believed to be important factors responsible
which substances are toxic to the brain is not known. for altered cerebral functions, including multiple
However, high levels of protein breakdown products in neurotransmitter system(s) failure, altered bioenergetics
the blood, such as ammonia, appear to play a role. Arterial and more recently oxidative stress [9]. Evidence suggests
blood ammonia concentrations are frequently elevated in that HE is the consequence of the accumulation in brain
patients with all forms of HE and studies in experimental of neurotoxic and/or neuroactive substance including
animal models of acute and chronic liver failure reveal ammonia, manganese, aromatic amino acids, mercaptans,
blood and brain ammonia concentrations in the low phenols, short-chain fatty acids, bilirubin and a variety of
millimolar range [4]. Further evidence consistent with neuroactive medications prescribed as sedatives to
accumulation of toxic levels of ammonia in human HE is patients with liver failure [10]. Hepatic encephalopathy
provided by the results of recent studies using Positron can be a life-threatening complication of fulminant hepatic
Emission Tomography (PET) and NH  [5]. Such studies failure. By understanding the pathophysiology involved 13

3

demonstrate an increase in the cerebral metabolic rate for in the induction of this neuropsychiatric disorder, future
ammonia (CMRA) (i.e., the rate at which ammoniais taken therapeutic and/or preventive attempts could be
up and metabolized by brain). considered [11]. The role of trace elements in the

The liver is subject to injury from a wide variety of pathogenesis of liver cirrhosis and its complications is
toxic, infectious and metabolic diseases. Although plasma still not clearly understood. And the same is true in case
levels of Met-enkephalin and beta-endorphin are elevated of enzymes (such as AKP, CPK, LDH, S-GOT and S-GPT)
in patients suffering from liver failure, it is not known level and there is no study which shows the role of such
whether central nervous system (CNS) opioidergic parameters in these patient and therefore this study is
neurotransmission is altered in these patients. Such conducted with the main aim to explore these parameters
changes may contribute to the motor dysfunction, and the information collected will contribute to open up a
psychiatric abnormalities and CNS depression observed way to therapeutic approach in treating patients with
in HE [6]. hepatic encephalopathy.

Among the symptoms, there are few neuropsychiatric
signs and symptoms depending on the progression of the MATERIAL AND METHODS
disease resulting into decrease in the magnitude of
consciousness (from lethargy to somnolence to stupor Venous blood samples were collected from 15 healthy
and, eventually coma), impairment of intellectual capacity controls in fasting condition and similar condition was
(eg, reasoning, orientation) and progressive neurologic maintained while taking the blood samples of patients
deficits (eg, asterixis). Clinical diagnosis of overt hepatic with Hepatic encephalopathy (Table 1). All patients who
encephalopathy is not difficult, unlike diagnosis of the were above 12 years and had signs and symptoms of HE
subclinical form of the condition. An estimated 50% to either at presentation or during the course of hospital stay
80% of patients with cirrhosis have the subclinical form were studied. The study also included known cases of
[7-8]. liver cirrhosis developed HE. The hepatic encephalopathy

In portal-systemic encephalopathy resulting from is a diagnosis of exclusion [12] so we detected the hepatic
chronic liver failure, astrocytes manifest altered encephalopathy after excluding metabolic disorders,
expression of several key proteins and enzymes including infectious diseases, intracranial vascular events and
monoamine  oxidase  B,  glutamine   synthase   and  the intracranial space occupying lesions, knowledge of the
so-called    peripheral-type    benzodiazepine   receptors. existence of acute or chronic liver disease, the history to
In addition, expression of some neuronal proteins such as detect any existence of a precipitating factor and/or a prior
monoamine oxidase A and neuronal nitric oxide synthase history of hepatic encephalopathy through history and
are modified. In acute liver failure, expression of the relevant investigations. A detail clinical history of the
astrocytic glutamate transporter GLT-1 is reduced, leading patient was taken regarding the present and past
to increased extracellular concentrations of glutamate. illnesses. Inquiry was made about fever, GI bleeding,
Many of these changes have been attributed to a toxic including hematemesis and malena, constipation / diarrhea
effect of ammonia and/or manganese, two substances that /  vomiting,  diet  and  any   trauma   or  surgery. The Drug
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Table 1: Clinical data of controls and patients with Hepatic encephalopathy.  All values are expressed as mean± S.D
Patients n Female Age Albumin Total Protein
Healthy Controls 30 7 46±2.528 4.073±0.1747 7.18±0.16
HE patients 30 9 40.07±3.754 2.607±0.1584 *** 6.80±0.21*
* P < 0.05    *** P < 0.001

history particularly the use of diuretics, sedatives or
tranquilizers, non steroid anti-inflammatory drugs
(NSAID), anti-tussives and the past history of hospital
admission was also inquired. All patients were examined
carefully with attention to fever, anemia, jaundice,
dehydration and asterixis. The hepatic encephalopathy
was graded according to the West Haven classification
system [13]. The severity of liver cirrhosis was assessed
through Child-Pugh score system.

