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A B S T R A C T

A novel, simple, and accurate colorimetric assay was established for assessments of catalase activity in biological
fluids and tissues. H2O2 dissociation rates are directly proportional to catalase activity, and the principle of the
present assay is based on reactions of ammonium metavanadate with H2O2 under acidic conditions. The re-
sulting reduction of vanadium (V) to vanadium (III) produces a red–orange peroxovanadium complex with
absorbance maxima at 452 nm. Biological samples containing catalase were incubated with 50-mM phosphate
buffer solution containing 10-mM H2O2 as a substrate for two min. Subsequently, ammonium metavanadate in
sulfuric acid was used as an indicator reagent and was added to reaction mixtures to determine remaining H2O2

concentrations.
The precision of the present novel assay was indicated by coefficients of variation of 4.09% within runs and

2.56% between runs. Moreover, in experiments with homogenized red blood cell solutions, peroxovanate and
dichromate assays of catalase activities were highly correlated (r = 0.993). In further experiments, we de-
monstrated application of the peroxovanadate method to assessments of catalase activity in bacterial and liver
homogenates. The present method is accurate, simple, rapid, and inexpensive and can be used for routine clinical
measurements and scientific investigations.

Introduction

Glutathione peroxidase and catalase are key antioxidant enzymes
that mitigate reactive oxygen species and free radicals, and protect li-
pids, DNA, and proteins from oxidative modification [1]. Although
these enzymes compete as scavengers of H2O2, their relative contribu-
tions to H2O2 detoxification remain unclear [2]. Catalase is ubiqui-
tously expressed and degrades H2O2 into oxygen and water [3], and
protects against H2O2 that is produced by host immune cells to attack
pathogens [4].

Numerous methods have been devised to assess catalase activity
[5–20], and the most popular of these involves UV spectrophotometric
determinations of H2O2 at 240 nm. However, because various proteins
and DNA absorb UV light, this spectrophotometric method is not ap-
propriate for assessments of catalase activity in protein containing
biological solutions [8]. In addition, release of molecular oxygen gas
from catalase reactions hampers spectrophotometric measurements,
leading to low H2O2 sensitivity and failure to assess physiological levels
of H2O2 (below 1.0 mM). Conversely, physiologically high substrate
levels can inhibit catalase, further hampering assessments of activity

[8,9]. Other methods assess changes in intact H2O2 concentrations or
oxygen release from the decay of substrate. Oxygen production can be
measured accurately using low-flow gas meters [10] or oxygen elec-
trodes [11]. Other applicable methods employ iodometry [12], ti-
trimetry [13], chemiluminiscence [14,15], polarimetry [16], and
spectrophotometry [17,18]. Among these, recent assessments of cata-
lase activity were performed using an iso-nicotinic acid hydrazide-
pyrocatechol system to monitor catalytic consumption of H2O2 [19]
according to the formation of a chromogenic complex with an absorp-
tion maxima at 490 nm. Another modern application was developed
using a flow injection unit with an amperometric sensor that monitors
unreacted H2O2 [20], but this method requires specific laboratory in-
struments.

Herein, we report a novel optimized spectrophotometric method for
determining catalase activities in biological samples. To this end, we
used a novel reagent to estimate catalase activities, and show the ab-
sence of interference from fats, amino acids, proteins, and sugars in
biological samples.
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Materials and methods

Chemicals

All chemical reagents were purchased from commercial sources and
were of analytical grade.

Principle

The principle of the method involves the reaction of ammonium
metavanadate with H2O2 under acidic conditions, and depends on the
reduction of vanadium (V) to vanadium (III) by H2O2. Although H2O2 is
considered a strong oxidant, it can act as a reductant under certain
redox conditions. Accordingly, reduction of vanadium (V) leads to the
formation of a red–orange peroxovanadium complex, which has a
maximum absorbance at 452 nm [21,22]. The reaction between vana-
dium and H2O2 is shown in the following equation (1) [23]:

H2O2 + NH4VO3 + H2SO4 → NH4[VO(O2)SO4] + 2H2O (1)

Catalase enzyme activity was determined by monitoring absorption
of the red–orange peroxovanadium complex at 452 nm.

