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glutathione peroxidase (GPx) and catalase (CAT), differ 
from each other in structure, tissue distribution and cofactor 
requirement.[3] 

The SOD is a group of metalloenzymes whose function 
appears to be protection of cells from the toxic effects of 
the endogenously generated superoxide radicals.[4] GPx is 
a selenocysteine-dependent enzyme that protects against 
oxidative injury. Endogenous activity of GPx is dependent 
on an adequate supply of the micronutrient selenium.[5] 
GPx enzymes are the most important hydrogen peroxide 
(H2O2)-removing enzymes in mammalian cells.[6] CAT is an 
essential enzyme in the decomposition of intracellular H2O2. 
It promotes the breakdown of H2O2 into water and oxygen 
without producing free radicals. CAT, which is located in 
peroxisomes, is found in essentially all aerobic cells.[4,5]

Disturbances in the antioxidant system could play a role 
in pathogenesis of chronic liver disease.[7,8] Liver disease 
in infancy has multiple etiologies. As reactive oxygen 
intermediates are involved in several types of tissue damage, 
it has been investigated whether different forms of liver 

Reactive oxygen species (ROS) are well recognized for 
playing a dual role as both deleterious and beneficial species. 
ROS are normally generated by tightly regulated enzymes, 
such as nitric oxide synthase. Beneficial effects of ROS (e.g., 
superoxide radical) occur at low/moderate concentrations 
and involve physiological roles in cellular responses to noxia, 
such as in defense against infectious agents, in the function 
of a number of cellular signaling pathways, and the induction 
of a mitogenic response. In contrast, overproduction of ROS 
[arising either from mitochondrial electron transport chain 
or excessive stimulation of NAD(P)H] results in oxidative 
stress.[1] 

Oxidative stress is an abnormal phenomenon occurring 
inside our cells or tissues when production of oxygen 
radicals exceeds their antioxidant capacity. Excess of free 
radicals damage essential macromolecules of the cell, 
leading to abnormal gene expression, disturbance in receptor 
activity, proliferation or cell death, immunity perturbation, 
mutagenesis, protein or lipofuscin deposition.[2] Antioxidant 
enzymes catalyze decomposition of ROS. The three major 
antioxidant enzymes, superoxide dismutase (SOD), 
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disease in infancy are associated with increased free radical 
generation, using an indirect approach in which SOD (a free 
radical scavenger) activity is determined in the liver tissue.[9]

To our knowledge, no studies to evaluate the oxidative status 
in pediatric liver tissue have been performed so far; therefore, 
our aim was to study the oxidative status in children with 
cholestatic chronic liver disease using an indirect approach 
in which antioxidant enzymes, namely, GPx, SOD and CAT 
were determined in the liver tissue.

MATERIALS AND METHODS

The present study included 34 children and adolescents (19 
males and 15 females) suffering from cholestatic chronic 
liver disease. Patients were newly diagnosed and selected 
from Hepatology Clinic, New Children’s Hospital, Cairo 
University, and were compared with a group of seven children 
who happened to have incidental “normal” liver biopsy (as a 
control group). Liver biopsy was indicated in these children 
as they exhibited persistent/intermittent elevations of liver 
enzymes for more than 6 months. Informed consent was 
obtained from the parents of children according to guidelines 
of the ethical committee of the National Research Centre, 
Dokki, Egypt. 

The patients were divided into 3 groups: 
Group I: Extrahepatic biliary atresia (EHBA) (n=13)
Group II: neonatal hepatitis (NH) (n=15)
Group III: paucity of intrahepatic bile ducts (PIBD) (n=6) 

Exclusion criteria
Patients with acute viral hepatitis, immune hepatitis, 
Wilson disease, concurrent conditions in which free radical 
production is elevated like other inflammatory processes 
that occur outside the liver or intake of antioxidant drugs 
affecting free radical scavenging such as vitamins C, A and 
E at the time of biopsy.

All cases were subjected to:
I)  Full history taking including personal history details, 

past and family histories; vaccination history 
II)  Thorough clinical examination including anthropometric 

measurements including height and weight , vital signs, 
general and local abdominal examination 

III) Routine laboratory investigations including urine 
and stool analysis, complete blood count using 
Coulter counter, assessment of liver functions (total 
and direct bilirubin, alanine transaminase, aspartate 
transaminase and gamma glutamyl transpeptidase; 
serum total proteins and albumin; prothrombin time 
and concentration) 

IV)  Other laboratory investigations when needed, e.g., IGgIGg
V)  Abdominal ultrasonography

VI) GPx, SOD and CAT levels in fresh liver tissue (cell-free 
homogenates) using Enzyme-Linked Immunosorbent 
Assay.

