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Background and Objective : Hepatic encephalopathy (HE) is a major 

complication characterized with neuropsychiatric symptoms It’s etiology is 

multifactorial . So we aimed to study serum ammonia, TNF-alfa and IL-6 

levels on the degree and outcome of hepatic encephalopathy in Egyptian 

cirrhotic patients. 

Patient and Method : The study included 89 patients with liver cirrhosis 

complicated with HE (Patients group) and 60 cirrhotic patients without HE 

as control group (group 3), the patients group divided into subgroups 

according to the grade of encephalopathy from the beginning the study, 

group A encephalopathy: grade 1 and 2 and group B encephalopathy: grade 3 

and 4. 

All patients were followed up for 7 days, then divided into 2 groups 

according to the response to treatment ; group 1: complete recovery and 

group 2: with improper response.  

Results:There were statistical difference between patients groups (group 1 

and 2) and control group (group 3) in terms of blood ammonia levels (66.5 ± 

22.5, 13 ± 4.8), serum TNF-α levels (21.6 ± 3.2, 2.3 ±.2) and mean serum IL-

6 (63.9 ± 15.9, 4 ± 1.29) respectively. There were statistical difference 

between group 1 and group 2 in terms blood ammonia levels (46 ± 12.8, 86.5 

± 30.5), mean serum TNF-α levels (7.1 ± 2.9, 29.4 ± 13.3) and mean serum 

IL-6 (19 ± 9.2, 93.9 ± 20.9). Results also, showed statistical significant 

difference between group 2A and group 2B in terms of blood ammonia level 

(79.2 ± 20.6, 173.7 ± 38.7), mean serum TNF-α levels (18.1 ± 5.3, 39.9 ± 

14.5) and mean serum IL-6 levels (69.2 ± 11.1, 118.2 ± 13.8). In group 2 

there were significant positive correlation between serum TNF with blood 

ammonia level (r = 0.843, P = 0.001), serum IL-6 (r = 0.732, P = 0.001) and 

between IL-6 and blood ammonia level (r = 0.699, P = 0.001).  

Conclusion: there is a strong relation between high blood level of ammonia, 

TNF alfa, IL-6 and grade and outcome of HE in cirrhotic patients. 
 

Copy Right, IJAR, 2015,. All rights reserved 

  

 

Introduction 
Hepatic encephalopathy (HE) is a neurocognitive disorder in which brain function is impaired and is associated with 

both acute and chronic liver dysfunction [1]. According to the newest data, HE occurs as one of four types. 

Therefore, this encephalopathy syndrome might be classified into four groups: A, B, C and D [2-4]. Type A HE is 

associated with acute liver failure. Type B HE is associated with portosystemic shunt or by pass. Type C is 

associated with (cirrhosis) and portal hypertension with portosystemic shunts.. Type D is associatedwith disorders of 

the urea cycle [5,6]. One of toxins possibly implicated in the aetiology of HE is  ammonia [7], however, HE, 
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hepatocellular failure and portosystemic shunting disable the ability of the liver to neutralize ammonia, leading to 

increasing its arterial level. Ammonia can induce astrocyte swelling as the result of osmotic imbalance leading to a 

major role in the pathogenesis of HE [8-10]. There was suggestion that inflammatory response (such as elevation of 

pro-inflammatory cytokines)is increased in response to infection and/or systemic inflammation, and oxidative stress, 

participate in a synergistic relationship with ammonia in the pathogenesis of HE [11-13]. Cytokines are molecules 

secreted from immune cells as a part of immune regulatory system, and had many effects on the inflammatory 

process.  IL-6 is an interleukin that act as both pro-inflammatory and anti-inflammatory cytokine. It is secreted from 

macrophages and T-cells to stimulate immune response. [14]. There were studies indicate that mediators of 

inflammation (tumor necrosis factor-alpha (TNF- α), interleukin-I beta (IL- I β), interleukin-6 (IL-6) may exacerbate 

the effects of ammonia on the brain leading to more exacerbation of encephalopathy [13,15].   