Reagents

Sulfuric acid solution (0.5 M) was prepared by appropriate dilution
of concentrated sulfuric acid in 200 ml of distilled water. Ammonium
metavanadate solution (0.01 M) contained 0.2925 g of ammonium
metavanadate in 200 ml of 0.5-M sulfuric acid. Phosphate buffer
(50 mM; pH 7.0) was prepared by mixing solutions a and b at a ratio of
1:1.5. Solution (a) was prepared by dissolving of 6.81 g of KH2PO4 in
one liter of distilled water, and solution (b) was prepared by dissolving
a 8.90 g of Na2HPO4.2H2O in one liter of distilled water. Fresh H2O2

(10 mM) solutions were prepared by mixing 0.1134 ml of 30% H2O2

with 100 ml of phosphate buffer, and the solution was adjusted to 10-
mM using the molar extinction coefficient of H2O2 at 240 nm
(43.6 M−1 cm−1). Catalase standard solution was prepared by dissol-
ving 20 mg of catalase enzyme powder (HiMedia; Product code: TC037,
New Delhi, India) in 100 ml of 50-mM phosphate buffer solution (pH
7.0). Catalase was diluted to 5 U mL−1 and final catalase activity was
adjusted using the dichromate method as described by Sinha [20] and
modified by Hadwan [26].

Blood samples

Erythrocyte lysates were prepared using 4-ml aliquots of whole
blood from a researcher at the Advanced Biochemistry Laboratory
(Chemistry Dept., College of Science, University of Babylon, Iraq) fol-
lowing peripheral venous puncture. Heparinized test tubes were used to
prevent coagulation and whole blood samples were centrifuged at
400×g for 10 min. Subsequently, plasma and buffy coat were discarded
after centrifugation and 500-μl aliquots of the resulting RBCs were
washed three times in 5-ml aliquots of 0.9% NaCl solution and were
centrifuged at 400×g for 10 min after each wash. Two-ml aliquots of
ice cold double distilled water were then transferred into test tubes
containing 500 μl of erythrocyte mixtures (five-fold dilution), and were
vortexed for 5 s and incubated for 15 min at 4 °C in the dark. Finally,
the resulting 2.5 ml of five-fold, re-suspended stock hemolysates in
phosphate buffer solution (0.05 M) were diluted to a dilution factor of
500. The resulting hemolysate solutions were used as a source of cat-
alase activity.

Tissue preparations

Four-week-old broiler chickens were purchased from a local market
at Hilla city, Iraq. Male albino mice and rats were purchased from the

central animal house at the College of Science, University of Babylon,
Iraq. Immediately before measurements of tissue catalase activities, rats
were sacrificed and kidney and liver tissues were surgically excised.
Livers were immediately washed in 0.9% (w/v) NaCl solution to re-
move contaminating blood and were then homogenized using a glass
homogenizer and ice cold 1.15% (w/v) potassium chloride solution.
Homogenate solutions were then filtered and diluted (at a ratio of
1:500) with 0.05 M phosphate buffer for analyses of catalase activity,
which were performed immediately.

Procedure

Enzyme activity procedure was elucidated in (Table 1). The rate
constant (k) of the first-order reaction equation for catalase activity was
calculated using the following formula:

= ∗ ogCatalase Activity of test kU 2.303
t

l S
S

0

(2)

where t is time, S0 is the absorbance of the standard solution, and S is
the absorbance of the sample.

Results and discussion

In the present method, the ammonium metavanadate/sulfuric acid
reagent acted as a catalase reaction stopper by denaturing the protein.
Subsequently, H2O2 molecules reacted with ammonium metavanadate
to form the peroxovanadium complex (equation (1)) and wavelength
scans from 200 to 700 nm revealed absorption maxima at 452 nm
(Fig. 1A). Catalase activity is directly proportional to the rate of H2O2

catalysis, and decreases in absorbance of the reduced vanadium com-
plex were proportional to catalase activity (Fig. 1B). Catalase standard
solution was prepared by dissolving 20 mg of catalase enzyme powder
(HiMedia; Product code: TC037, New Delhi, India) in 100 ml of 50-mM
phosphate buffer solution (pH 7.0). Catalase was diluted to 8 U mL−1

and final catalase activity was adjusted using the dichromate method as
described by Sinha [20] and modified by Hadwan [26].