Venous blood samples are to be collected from all
participants in fasting conditions. 10 ml of blood are
collected and made to clot before serum was separated by
centrifuging at 5000 r.p.m for 20 min. This test tube
was collected and stored at –40°C prior to analysis of
Albumin using kit method on MICROLAB300. Kit method
is also used to determine the enzyme activities such as
AKP, CPK, LDH, S-GOT and S-GPT. All values are
expressed as Mean value ± Standard   deviation   (S.D).
All metals were determined by Atomic Absorption
(Hitachi, Japan) was determined by the previously
described method [14].

RESULTS

Table: 1 showed the levels total proteins and
Albumin content in patients with hepatic encephalopathy.
The results show significant decrease in albumin and total
protein levels in HE patients.

Table: 2 showed that the serum enzyme levels of
LDH, s-GPT s-GOT AKP and CPK. Among these investigators had used neurophysiological tools such as
enzymes, CPK level was decreased where as significant
increase in all other enzymes in patients with HE and the
ratio between SGOT and SGPT has increased significantly
in patients as compared to healthy subjects.

Table 3: showed serum level of magnesium, iron, zinc
and copper in HE patients and healthy subjects. All these
metal levels are significantly decreased except copper.

DISCUSSION

Hepatic Encephalopathy is a life threatening
complication of liver cirrhosis and is usually triggered by
an event such as an acute infection or an alcoholic binge,
damaging liver. Dehydration, an electrolyte imbalance and
certain drugs, especially some sedatives, analgesics  and

Table 2: Serum enzymatic activity of CPK LDH, S-GOT, S-GPT and
AKP in healthy controls and in patients with hepatic
encephalopathy. All values are expressed as mean± S.D

Enzyme Normal persons Hepatic encephalopathic patients
CPK 105.53±16.013 92.87±9.826*
ALP 129.73±14.123 148.07±11.027*
LDH 307.40±18.552 428.87±37.209 *
SGOT 19.27±1.318 51.13±4.940 ***
SGPT 20.33±2.065 89.13±15.654 ***
SGPT/SGOT Ratio 1.01±.065 1.78±0.110 ***
* p < 0.05    *** < 0.00

Table 3: Levels of serum Iron, Copper, Magnesium and Zinc in healthy
controls and in patients with hepatic encephalopathy. All values
are expressed as mean± S.D

Metal Normal persons Hepatic encephalopathic patients
Magnesium 19.47±0.73 10.70±0.78***
Iron 4.01±0.22 2.24±0.14***
Zinc 6.17±0.39 2.11±0.08***
Copper 2.12±0.09 2.14±0.11
*** P < 0.001

diuretics may also trigger encephalopathy [37]. The liver
is an essential organ for the maintenance of life; due to its
metabolic activitiesin maintaining the body's normal
homeostatic mechanism. The more prominent of these
functions are the synthesis of plasma proteins, catabolism
and maintenance of carbohydrate storage, mobilization of
body fat, detoxification and the formation and elimination
of bile. HE has been defined as a condition in which
patient with cirrhosis, regardless of its etiology,
demonstrate a number of quantifiable neuropsychological
defects and yet, on clinical examination have a normal
mental and neurological status [15]. Recently, several

quantitative electro-encephalogram (EEG) analysis and
exogenous or endogenous evoked potentials (EP) for the
diagnosis of HE. The use of exogenous EP failed to detect
HE with an accurate sensitivity. However, the use of
endogenous event-related cerebral potentials (ERPs)
seems to be really helpful in diagnosis of HE. Focal
neurological signs are poorly documented in the course
of HE in cirrhotic patients because they are not mentioned
in any textbooks of liver diseases. The clinical
manifestations of HE range from minimal changes in
personality and motor activity, to overt deterioration of
intellectual function, decreased consciousness and coma
and appear to reflect primarily a variable imbalance
between excitatory and inhibitory neurotransmission.
Recently  it  is  also  shown   that   subjects   with  hepatic
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encephalopathy can develop memory alterations, which disturbances. Several observations suggest that patients
is attributed to brain oxidative metabolism in an animal with hepatic failure may suffer from disturbances in
model of chronic cirrhosis [16]. The conclusions were cerebral metabolism that can be related to elevated levels
drawn from findings which suggest that cirrhotic rats of arterial ammonia. One effect of ammonia is the
show spatial working memory deficits that could be inhibition  of   the   rate  limiting  TCA  cycle  enzyme
related to the alteration of metabolic activity of neural alpha-ketoglutarate dehydrogenase (alpha KGDH) and
regions thought to be involved in the processing of possibly also pyruvate dehydrogenase, but this has been
spatial memories. An electroencephalogram (EEG) may regarded to be of no quantitative importance [17, 18].
help in diagnosing early encephalopathy. Even in mild The plasma activities of alanine aminotransferase
cases, an EEG shows abnormal slowing of brain waves. (ALT), previously known as s-GPT (serum glutamic
Blood tests usually show abnormally high levels of pyruvate transaminase) and aspartate aminotransferase
ammonia and albumin, but measuring the level is not (AST), previously known as s-GOT (serum glutamic
always a reliable way to diagnose encephalopathy. oxaloacetate transaminase) are useful indicators of