Also TNF-α is released early during infection and can influence the permeability of the blood brain barrier [16]. 

Moreover, an association between circulating TNF-α levels in patients with acute [17] and chronic liver failure and 

the severity of HE, regardless of aetiology, has been recognized [18]. Bémeur et al. [19] investigated the effect of 

IL-1β, TNF-α and interferon-α (IFN-α) gene deletions on the onset of HE.  

 

In this study we aim to demonstrate the relationship between the proinflammatory marker TNF, interlukin-6 and 

serum ammonia level already with their relationship with the outcome and the degree of hepatic encephalopathy 

 

Patients and methods 
This study was performed in the Department of Internal Medicine, Zagazig University Hospitals, Egypt, between 

June 2013 to July 2014. 

The study included one hundrad patients with liver cirrhosis complicated with HE (Patients group) and about 60 

hepatic cirrhotic patients without HE (control group). 

We obtained informed consent from each patient or from an immediate family member if the patient was unable to 

give consent. 

Inclusion criteria:  

The diagnosis of hepatic encephalopathy was made when mental status was altered and appropriate laboratory 

and diagnostic testing excluded other  causes of mental status changes. Symptoms of hepatic encephalopathy is 

performed according to the so-called West Haven Classification system [20].  

Exclusion criteria: 

Other causes of mental status changes (cerebro-vascular stroke, organs failure, endocrinal and metabolic causes) are 

excluded.  

Research steps: Cirrhosis was diagnosed with history, clinical, laboratory and ultrasonographic findings. Patients 

group (cirrhotics with hepatic encephalopathy) were divided into subgroups according to the grade of encephalopathy 

from the beginning the study; group A: encephalopathy grade 1 and 2 and group B: encephalopathy grade 3 and 4. 

All patients were followed up for 7 days with proper management for HE, then divided into 2 groups according to 

the response to treatment; group 1: Complete recovery and group 2: with improper response. Beside that we selected 

60 cirrhotic patients without HE as control group (group 3). 

The following were done for all patients: full history (precipitated factors for HE, viral hepatitis, drug intake, previous 

variceal bleeding) clinical examination including signs of portal hypertension such as ascites. 

All participants were subjected to laboratory tests in form of liver and kidney function tests, Fasting glucose, lipid 

profile and blood ammonia level on a Roche Diagnostics Cobas 6000 (c 501 module) autoanalyzer. Coagulation 

screen (PT, INR) on Roche Diagnostics CA1500 autoanalyzer. Viral markers on Roche Diagnostics Cobas e411 

autoanalyzer. 

The serum IL-6 levels were studied with ELISA (eBioscience, USA) with overall intra-assay coefficient of variation 

was 3.4% and inter-assay coefficient of variation was 5.2%. 

The serum TNF-α levels were studied with ELISA (eBioscience, USA) with overall intra-assay coefficient of 

variation was 6% and inter-assay coefficient of variation was 7.4%. 

Blood Ammonia Determination: 

Fasting venous blood samples were obtained immediately after mental status assessment. Samples were drawn into 

K2-EDTA plasma (free from hemolysis and lipemia), placed immediately on ice, and taken to the clinical laboratory 

where they were processed and analyzed within 30 minutes of having been obtained. Total ammonia levels were 

determined in venous plasma by the enzymatic method, using the glutamate dehydrogenase reaction with reagents 
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obtained from Roche Diagnostics (GmbH, Germany) according to the manufacturer’s protocol on a Roche Diagnostics 

Cobas 6000 (c 501 module) autoanalyzer.  

Blood ammonia level, TNF-α and IL-6 was done in the blood before and after follow up period. 