The present observations of the colored peroxovanadium complex
showed that it has high stability at room temperature. In agreement,
Nogueira et al. [21], reported no significant changes in the absorbance
of peroxovanadium at 450 nm for 180 h at 25 °C.

Probable interferences of chemicals that could affect catalase ac-
tivity measurements were assessed using the methods described by
Hadwan and Abid [24]. Briefly, 9-ml solutions of various chemicals
(Table 2) in 50 mM phosphate buffer (pH 7.4) were mixed with 1 ml
catalase solutions of known activity (5 U/mL). Subsequently, catalase
activity was determined using the dichromate method described by
Sinha [20] and modified by Hadwan [25] and deviations from the final
activity of 0.5 U mL−1 were recorded (Table 2).

Catalase activities in homogenized diluted red blood cell solutions
were assessed using the present novel method and were compared with
those determined using the dichromate method described by Sinha [20]
and modified by Hadwan [25]. Matching samples and buffers were used

Table 1
Procedure for assessments of catalase activity.

Reagents Test Standard Blank

Sample 1000 μl – –
Distilled water – 1000 μl 3000 μl
Hydrogen peroxide 2000 μl 2000 μl –
After mixing, test tubes were incubated for 2 min at 37 °C and the following reagent was

added thereafter:
Ammonium metavanadate

reagent
2000 μl 2000 μl 2000 μl

After mixing, test tubes were incubated for 10 min at 25 °C and absorbance was
recorded at 452 nm against a reagent blank.
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in both assays and the peroxovanadium complex assay showed good
precision (as shown in Table 3). Moreover, data from peroxovanadium
assays were strongly correlated with those from the dichromate assays
(Table 4).

The accuracy of the present peroxovanadium method was assessed
by determining recovery of added catalase enzyme activity (HiMedia;
Product code: TC037, New Delhi, India). In these experiments, catalase
was prepared in 0.05 mM phosphate buffer solution (pH 7) and was
standardized using the dichromate method. Recovery of catalase ac-
tivity was greater than 95% when the enzyme was added at 1–8
U mL−1 and decreased to 87.33% in the presence of 10 U mL−1 of
enzyme (Table 5).

The conversion of H2O2 to H2O and oxygen in the presence of cat-
alase was monitored by determining the absorbance of the red–orange
peroxovanadate end product over time (Fig. 2). The optimal time point
for measurements was 120 s after addition of ammonium metavana-
date, and absorbance plateaued thereafter, reflecting optimal catalase
activity.

Catalase activity is inversely proportional to the absorbance of the
formed vanadium complex. (Fig. 3) shows the regression straight line
that obtained by plotting the absorbance reading of the formed vana-
dium complex at 452 nm against enzyme's substrate concentrations.

The sensitivity of the peroxovanadate method was assessed in the
presence of varying dilutions of red blood cell homogenates by com-
paring measured and expected catalase activities (Fig. 4). The expected
activities were determined using the peroxovanadate method; while,
the found activities were adjusted using the dichromate method. Mea-
sured catalase activities in the presence of red blood cell homogenates
were linearly correlated (r = 0.9986) with expected activities and the
best fit linear curve passed through the origin.

Catalase activities of liver tissue homogenates from broiler chickens,
male albino mice, and male albino rats were determined using the
peroxovanadate method. Liver homogenates had expectedly high cat-
alase activities (Fig. 5). In agreement, liver catalase activities were
previously used to evaluate oxidative stress in broilers chickens
[26–28]. Moreover, Ajuwon et al., 2010 used catalase enzyme assess-
ments of liver broiler chickens to characterize the protective roles of
ascorbic acid against copper-induced oxidative injury [27]. It is widely
accepted that oxidative stress damages cells, tissues, and biomolecules,
and the resulting reductions in antioxidant system efficiency, immunity,
and growth rates of broiler chickens have been shown previously [28].
In addition, because catalase activity is considered a proxy for liver
function, multiple previous studies show catalase activities in livers
from albino mice and rats [29–31]. The present comparisons of per-
oxovanadate and dichromate methods (Fig. 5) with tissue homogenates
showed compatibility of the methods.

