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Catalase activity of human polymorphonuclear leukocytes
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ABSTRACT
In vitro a high proportion of oxygen free radical produced by polymorphonuclear 
leukocytes (PMNL) is converted to hydrogen peroxide and a number of 
studies have utilized H  O   production as measure of free radical production. 
However, mammalian cells contain enzymes which produce H  O  directly. 
Amongst these are the amine oxidase, catalyzing reaction (1). In addition, 
catalse is present in most cells and contributes to the elimination of H  O via 
reaction (2).                                

RCH  NH  + H2O  ====>  RCHO + NH4 + H  O     (1)
2H   O    ====>  2H  O + O                                         (2)
 
Because several enzymes may contribute to H O  production and others to 
its elimination, the aim of the investigation was to show the measurements 
of  H  O     production may not accurately represent free radical production or 
the activity of enzymes which produce H  O  directly. Catalase activity was 
assayed, in homogenates of isolated PMNL cells, at pH 7.4 and 37°C with 50 
nmol H O . Values are mean ± s.e. for 6 blood samples, three from each of two 
adult male donors. The activity was, 2700 ± 500 µmol/h/109 cells. The high 
catalase activity of these cells indicated that this enzyme may influence the 
measured H   O   level.                                                                                                                                  
Key words: polymorphonuclear leukocytes (PMNL), Hydrogen peroxide 
(H2O2 ), Catalase.       
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1.INTRODUCTION:
The blood›s phagocytic cells (neutrophils, eosinophils and mononuclear 
phagocytes) play a key role in combating infection by ingesting and killing 
infecting micro-organisms. They also contribute to wound healing by ingesting 
cell debris and extracellular material at wound sites. Polymorphonuclear 
leukocytes (PMNL) or neutrophils, phagocytose micro-organisms and kill 
them within phagosomes and phagolysosomes. Phagosomes are formed by 
endocytosis, at the point of contact with the micro-organism (figure 1A), when a 
portion of the plasma cell membrane envelopes the micro-organism (figure 1B) 
and seals to form the phagosome (figure 1C). Phagolysosomes are formed by 
fusion of the phagosome with an intracellular granule (figure 1D). 

 

Figure 1. Phagolysosome formation within polymorphonuclear leukocytes.

At the point of contact (A) phagocytosis occurs (B) and a phagosome is formed 
(C) Which fuses with an intracellular granule to form the phagolysosome (D).

In 1933 it was shown that phagocytosis is accompanied by a dramatic increase 
in oxygen consumption1 which became known as the respiratory burst. Later 
it was shown that this respiratory burst was not affected by inhibitors of 
mitochondrial oxygen consumption such as cyanide and azide.2 The increased 
oxygen consumption is accompanied by an increased activity of the hexose-

monophosphate pathway, which provides NADPH as an electron source for the 
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one electron reduction of oxygen to the superoxide anion (O -).3 This has led 

to the non-mitochondrial oxidase system of phagocytes being referred to as the 

NADPH oxidase. In the unstimulated state phagocytes, neutrophils in particular, 

are relatively inactive metabolically, exhibiting rates of oxygen uptake of 0.1 - 

1.0 nmol O  min-1 10  cells-1. However, contact with an agent which stimulates 

the respiratory burst, produces a marked increase in oxygen consumption of 

up to two to three orders of magnitude,4 i.e., up to 100 - 200 nmol O  min-1 

10   cells-1. The formation of superoxide anion by phagocytes is apparently 

an important factor in their bacteria killing armoury, as it has been shown that 

inability of the phagocyte to express the respiratory burst is the underlying 

defect in chronic granulomatous disease. This is a rare disorder of heterogeneous 

inheritance characterized by recurrent systemic infections usually resulting in 

significant morbidity and in early mortality.5 

The oxygen anion is not the only, potentially bactericidal, chemically reactive 

species associated with the respiratory burst. The oxygen anion can dismutate 

spontaneously to form hydrogen peroxide. Though at neutral pH the rate of 

chemical dismutation is relatively low6, it is dramatically increased by the 

enzyme superoxide dismutase.7 The oxygen anion and hydrogen peroxide can 

react spontaneously, though slowly in metal free aqueous media, to form highly 

reactive hydroxyl radicals.8,9 However, in the presence of iron this reaction 

is greatly accelerated.10,11 Neutrophil granules contain a high activity of the 

enzyme myeloperoxidase.12 Therefore within phagolysosomes, formed after 

fusion of phagosomes and granules, hydrogen peroxide and chloride ions can be 

converted to highly reactive hypochlorite. These reactions are listed in Table 1.
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Table 1. Reactive metabolites produced in phagosomes and phagolysosomes 
in association with activated NADPH oxidase.