Other investigations 

Liver cirrhosis was diagnosed by ultrasound scan of liver and possibly CT, MRI scan and or liver biopsy. Liver 

biopsy also used for diagnosis of steatohepatitis (NASH) if suspected, rectal snip for diagnosis of bilharisis. Also upper 

endoscopy was done for diagnosis or treatment of gastroesophageal varices. 
 

 

Statistical analysis 

SPSS 13.0 was used for statistical evaluations.One-way ANOVA and Post Hoc (Bonferroni test) was used for 

comparison of independent groups.Values were given mean ± SD. Mann-Whitney U test and independent t-test was 

used for comparisons of patients and healthy subjects.P<0.05 was accepted as statistically meaningful difference. 

 

Results  
The number of patients became eighty nine due to death of eleven patients during the study, cause of cirrhosis was 

mostly due to HCV as HCV antibodies were positive in about 57 from all the patients, there was combined lesion of 

bilhriasis with HCV infection in about 10 patients, HBV infection with HCV infection in 9 patients, followed by 

HBV infection in about 7 patients and 6 patients was diagnosed as cirrhosis secondary to NASH.  

Patients who showed good response with nearly complete recovery from the encephalopathy was 57  (group 1), in 

this group 30 patients were classified at time of admission as encephalopathy grade 1 to 2 (group 1A) and 27 

patients were classified as encephalopathy grade 3 to 4 (group 1 B), patients in this group were 30 Child B and 27 

Child C, the precipitating factor of HE in this group was due to unknown cause in 4 patients, spontaneous bacterial 

peritonitis in 6 patients, constipation in 8 patients, hepatocellular carcinoma in 2 patients, variceal bleeding in 15 

patients, diet in 10 patients and electrolyte imbalance in 12 patients. 

On the other hand patients who showed improper response to treatment with prolonged state of encephalopathy was 

32 patients and, in this group 8 patients were classified at time of admission as 

encephalopathy grade 1 to 2 (group 2A) and 24 patients were classified as encephalopathy grade 3 to 4 (group 2 B) 

patients in this group were 17 Child B and 15 Child C, the precipitating factor of HE in this group was due to 

unknown cause in 3 patients, spontaneous bacterial peritonitis in 13 patients, constipation in 2 patients, 

hepatocellular carcinoma in 4 patients, variceal bleeding in 7 patients, diet in 0 patients and electrolyte imbalance in 

3 patients. 

There were statistical significant differences between patient group (group 1 and 2) and control group( group 3) in terms 

of blood ammonia levels, serum TNF-α levels and mean serum IL-6 respectively (Table 1). 

There was no statistical significance between male/female ratio and mean age of the groups. There were statistical 

significant difference between group 1 and group 2 in terms blood ammonia levels,mean serum TNF- levels and 

mean serum IL-6 (Table 2). 

Our results, showed statistical significance difference between group 2A and group 2B in terms of blood ammonia 

level, mean serum TNF-α levels, and mean serum IL-6 (Table 3). 

There were no statistical significant difference between patients Child classification B and C in terms of mean serum 

TNF-α, serum ammonia levels and mean serum IL-6 levels at time of admission.  

In group 2 there were significant positive correlation between serum TNF with blood ammonia level, serum IL-6 

and between IL-6 and blood ammonia level. But In group 1 there were no significant correlation between this 

measures (Table 4). 

 
 

Table 1 : Difference between control group and  patients group  as regard blood ammonia, TNF, and IL-6. 