To further assess potential applications of the present perox-
ovanadate method, we performed catalase assays with lysates of bac-
terial laboratory strains Escherichia coli and Staphylococcus aureus. These
experiments showed similar catalase activities to those reported by
Iwase et al. [32], who determined catalase activities in these bacterial
strains using Triton X-100 to trap oxygen by-products in bubbles. In
their study, oxygen generation was determined according to foam
heights, which were calibrated using standard curves of bacterial cat-
alase activity. In agreement with their results, our experiments (Fig. 6)
demonstrate that Staphylococcus aureus has higher catalase activity than
Escherichia coli.

The present peroxovanadate method has many advantages over

Fig. 1. (A). Absorption spectra of the colorimetric assay product; (B) absorption decreases
are proportional to increases in catalase activity.

Table 2
Effects of various chemicals on assessments of the catalase activity using the present novel
assay.

Substance Concentration of
substance

Added
catalase
U mL−1

Found
catalase
U mL−1

Relative
error
(%)

Glucose 0.35 mg mL−1 0.5 0.503 −0.68
Ascorbic acid 20.0 μM 0.5 0.484 3.03
Albumin 0.5 mg mL−1 0.5 0.513 −2.649
Histidine 50 μM 0.5 0.493 1.36
Lysine 50 μM 0.5 0.509 −1.834
Arginine 50 μM 0.5 0.51 −2.04
Uric Acid 50 μM 0.5 0.484 3.03
Heparin 78.4 USP/10 mL 0.5 0.513 −2.649
EDTA 20.0 μM 0.5 0.512 −2.5

Table 3
Precision of the peroxovanadium method.

No. Mean (± SD): U mL−1 CV %

Within-run 20 2.26 ± 0.058 2.56%
Between-run 20 2.22 ± 0.091 4.09%

Table 4
Statistical comparisons of the dichromate method and the present
peroxovanadium method for determining catalase activity (U mL−1).

No. of Measurements 20

Mean of the present method 2.755
Mean of dichromate Method 2.762
Mean of both methods 2.758
Regression coefficient B 0.992
Regression coefficient A 0.008
Correlation coefficient 0.993
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previous methods for determining catalase activities in bacterial ex-
tracts. Among these, the time required for analyses is significantly de-
creased compared with that required for previous methods, allowing
rapid analyses of large numbers of samples. In addition, compared with
many previously developed methods, the present peroxovanadate
method is inexpensive, does not require cumbersome procedures, and
could be made available as assay kits [32].

In conclusion, we validated a simple method for assessments of
catalase activity that show high precision and accuracy in the presence
of high concentrations of several types of biomolecules, and at low

Table 5
Percentage recovery of catalase activity after addition to reaction solutions.

Catalase enzyme contents Catalase enzyme activity added U
mL−1

Catalase enzyme calculated activity U
mL−1

Catalase enzyme observed activitya U
mL−1

Recovery
%

Enzymatic sample – – 5 –
Enzymatic sample + catalase enzyme added 1 6 5.87 97.84%
Enzymatic sample + catalase enzyme added 3 8 7.82 97.75%
Enzymatic sample + catalase enzyme added 5 10 9.77 97.7%
Enzymatic sample + catalase enzyme added 7 12 11.9 99.17%
Enzymatic sample + catalase enzyme added 8 13 12.71 97.77%
Enzymatic sample + catalase enzyme added 9 14 13.1 93.57%
Enzymatic sample + catalase enzyme added 10 15 13.1 87.33%

a Mean of triplicate determinations.

Fig. 2. Absorbance of the peroxovanadate complex over time in the presence of H2O2

alone (●) and H2O2 with 0.86-U mL−1 catalase (▲).

Fig. 3. The regression straight line that obtained by plotting the absorbance reading of
the formed vanadium complex at 452 nm against a range of enzyme's substrate con-
centrations.

Fig. 4. Catalase activities of red blood cell homogenates were measured using the per-
oxovanadate method and were graphed against expected activities over a range of dilu-
tions.

Fig. 5. Catalase activities of diluted tissue homogenates (1:500) were assessed using the
peroxovanadate method and were compared with those determined using the dichromate
method.

Fig. 6. Catalase activities of Escherichia coli and Staphylococcus aureus homogenates were
measured using the peroxovanadate method and were compared with those determined
using the dichromate methods described by Iwase et al.
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H2O2 concentrations. These data indicate that ammonium metavana-
date in sulfuric acid is a sensitive reagent for measurements of hydrogen
peroxide concentrations, and allows assessments of catalase activity at
low substrate concentrations.
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