Collection of samples
Liver tissue core was taken from each case using modified 
Minghini needle (sure cut). Each sample was divided into 
3 portions, 1 for estimation of each enzyme and was stored 
at -80°C till assay.

GPx assay
Liver biopsy was washed in phosphate buffer, pH 7.4. Then, 
the tissue was homogenized in 5 ml/g cold buffer, which is 
consisted of 50 mM Tris-HCl, pH 7.5, 5 mM EDTA, 1 nM 
dithiothreitol. The homogenate was centrifuged at 10,000g 
for 15 minutes at 4°C. The supernatant was removed for 
assay of GPx.

GPx activity was measured using Glutathione Peroxidase 
Assay Kit provided by Cayman Chemical Company, USA. 
GPx catalyzes the reduction of hydroperoxides, including 
H2O2, by reduced glutathione and functions to protect 
the cell from oxidative damage. With the exception of 
phospholipid-hydroperoxide GPx, a monomer, all GPx 
enzymes are tetramers of four identical subunits. Each 
subunit contains a selenocysteine in the active site, which 
participates directly in the two-electron reduction of the 
peroxide substrate. The enzyme uses glutathione as the 
ultimate electron donor to regenerate the reduced form of 
the selenocysteine.[10]

The Cayman Chemical Glutathione Peroxidase Assay Kit 
measures GPx activity indirectly by a coupled reaction with 
glutathione reductase (GR). Oxidized glutathione (GSSG), 
produced upon reduction of hydroperoxide by GPx, and is 
recycled to its reduced state by GR and NADPH.

Oxidation of NADPH to NADP+ is accompanied by a 
decrease in absorbance at 340 nm. Under conditions in 
which the GPx activity is rate limiting, the rate of decrease 
in the A340 is directly proportional to the GPx activity in 
the sample.[11]

SOD assay
Liver biopsy was washed with 0.9% NaCl to remove red blood 
cells. The tissue was then blotted dry, weighted followed 
by homogenization in 200 µL buffer (0.05 M potassium 
phosphate and 0.1 mM EDTA, pH 7.8) and centrifuged at 
15,000g for 30 minutes at 4°C.The supernatant was used for 
determination of SOD.

SOD was measured using Superoxide Dismutase assay kit 
provided by Oxis research, USA SOD-525 method. The 
BIOXYTECH is based on the SOD-mediated increase in 
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the rate of autoxidation of 5,6,6a,11b-tetrahydro-3,9,10-
trihydroxybenzo[c]fluorene R1 in aqueous alkaline solution 
to yield a chromophore with maximum absorbance at 
525 nm.[12]

Interference due to mercaptans (RSH) such as reduced 
glutathione, is controlled by pretreating samples with 
1-methyl-2-vinylpyridinium R2, which directly eliminates 
mercaptans by means of a fast alkylation reaction. The kinetic 
measurement of the 525 nm absorbance change is performed 
after the addition of R1.

The SOD activity is determined from the ratio of the 
autoxidation rates in the presence (Vs) and in the absence 
(Vc) of SOD. The Vs/Vc ratio as a function of SOD activity 
is independent of the type of SOD (Cu/Zn-SOD, Mn-SOD, 
Fe-SOD) being measured.[12] One SOD-525 activity unit is 
defined as the activity that doubles the autoxidation rate of 
the control blank (Vs/Vc=2).

CAT assay
Biopsy was washed with phosphate buffer, pH 7.4, to 
remove red blood cells. The tissue was then blotted dry, 
weighted followed by homogenization in 1.5 ml cold buffer 
(50 mM potassium phosphate and 1 mM EDTA, pH 7) and 
centrifugation at 10,000g for 15 minutes at 4°C was done. 
The supernatant was used for the assay. 

Catalase assay kit provided by Cayman Chemical Company, 
USA. CAT is a ubiquitous antioxidant enzyme that is present 
in most aerobic cells. CAT is involved in the detoxification of 
H2O2. This enzyme catalyzes the conversion of two molecules 
of H2O2 to molecular oxygen and two molecules of water 
(catalytic activity). CAT also demonstrates peroxidatic 
activity, in which low-molecular-weight alcohols can serve as 
electron donors, while the aliphatic alcohols serve as specific 
substrates. In human beings, the highest levels of CAT 
are found in the liver, kidney and erythrocytes, where it is 
believed to account for the majority of H2O2 decomposition.