 
Control  group 

N = 60 

Patient group 

N =  89 
P 

Ammonia 

(μg/dL) 

13 ± 4.8 66.5 ± 22.5 0,0001 

TNF (pg/ml)  2.3 ± 0.2 21.6 ± 3.2 0,0001 

IL-6 (pg/ml) 4 ± 1.2 63.9 ± 15.9 0,0001 
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Table 2: difference of  laboratory data between group 1 and group 2 patients 

 
Group1 

N= 57 

Group2 

N=32 
 P 

Ammonia (μg/dL) 46±12.8 86.5±30.5  0.0001 

TNF (pg/ml) 7.1 ±  2.9 29.4 ± 133  0.0001 

IL-6 (pg/ml) 19±9.2 93.9 ±20.9  0.0001 

INR 1.8±0.5 2.8±1.0  0.03 

Albumin (g/dl) 2.9±0.6 2.1±0.3  0.02 

Bilirubin (mg/dl) 3.2±1.9 3.6±2.0  NS 

Creatinine (mg/dl) 1.1±0.3 1.3±0.5  NS 

BUN (mg/dl) 28.7±5.0 23±4.7  NS 

 

 

 

Table 3: Difference between TNF, Ammonia  and IL-6  in subgroup A and B (2A and 2B). 

  
Group 2A  Group 2B 

P 
N = 8  N =  24 

Ammonia (μg/dL)  79.2±  20.6  173.7 ± 38.7 0.0001 

TNF (pg/ml)  18.1±5.3  39.9±14.5 0.0001 

IL-6 (pg/ml)  69.2±11.1  118.2±13.8 0.0001 

 

 

 

Table 4: Correlation between TNF, Ammonia  and  IL-6  in group 2 (A&B) 

            N              R          P 

TNF and Ammonia            32           0.843         0.001 

TNF  and IL-6                      32           0.732         0.001 

Ammonia and IL-6                       32           0.699         0.001 

 

 

DISCUSSION 
Hepatic encephalopathy (HE) is a major complication characterized with neuropsychiatric symptoms.It’s etiology and 

pathogenetical mechanisms are not clearly understood and probably it is multifactorial. 

The relation between several cytokines and HE pathogenesis were evaluated in many studies.Most of these studies 

are focused on TNF-α [21]. 

In our study, results showed statistical significant difference between patients who showed good response with 

nearly complete recovery (group 1) and patients who showed improper response to treatment with prolonged state of 

encephalopathy (group 2) and between hepatic encephalopathy grade 1 to 2 patients (group 2A) and hepatic 

encephalopathy grade 3 to 4 patients (group 2B) as regard serum ammonia level and this correlated with Ong et al 

who demonstrated that all four measures of ammonia; arterial total ammonia, venous total ammonia, arterial partial 

pressure of ammonia, and venous partial pressure of ammonia increased with the severity of hepatic encephalopathy 

[22]. Other studies [23,24] found the relation between plasma ammonia and the severity of the encephalopathy was 

variable. This discrepancy could be resolved by accounting for the frequent use of venous ammonia levels, which 

are appreciably lower than arterial ammonia, to which the brain is exposed [25]. Shawcross et al explained the 

hypothesis of ammonia in HE by that Hyperammonemia leads to the accumulation of glutamine within astrocytes, 
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which exerts an osmotic stress that causes astrocytes to take in water and swell [13]. But this relation is not apparent 

in group 1, in which there is no significant correlation between serum ammonia and degree of encephalopathy 

Also our results showed statistical significant difference between group 1 and group 2 in terms of mean serum TNF-α 

level and mean serum IL-6 level in which this results agreed with Odeh, who investigated the relation between clinical 

severity of HE and serum cytokines and TNF-α level, and they found that there was a positive correlation between 

TNF-α levels and the severity of the HE [21] and, in addition, mean TNF-α level of a patient group, consisted of 40 

patients with grade 3 HE at the beginning of the study were significantly decreased when they improved to stage1. 

In our study, we similarly found a relation between clinical stages of HE and serum TNF-α and IL-6 levels in group 

2 with statistical difference between group 2A and group 2B in terms of mean serum TNF-α levels and mean serum 

IL-6, in which this explained by de Vries et al, who demonestrated that elevated level of inflammatory cytokines 

such as TNF, IL-1β and IL-6 which have been shown in vitro to compromise the integrity of the blood brain barrier. 

This is mediated through the cyclo-oxygenase (COX) pathway within the endothelial cell [26]. 