Reaction	 Catalyst

NADPH + 2O    NADP  + H  + O-   	 NADPH oxidase
2O-  + 2H    H O                                            	SOD, (H  )
O-   + H2O      OH- + OH- + O                       	 Fe2    
H2O  + Cl-    HOCl- + OH-                	 myeloperoxidase

Normally production of reactive metabolites occurs within the phagocytic 
cell which ensures that their toxic potential is not directed at the extracellular 
matrix and neighboring cells. However, it is possible that the potentially toxic 
products of the respiratory burst may be misdirected towards the extracellular 
environment of phagocytes. The oxidants produced in the respiratory burst 
have been implicated in a number of inflammatory diseases. These include; 
adult respiratory distress syndrome,13 ischemic tissue damage,14,15 
arthritis,16,17 and glomerulonephritis.18 They may also play an important 
role in carcinogenesis.19,20,21 It is considered that antioxidants would play an 
important role in protecting tissues against the effects of oxidants produced by 
phagocytes. Vitamin E, pro vitamin A (*-carotene) and vitamin A are considered 
to be important natural antioxidants. The antioxidant enzymes superoxide 
dismutase and catalase are considered to be important enzymes which protect 
tissues against damage by the oxygen ion and hydrogen peroxide respectively 
and glutathione-related enzymes such as glutathione peroxidase coupled with 
glutathione reductase would eliminate hydroperoxides formed by oxidations, 
particularly of tissue lipids.22,23 The production of reactive metabolites by 
phagocytes in vitro may be studied directly by measurement of the reduction 
of Ferro-cytochrome C or more incisively as superoxide-inhabitable reduction 
of Ferro-cytochrome C.24 A simpler method is to measure hydrogen peroxide 
formation with peroxidase and a suitable redox dye such as o-dianisidine.25 
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This latter method is indirect as it is dependent upon dismutation of the initial 
product i.e., the oxygen radical. Both methods have been used to investigate 
factors which affect the respiratory burst and oxygen ion production by isolated 
PMNL.26,27 The fact that products of the respiratory burst (O2- and H2O2) can 
be measured in vitro, with extracellular reagents, shows that some proportion is 
released into the extracellular environment of these phagocytic cells.

 MATERIALS AND METHODS
MATERIALS
Blood samples
These were obtained from two apparently healthy adult males.

Chemicals
These were obtained from:
Sigma Chemical Company Ltd, Poole, Dorset, UK.

- Histopaque 1077 and Histopaque 1119.     
- Peroxidase (EC 1.11.1.7) from horseradish type II 
- 2,2›-Azino-bis(3-ethylbenzthiazoline-6-sulfonic acid) 
- Tris[hydroxymethyl]aminomethane
- Fetal bovine serum 
ISOLATION METHODS
3 mL Histopaque 1119, 3 mL Histopaque 1077 and 6 mL EDTA anti-coagulated 
blood, in that order, were layered into glass tubes and centrifuged for 30 min at 
2600 rpm (700 x g). The separation achieved is illustrated in figure 2 below. 

 

Figure2. Separation of polymorphonuclear leukocytes using Histopaque 1119 and 
1077.
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The upper layer containing plasma, platelets and MNL and Histopaque down 
to the upper surface of the PMNL layer was removed. The PMNL layer was 
removed into a tube and washed by suspension with 10 mL PBS followed by 
centrifugation for 10 min at 1200 rpm (250 x g) to produce a pellet containing 
PMNL and some RBCs.
The majority of RBCs was eliminated by TAC-treatment. The cells were 
suspended in 6 mL TAC buffer and incubated for 20 min at 37*C, after which 4 
mL PBS was added and the suspension centrifuged for 10 min at 1200 rpm (250 
x g). The pellet of PMNL was washed twice and finally suspended in 0.5mL 
PBS.
ASSAY OF CATALASE ACTIVITY
This was measured calorimetrically using a modification of the method of Nowak 
D.25 the assay involved incubating a standard amount (50 nmol) of H2O2 with 
enzyme preparation for a fixed time then measuring the amount remaining and 
hence calculating the rate of utilization. The H O  was assayed calorimetrically 
using peroxidase and the redox dye ABTS as illustrated in figure 3 below which 
depicts the assay of H  O  produced by MAO. 