The Cayman Chemical Catalase Assay Kit utilizes the 
peroxidatic function of CAT for determination of enzyme 
activity. The method is based on the reaction of the enzyme 
with methanol, in the presence of an optimal concentration 
of H2O2. The formaldehyde produced is measured 
spectrophotometrically with 4-amino-3-hydrazino-5-
mercapto-1,2,4-trizazole as the chromogen. The assay can be 
used to measure CAT activity in plasma, serum, erythrocyte 
lysates, tissue homogenates and cell lysates.[13]

Statistical analysis 
SPSS for Windows, version 7.0, computer program was used 
for statistical analysis. P<0.05 was considered statistically 
significant. One-way analysis of variance followed by post hoc 

comparison procedures were used to compare between three 
or more independent means. The t test was used to compare 
between two independent means. Pearson correlation 
coefficient (r) was used to measure the linear relationship 
between two quantitative variables. Data are represented as 
the mean±standard deviation.

RESULTS

Descriptive data of the children included in the study are 
represented in Table 1. The mean levels of SOD, GPx and 
CAT enzymes in hepatic tissue of cholestatic patients and 
control children are shown in Table 2. A significant increase 
in mean levels of SOD, GPx and CAT was found in hepatic 
tissue of cholestatic patients compared with that in control 
children. In Table 3 the mean levels of the three enzymes in 
the three cholestatic patient groups are shown and compared 
to control children. The three enzymes were significantly 
increased in the extrahepatic biliary atresia group, 
whereas in the groups of neonatal hepatitis and paucity of 
intrahepatic bile ducts, only GPX and CAT enzymes were 
significantly increased. Studying the different correlations 
between liver function tests (total bilirubin, direct bilirubin, 

Table 1: Descriptive data of studied children
Variable Cholestasis group 

(n=34)
Control children 

(n=7)
Age (yr) (mean±S.D.) 0.53±1.21

(range: 0.08-7)
3.62±3.17

(range: 0.66-7)
Sex (male/female) 19/15 3/4
Physical signs 
(number/%)

Jaundice
Edema of lower limbs
Clubbing of fi ngers
Local abdominal signs: 
Diverication of recti
Hepatomegaly
Splenomegaly
Ascites

34 (100)
0 (0)

1 (2.9)

4 (11.8)
7 (20.6)
4 (11.8)
1 (2.9)

0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)
0 (0)

Hematological fi ndings 
(mean±SD)

Hb (gm/dl)
Platelets (×1000/mm3)
WBCs (×1000/mm3) 

9.61±1.63
355.9±126.9
10.82±4.24

10.74±1.26
387.1±77.3
7.59±2.51

Liver function tests 
(mean±SD)

Total bilirubin (mg/dl)
Direct bilirubin (mg/dl)
ALT (U/L)
AST (U/L)
GGT (U/L)
Albumin (g%)
PT (sec)
PC (%)

11.49±8.13*
5.73±4.57*

162.7±153.5
231.5±158.6
342.9±444.5

3.57±0.75
12.36±1.09
92.8±11.4

1.04±1.2
0.4±0.5

36.2±20.8
59.1±32.7
46.2±51.7
4.55±0.5
12.2±0.9
94.8±7.7

*= Signifi cant difference (P<0.05) versus controls
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alanine transaminases, aspartate transaminases, albumin, 
prothrombin time, prothrombin concentration, alkaline 
phosphatase and gamma glutamyl transferase) and the 
three enzymes, SOD, GPX and CAT, in cholestatic patients 
revealed the presence of a positive significant correlation only 
between ALT and SOD levels (r=0.419, P≤0.05).

DISCUSSION

Oxidative stress is a major pathogenetic event occurring in 
several liver disorders ranging from metabolic to proliferate 
ones, and is a major cause of liver damage in ischemia/
reperfusion during liver transplantation.[14] Many studies have 
shown that oxidative stress takes part in the pathogenesis of 
cholestasis by way of cytokines[15-18] and lipid peroxidation is 
responsible for the tissue injury in cholestasis.[19]

Our study showed a significant increase in hepatic tissue 
SOD, GPx and CAT activities in patients with cholestasis 
compared with control group [Table 2]; SOD, GPx and CAT 
were significantly increased in the EHBA group, whereas 
GPx and CAT were significantly increased in both NH and 
PIBD groups [Table 3]. Many studies in human beings 
and rats have been conducted to clarify the relationship 
between oxidative stress and antioxidants in the liver. In 
human beings, when suffering from free oxygen radicals, a 
complex defense system is activated. This system includes 
GPx, SOD, CAT, glutathione, glutathione reductase and 
vitamins.[20] Impairment of the bile flow is likely to result in 
the accumulation of toxic hydrophobic bile salts within the 
hepatocytes, with consequent injury caused by their detergent 
effect. Furthermore, bile salts can cause mitochondrial 
dysfunction by interfering with electron transport with 
consequent H2O2 and superoxide formation.[21] 