The clinical, neurological and biological hepatocellular injury. Our study did show elevated levels
characteristics of the so-called acquired hepatocerebral of both s-GOT  and  s-GPT  in  HE  patients  (Table  2).
degeneration have not yet been fully determined and its The magnitude of their elevation may be proportional to
frequency remains largely uncertain. Further more, the number of hepatocytes affected, so the absolute
decrease in the serum ratio of branched-chain amino acids concentrations of the aminotransferases and their
(BCAAs) to aromatic amino acids (Fischer ratio) reflects temporal elevation provide useful clinical clues to the
the severity of hepatic encephalopathy and clinical cause of the liver disease [19]. s-GPT are involved in
improvement by dietary augmentation with BCAAs has gluconeogenesis and are present in a variety of tissues in
been demonstrated [17]. Albumin synthesis is an addition to the liver. s-GPT is present as a cytosolic
important function of the liver and with progressive liver enyzme; largest quantities are found in the liver, although
disease serum albumin level falls, reflecting decreased it can be found in striated muscle and in  the  brain  [20].
synthesis as we have observed in our patients (Table 2). In contrast, s-GOT is found in both the mitochondrial and
Albumin levels are dependant on a number of other cytosolic fractions of the liver and in large quantities in
factors such as the nutritional status, catabolism, striated muscle (i.e., skeletal and cardiac), the brain,
hormonal factors and urinary and gastrointestinal losses. kidneys, lungs and RBC. s-GOT and s-GPT activity in liver
Add to this, the measurement of the plasma or serum are about 7,000 and 3,000 times serum activities,
concentrations of total bile acids and gamma glutamyl respectively [21-22]. Both these enzymes require
transferase (gamma GT) may provide valuable diagnostic pyridoxal-5'-phosphate (P-5'-P) for maximum activity,
information. However, the specific diagnosis can be although the effect of deficient P-5'-P on ALT is greater
confirmed by ultrasound examination of the liver and than that on s-GOT [23]. In renal failure, s-GOT and s-GPT
histological examination of a liver biopsy specimen [2]. are significantly lower than in healthy individuals,
The treatment with antibiotics and polyionic fluids, in perhaps due to serum binders of P-5'-P, as total P-5'-P is
association with supportive nutritional care, is usually elevated [24]. Because of marked differences between
necessary to maintain until sufficient liver regeneration laboratories,  standardization  of  methods  is  a  priority.
occurs to provide adequate function. The use of In the interim, alternative methods to minimize differences
corticosteroids is contraindicated, except for patients with between laboratories, such as expressing results as
chronic active hepatitis. In some cases, e.g. portosystemic multiples of the reference limit [25]; have been shown to
shunts or cholelithiasis, surgical intervention is indicated. minimize between-laboratory variation [26].
Liver disease may be more common than is currently Liver diseases are the most important causes in
appreciated since little accurate information on the increasing s-GPT activity. A number of factors other than
prevalence or incidence is available. In moderate HE, the liver diseases affect s-GOT and s-GPT activities. In our
blood ammonia level is shown to rise on the third day and study both s-GOT and s-GPT are increased significantly
then drops back to the initial values [3]. Due to the in HE patients. Further more; LDH is significantly
changes in permeability of blood-brain barrier the increased in these patients. It was observed in an earlier
ammonia level in the brain also increases which results in study that in patients with liver cirrhosis there is strong
both stimulating and inhibitory neurotransmission association  with  early   atherosclerosis   independent  of
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classical risk factors, insulin resistance and metabolic of magnesium; however, the concentration of magnesium
syndrome components [27]. We have recently reported was reported not significantly different between patients
that LDH is associated in liver patients and not in diabetic with liver cirrhosis and controls in the recent study [34].
patients [28]. Hence, the enzymatic activity of both s- In another study it was reported that patients with
GOT, s-GPT and their ratio should be included as markers cirrhosis have significantly lower muscle magnesium than
to confirm HE apart from other standard tests followed in controls and it was suggested that low muscle magnesium
clinical laboratories. may be a factor associated with or precipitating hepatic

The role of trace elements in the pathogenesis of HE encephalopathy [36].
and its complications is still not clearly understood.
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