 
Figure 3. Assay of monoamine oxidase by the colorimetric 
measurement of hydrogen peroxide production.

H O  is measured calorimetrically, at 414 nm, using peroxidase (PERID) and 
the redox-dye 2,2›-azinobis(3-ethylbenz-thiazolinesulfonic acid (ABTS) which 
is colored when oxidized (ABTS).

AMINE                    H
2
O

2
                     2H

2
O

MAO                   PERID

ABTSH
2
           ABTS

22

22



2017          35 Autumn13ISSUEAL-OSTATH

REAGENTS
1. Phosphate buffer. 0.05 M disodium hydrogen phosphate pH 7.4, saturated 
with oxygen from air.
2. Citrate-Phosphate buffer. 0.5 M acetic acid and disodium hydrogen phosphate 
pH 4.0.
3. Hydrogen peroxide. 1 mM H O  in phosphate buffer.
4. ABTS-PERID. Solutions of 1 mg 2,2›-azinobis(3-ethylbenz-thiazolinesulfonic 
acid) «ABTS» and 1mg peroxidase (PERID) were prepared separately in citrate-
phosphate buffer. Approximately 5 min before use 10 µl PERID solution was 
added to each 1 mL ABTS solution.
5. ACID-SDS. Approximately 1 hour before use, 1 mL concentrated HCl was 
added to 14 mL of a stock solution of 5% (w/v) sodium dodecyl sulphate (SDS) 
in H2O.

METHOD
Reaction mixtures were prepared in 1 x 7.5 cm glass tubes as indicated in table 
2 below.

Table 2. Composition of reaction mixtures for the assay of 
catalase.

         components    	 blank   	no-enzyme        	 Enzyme

         buffer    	0.25ml	                    0.2ml             	 0.15ml       

         Enzyme-                                  0.05ml

         preparation 	   -             -          
	        
Reaction mixtures were equilibrated for 5min at 37*C, then 0.05mL of 1mM        
H O were added to the no-enzyme and enzyme conditions at 15 sec intervals and 
incubation continued for 30 min at 37*C.
Reactions were stopped and color developed by addition of 0.25 mL ABTS-
PERID after which 0.125 mL ACID-SDS was added.
0.2 mL of reaction mixtures was transferred to titer plate wells and the OD 414 
nm read in a BIO-RAD model 2550 EIA titer plate reader. 
The amount of H O in the assay was calculated by dividing the OD 414 nm, 
corrected for any blank value, by a calibration factor which was: 0.022 per nmol in the assay.
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RESULT
The PMNL cell type contained catalase. The activity was, 2700 ± 500 µmol/h/109 cells. 
The high catalase activity in PMNL cells indicated that this enzyme may influence the 
in vitro measurement levels of H O .
DISCUSSION

	 The work carried out consisted of studies upon catalase activity in PMNL, these 
required one type of human blood cell free from other cell types. This was essential 
in order to confidently attribute activities, measured with either isolated cells or cell 
homogenates, to a particular cell type. The methods used to isolate cells involved 
centrifugation of whole anti-coagulated blood after layering upon commercial media 
of defined density such as Histopaque, for isolation of PMNL. Using a density gradient 
consisting of Histopaque 1119 and 1077, PMNL were separated from MNL and 
platelets, as indicated by the commercial suppliers of Histopaque. However, the layer 
which contained predominantly PMNL always contained RBC in approximately equal 
numbers. The RBC were eliminated by TAC-treatment, yielding preparations of PMNL 
composed of more than 95% viable cells, as judged by their ability to exclude trypan 
blue. This finding i.e., that initial PMNL preparations normally contained substantial 
numbers of RBC which could subsequently be eliminated without apparent effect upon 
cell viability, was similar to that of other workers who have used isolated PMNL for 
studies upon H O  production.25,26,28 
Methods and conditions used in this work to isolate PMNL yielded preparation essentially 
separate from each other. Therefore, it would be reasonable to attribute any enzyme 
activity measured and its properties to a particular cell type. The high catalase activity 
in PMNL cells indicated that this enzyme may influence the in vitro measurement levels 
of H  O  . In some pathological cases, the presence of catalase and its activity increase in 
leukocytes was studied from other worker who have found its increase in schizophrenic 
patients, 29 and in myeloid leukemia, particularly the acute form.30 
CONCLUSION

The catalase activity in normal human PMNL cells which are free from other blood cell 
types was very high. Therefore, utilizing H  O production as measure of free radical 
production and other enzymes which produce H  O  directly may influence by catalase 
activity.
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