In agreement with our results, Ercin et al[20] found increase 

in the levels of erythrocyte GPx and CuZnSOD in adult 
patients with cholestasis versus controls; however, their 
results were statistically nonsignificant. Broide et al[9] 

showed a significant increase in SOD levels in the liver of 
extrahepatic biliary atresia and Alagille patients, whereas 
nonsignificant increase was noted among neonatal hepatitis 
patients. They explained that SOD, a key enzyme in free 
radical protection, increases significantly in the liver tissue of 
infants with cholestatic liver disease due to bile duct damage, 
suggesting that products of free radical reactions are involved 
in the pathogenesis of these disorders. A significant increase 
in serum SOD activity has also been reported in another 
study in adult patients.[22]

Contrary to our results, Togashi et al[23] studied the levels 
of ZnSOD, CuSOD and CAT in liver and found them to 
be low and it was suggested that this was related to the 
effect of oxidative stress. In another recent study, a marked 
decrease in the antioxidant status was observed in serum 
and neutrophil homogenate of patients with chronic liver 
diseases in comparison with healthy subjects.[24] This study 
concluded that deficient antioxidant defense mechanisms 
may lead to excess oxygen free radical formation that 
promotes pathological processes in the liver.

In conclusion, the current study demonstrates that GPx, CAT 
and SOD levels are increased in hepatocytes of patients with 
chronic cholestasis. The significant increase in their levels 
may point to their role as key enzymes in the protection of the 
liver from the hazardous products of free radical reactions, 
and may reflect an appropriate activity of antioxidant barrier 
enzymes as a response to increased oxidative stress. Better 
knowledge of the redox regulation may have important 
clinical ramifications in understanding the pathogenesis 
of liver diseases and developing therapeutic approaches. 
These preliminary results are encouraging to conduct more 

Table 2: Comparison between mean levels (±SD) of superoxide dismutase, glutathione peroxidase and catalase 
(CAT) enzymes in children with cholestatic chronic liver disease and control children

Variable SOD (U/mg Ptn) GPx (nmol/min/ml) CAT (nmol/min/ml)
Cholestasis group (n=34) 0.83±0.45* 66.77±12.31* 9.73±1.46*
Control children (n=7) 0.33±0.15 10.62±6.68 7.24±1.74
*= Signifi cant difference (P<0.05) between patient group and control children, SOD= Superoxide dismutase; GPx= Glutathione peroxidase

Table 3: Comparison between mean levels (±SD) of superoxide dismutase, glutathione peroxidase and catalase 
(CAT) enzymes in different cholestasis groups and control children

Variable SOD (U/mg Ptn) GPx (nmol/min/ml) CAT (nmol/min/ml)
EHBA (n=13)
NH (n=15)
PIBD (n=6)

0.97±0.52*
0.70±0.40
0.84±0.36

70.06±12.27*
62.02±12.35*
72.48±8.10*

10.11±1.74*
9.26±1.48*

10.00±1.58*
Control Children (n=7) 0.33±0.15 10.62±6.68 7.24±1.74
*= Signifi cant difference (P<0.05) between patient group and control children, SOD= Superoxide dismutase; GPx= Glutathione peroxidase; EHBA= Extrahepatic 
biliary atresia; NH= Neonatal hepatitis; PIBD= Paucity of intrahepatic bile ducts
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extensive clinical studies combining antioxidant therapy 
with various treatments of chronic liver diseases. 

REFERENCES 

1. Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J. Free 
radicals and antioxidants in normal physiological functions and human 
disease. Int J Biochem Cell Biol 2007;39:44-84.

2. Favier A. Oxidative stress in human diseases. Ann Pharm Fr 
2006;64:390-6.

3. Moreno I, Pichardo S, Jos A, Gomez-Amores L, Mate A, Vazquez 
CM, et al. Antioxidant enzyme activity and lipid peroxidation in 
liver and kidney of rats exposed to microcystin-LR administered 
intraperitoneally. Toxicon 2005;45:395-402. 

4. Chrobot M, Szaflarska-Szczepanik A, Drewa G. Antioxidant defense 
in children with chronic viral hepatitis B and C. Med Sci Monit 
2000;6:713-8.

5. Venardos K, Harrison G, Headrick J, Perkins A. Effects of dietary 
selenium on glutathione peroxidase and thioredoxin reductase activity 
and recovery from cardiac ischemia-reperfusion. J Trace Elem Med 
Biol 2004;18:81-8.