Interestingly we found that no statistical significant difference between group 1A and group 1B in terms of mean 

serum TNF-α level although that there were different grades of encephalopathy in this group. On the other hand in 

group 2 there were significant positive correlation between serum TNF and blood ammonia level and serum IL-6 

and between IL-6 and blood ammonia level, on the other hand this group of patients responded to treatment after 

follow up period, so we could notice the correlation between TNF, ammonia and IL-6 with each other in group 2, in 

which this phenomenon may be due to the synergistic effect of them with each other.  

As elevated level of inflammatory cytokines and ammonia have been shown to be important in the pathogenesis of 

HE in cirrhosis, the question were the infection and/or the inflammation had a synergistic relationship with ammonia ? 

[27]. Marini and Broussard used mice with a deficiency in a critical urea cycle enzyme conferring chronic 

hyperammonemia, to demonstrate an increased sensitivity to inflammation. Furthermore, the hyperammonemic mice 

developed longer lasting and stronger cognitive defects when exposed to an inflammatory stimulus [28]. 

The peripheral immune system communicates with the brain in response to infection and inflammation as astrocytes 

and microgial cells release cytokines in response to injury or inflammation [29]. Findings from studies in rats found 

that the rise in blood levels of TNF that occurs during inflammation stimulated glial cells to secrete the cytokines 

IL1and IL-6 [30]. TNF also compromised the endothelial blood–brain barrier and IL-1B affects the integrity of the 

glial side of the blood–brain barrier [27,31]. Both TNF and IL-6 enhances fluid–phase permeability of isolated brain 

endothelial cells in vitro, and TNF also increases the diffusion of ammonia into astrocytes [32].  

Microglial activation is followed by highly increased levels of proinflammatory cytokines (TNF, IL-1 and IL-6) in 

the brain [33,34]. This discovery revealed a new aspect of HE, provided a new look at the pathophysiology of HE 

and opened a new gate into the pharmacotherapy of HE.  

This neuroinflammatory concept is also supported by the therapeutic effect of mild hypothermia and indomethacin, 

which reduces the activation of microglial cells and simultaneously prevents the central proinflammatory process in 

mild HE [33,35].  

Other study obtained, once SIRS (Systemic Inflammatory Response Syndrome) and the infection had been 

successfully treated, and patient’s levels of the inflammatory markers as tumor necrosis factor (TNF), interleukin 

(IL-1) and IL-6 had returned to normal, their psychometric test results did not deteriorate after hyperammonemia 

was induced [13]. 

On the other hand, Shawcross, et al told that the presence and severity of mild HE were independent of both serum 

levels of ammonia and the severity of liver disease; but serum levels of inflammatory markers (such as C reactive 

protein, white blood cell count, IL-6) were much higher in patients with mild HE than in patients without mild HE 

[36]. 

Our results revealed a new aspect of HE, provided a new look at the pathophysiology of HE and opened a new gate 

into the pharmacotherapy of HE in the future and dealing with HE perfectly and directly or indirectly target the 

proinflammatory milieu. So we recommended other researchers to study other inflammatory markers in prognosis of 

HE to know the more important one and deal with it. 

 

References 
 1.  Prakash, R., and Mullen,D.K. Mechanisms, diagnosis and management of hepatic encephalopathy. nature reviews |  

gastroenterology & hepatology 201 0 ;7:515-125. 

 2.  Wakim-Fleming J. Hepatic encephalopathy: suspect it early in patients with cirrhosis. Cleve Clin J Med 2011; 

78: 597-605. 



ISSN 2320-5407                               International Journal of Advanced Research (2015), Volume 3, Issue 4, 375-381 

380 

 

3.   Quadrennial reviews and working party reports from the World Congress in Gastroenterology. February 24-       

March 1, 2002. Bangkok, Thailand. 

J Gastroenterol Hepatol. 2002 Feb; 17 Suppl:S1-195. 

4.  Mullen KD. Review of the final report of the 1998 Working Party on definition, nomenclature and diagnosis of 

hepatic encephalopathy. Aliment Pharmacol Ther 2007; 25 Suppl 1: 11-16. 

5.  Urea cycle disorders in Thai infants: a report of 5 cases. Wasant P, Srisomsap C, Liammongkolkul S, Svasti J. J              

Med Assoc Thai. 2002 Aug;85 Suppl 2:S720-31.  

6.  Hawrot-Kawecka AM,Kawecki GP, Duława J. [Hyperammonemia type II as an example ofurea cycle            

disorder] Wiad Lek. 2006;59:512–515. 

7.  Butterworth RF. Neurotransmitter dysfunction in hepatic encephalopathy: new approaches and new findings. 

Metab Brain Dis 2001; 16:55–65. 

8. Caruana P. Shah N. Hepatic Encephalopathy: Are NH4 Levels andProtein Restriction Obsolete? Practical 

Gastroenterology 2011May; 95:6-18. 

 9.   Häussinger D, Schliess F. Pathogenetic mechanisms of hepatic encephalopathy. Gut 2008; 57:1156-1165. 

10. Tanigami H, Rebel A, Martin LJ, Chen TY, Brusilow SW, Traystman RJ, Koehler RC. Effect of glutamine 

synthetase inhibition on astrocyte swelling and altered astroglial protein expression during hyperammonemia in 

rats. Neuroscience 2005; 131: 437-449.  

11. Rolando N, Wade J, Davalos M, Wendon J, Philpott-Howard J, Williams R. The systemic inflammatory 

response syndrome in acute liver failure. Hepatology. 2000;32:734–739.  

12. Vaquero J, Polson J, Chung C, Helenowski I, Schiodt FV, Reisch J, Lee WM, Blei AT. Infection and the 

progression of hepatic encephalopathy in acute liver failure. Gastroenterology. 2003; 125: 755–764.  

13. Shawcross DL, Davies NA, Williams R, Jalan R. Systemic inflammatory response exacerbates the 

neuropsychological effects of induced hyper-ammonemia in cirrhosis. J Hepatol. 2004; 40: 247–254.  

14.  Van der Poll T, Keogh CV, Guirao X, Buurman WA, Kopf M, Lowry SF et al. "Interleukin-6 gene-deficient 

mice show impaired defense against pneumococcal pneumonia". J Infect Dis 1997; 176 (2): 439–444.   

15.  Jalan R. The molecular pathogenesis of hepatic encephalopathy.Int J Biochem Cell Biol, 2003; 35(8):1175-

1181. 

16.  Didier N, Romero IA, Créminon C, Wijkhuisen A, Grassi J, Mabondzo A. Secretion of interleukin-1beta by 

astrocytes mediates endothelin-1 and tumour necrosis factor-alpha effects on human brain microvascular 

endothelial cell permeability. J Neurochem. 2003;86:246–254.  

17.  Streetz K, Leifeld L, Grundmann D, Ramakers J, Eckert K, Spengler U, Brenner D, Manns M, Trautwein C. 

Tumor necrosis factor alpha in the pathogenesis of human and murine fulminant hepatic failure. Gastroenterology. 

2000;119:446-460.  

18.  Odeh M, Sabo E, Srugo I, Oliven A. Serum levels of tumor necrosis factor-alpha correlate with severity of hepatic 

encephalopathy due to chronic liver failure. Liver Int. 2004; 24:110–116.  

19. Bémeur C, Qu H, Desjardins P, Butterworth RF. IL-1 or TNF receptor gene deletion delays onset of 

encephalopathy and attenuates brain edema in experimental acute liver failure. Neurochem Int. 2010; 56:213–

215.  