6. Halliwell B. Free radicals and antioxidants: A personal view. Nutr Rev 
1994;52:145. 

7. Czuczejko J, Zachara BA, Staubach-Topczewska E, Halota W, Kedziora J. 
Selenium, glutathione and glutathione peroxidases in blood of patients 
with chronic liver diseases. Acta Biochim Pol 2003;50:1147-54.

8. Novo E, Marra F, Zamara E, Valfrè di Bonzo L, Caligiuri A, Cannito S, et 
al. Dose dependent and divergent effects of superoxide anion on cell 
death, proliferation, and migration of activated human hepatic stellate 
cells. Gut 2006;55:90-7. 

9. Broid E, Klinowski W, Koukoulis G, Hadzic N, Portmann B, Baker A, et al. 
Superoxide dismutase activity in children with chronic liver diseases. 
J Hepatol 2000;32:188-92. 

10. Abd Ellah MR, Niishimori K, Goryo M, Okada K, Yasuda J. Glutathione 
peroxidase and glucose-6-phosphate dehydrogenase activities in 
bovine blood and liver. J Vet Med Sci 2004;66:1219-21.

11. Roxborough HE, Mercer C, McMaster D, Maxwell AP, Young IS. Plasma 
glutathione peroxidase activity is reduced in haemodialysis patients. 
Nephron 1999;81:278-83.

12. Nebat C, Moutet M, Huet P, Xu JZ, Yadan JC, Chaudiere J. 
Spectrophotometric assay of superoxide dismutase activity based 

on the activated autoxidation of a tetracyclic catechol. Anal Biochem 
1993;214:442-51. 

13. Wheeler CR, Salzman JA, Elsayed NM. Automated assays for superoxide 
dismutase, catalase, glutathione peroxidase and glutathione reductase 
activity. Anal Biochem 1990;184:193-9.

14. Cesaratto L, Vascotto C, Calligaris S, Tell G. The importance of redox 
state in liver damage. Ann Hepatol 2004;3:86-92. 

15. Gonzalez-Correa JA, de La Cruz JP, Martin-Aurioles E, Lopez-Egea MA, 
Ortiz P, Sanchez de la Cuesta F. Effects of S-adenosyl-L-methionine on 
hepatic and renal oxidative stress in an experimental model of acute 
biliary obstruction in rats. Hepatology 1997;26:121-7. 

16. Alpini G, McGill JM, Larusso NF. The pathobiology of biliary epithelia. 
Hepatology 2002;35:1256-68.

17. Spirli C, Nathanson MH, Fiorotto R, Duner E, Denson LA, Sanz JM, et al. 
Proinflammatory cytokines inhibit secretion in rat bile duct epithelium. 
Gastroenterology 2001;121:156-69.

18. Wallace JL, Miller MJ. Nitric oxide in mucosal defense: A little goes a 
long way. Gastroenterology 2000;119:512-20. 

19. Tsai LY, Lee KT, Tsai SM, Lee SC, Yu HS. Changes of lipid peroxide levels 
in blood and liver tissue of patients with obstructive jaundice. Clin 
Chim Acta 1993;215:41-50. 

20. Ercin CN, Bagci S, Yesilova Z, Aydin A, Sayal A, Erdem G. Oxidative 
stress in extrahepatic cholestasis. Anatol J Clin Investig 2008;2:150-4. 

21. Krahenbuhl S, Fischer S, Talos C, Reichen J. Ursodeoxycholate 
protects oxidative mitochondrial metabolism from bile acid toxicity: 
Dose-response study in isolated rat liver mitochondria. Hepatology 
1994;20:1595-601.

22. Ono M, Sekiya C, Ohhira M, Ohhira M, Namiki M, Endo Y, 
et al. Elevated level of serum Mn-superoxide dismutase in patients 
with primary biliary cirrhosis: Possible involvement of free radicals 
in the patho- genesis in primary biliary cirrhosis. J Lab Clin Med 
1991;118:476-83. 

23. Togashi H, Shinzawa H, Wakabayashi H, Nakamura T, Yamada N, 
Takahashi T, et al. Activities of free oxygen radical scavenger enzymes 
in human liver. J Hepatol 1990;11:200-5. 

24. Salem TA, El-Refaei MF, Badra GA. Study of antioxidant enzymes level 
and phagocytic activity in chronic liver disease patients. Eur Rev Med 
Pharmacol Sci 2005;9:361-7.

Source of Support: Nil, Confl ict of Interest: None declared.

Ismail, et al.