20.  Ferenci P, Lockwood A, Mullen K, Tarter R, Weissenborn K, Blei AT. Hepatic encephalopathy-definition, 

nomenclature, diagnosis, and quanti-fication: final report of the working party at the 11th World Congresses of 

Gastroenterology, Vienna, 1998. Hepatology. 2002;35:716–721.  

21.  Odeh M.Pathogenesis of hepatic encephalopathy: the tumour necrosis factor-alpha theory.Eur J Clin Invest; 2007; 

37(4):291-304. 

22.  Ong JP, Aggarwal A, Krieger D, Easley KA, Karafa MT, Van Lente F, Arroliga AC, Mullen KD. Correlation 

between ammonia levels and the severity of hepatic encephalopathy. Am J Med. 2003; 114:188–193.  

23.  Blei AT, Butterworth RF. Hepatic encephalopathy. Semin Liver Dis 1996;16:233-239. 

24.   Ferenci P, Pu  ̈ spo¨k A, Steindl P. Current concepts in the pathophysiology of hepatic encephalopathy. Eur J Clin 

Invest 1992;22:573-581. 

25.   Stahl J. Studies of the blood ammonia in liver disease. Ann Intern Med 1963; 58:1-24.  

26.  De Vries HE, Blom-Roosemalen MC, van Oosten M, de Boer AG, van Berkel TJ, Breimer DD, Kuiper J. The 

influence of cytokines on the integrity of the blood-brain barrier in vitro. J Neuroimmunol. 1996; 64:37–43.  

27.  Blei AT. Infection, inflammation and hepatic encephalopathy, synergism redefined. J Hepatol. 2004; 40:327–

330.  

28. Marini JC, Broussard SR. Hyperammonemia increases sensitivity to LPS. Mol Genet Metab. 2006; Jun; 

88(2):131-7.  

http://www.ncbi.nlm.nih.gov/pubmed/12403252


ISSN 2320-5407                               International Journal of Advanced Research (2015), Volume 3, Issue 4, 375-381 

381 

 

29.  Haussinger, D. & Schliess, F. Astrocyte swelling and protein tyrosine nitration in hepatic ence-phalopathy. 

Neurochem. Int. 2005; 47, 64–70. 

30.  Moldawer LL, Georgieff M, Lundholm K. Interleukin 1, tumour necrosis .... Cachectin/tumor necrosis factor-

alpha alters red blood cell kinetics and induces anemia in vivo. FASEB J. 1989 Mar;3(5):1637– 1643. 

31.  Didier, N. et al. Secretion of interleukin-1β by astrocytes mediates endothelin-1 and tumour necrosis factor-α 

effects on human brain microvascular endothelial cell permeability. J. Neurochem. 2003; 86, 246–254.  

32.  Duchini A, Govindarajan S, Santucci M, Zampi G, Hofman FM: Effects of tumor necrosis factor-      

α and interleukin-6 on fluid-phase permeability and ammonia diffusion in CNS-derived endothelial cells. J Investig 

Med 1996, 44:474–482.  

33. Jiang W, Desjardins P, Butterworth RF. Direct evidence for central proinflammatory mechanisms in rats with 

experimental  acute liver failure: protective effect of hypothermia. J Cereb Blood Flow Metab 2009; 29: 944-952 . 

34.  Rodrigo R, Cauli O, Gomez-Pinedo U, Agusti A, Hernandez- Rabaza V, Garcia-Verdugo JM, Felipo V. 

Hyperammonemia  induces neuroinflammation that contributes to  cognitive impairment in rats with hepatic 

encephalopathy. Gastroenterology 2010; 139: 675-684.  

35.  Wright G, Chattree A, Jalan R. Management of hepatic encephalopathy. Int J Hepatol 2011; volume 2011: 

841407.  

36.   Shawcross, D. L., Wright, G., Olde Damink, S. W. & Jalan, R. Role of ammonia and inflammation in minimal       

hepatic encephalopathy. Metab. Brain Dis. 2007; 22, 125–138.  

 

 

 
 


