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Abstract

Catalase is well known antioxidant enzyme which protects cells from the toxic effects of hydrogen peroxide. Unlike
peroxidase, it catalyses the dissociation of hydrogen peroxide directly into H,O and O,. Our results show that apart from
the known catalytic action, mammalian catalase can generate Hydroxyl Radicals (HRs) in experimental conditions.
At low concentrations of H,0, (<20 uM), presence of bovine liver catalase (BLC) increased the generation of HRs in
reaction mixture. Differential productions of HRs due to either presence of azide or urea induced structural changes of
BLC suggest that the enzyme participate in the production of HRs. The possible character is unusual in contrast to the
well established fact that catalase reduce the generation of reactive oxygen species in biological system. The work is
being presented with discussion on experimental limitations we faced throughout the study.
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Introduction

Catalases are generally characterized by breaking down hydrogen
peroxide into H,O and O, through the mechanism where hydrogen
peroxide alternately oxidizes and reduces the haem iron at the active
site (Rea” 1,2) [1,2]. Although the structure, mechanism of action
and functions of catalases have been studied for many years, research
continues to reveal differences in the role of mammalian catalase
compared to those of prokaryotes. For example, mammalian catalase
use unbound NAD(P)H to prevent substrate inactivation without
displacing catalase-bound NADP(+) [3]. Studies on catalase have gained
momentum recently owing to their postulated impact in extending life-
span [4-6]. Recent reviews emphasize on the need of further research to
answer the unexplained findings related to mammalian catalase [3,7].

Mammalian catalase is a homotetramer with a subunit molecular
mass of ~60 kDa and belongs to a group of monofunctional catalases
with small subunit size. Each subunit contains a haem group at
the active site, which is internally located and approachable by a
passageway that becomes narrow, thereby accessible for only substrates
of small size. During catalytic reaction, intermediate compound-I at
low concentrations of H,0, and in the presence of one-electron donors
may give rise to the compound-II; that is an inactive form of the
enzyme (Rean 3) [3]. Reaction 1, 2 and 3 shows the alterations occurs
at the active site during the catalytic reaction. ‘Por’ denotes porphyrin
ring which with iron ion forms the haem group.

Resting state (Por* — Fe™) + H,0, ----> Compound-I (Por** — Fe'"
=0) + H,0 [1]
Compound-I (Por** — Fe'V =0) + H,0, ----> Resting state (Por" —
Fe) + H)O + O, [2]

Compound-I (Por* — Fe"V =0O) + e ----> Compound-II (Por" —
FelV =0) [3]

In the present work, we have shown that mammalian catalase
(bovine liver catalase) is involved in the generation of Hydroxyl
Radicals (OH"). The possible character is unusual in contrast to the
well-known fact that catalase reduces the generation of reactive oxygen
species (ROS) in biological system.

Materials and Methods

All chemicals used for the present experiments were of analytical
grade. Bovine liver catalase (BLC) and 3-amino-1,2,4-triazole (3AT)
was obtained from Sigma, USA. Terepthalic acid (TA) and other
chemicals were obtained from HiMedia, India.

Preparation of the reagents

5 mM stock solution of TA was prepared in 50 mM sodium
phosphate buffer (Na,HPO,/ NaH,PO,) at pH 7.4. As per requirement it
was diluted in the same buffer to prepare 0.5 mM TA working solution.
100 uM FeSO,.7H,0, 100 mM 2,2"-bipyridyl (Bpy), 10 mM 3AT and 10
mM sodium azide (NaN,) solutions were prepared in distilled water.
After measuring initial concentration spectrophotometrically with help
of molar extinction coefficient (43.6 M'cm! at )\Z 40), H,0, was diluted
to get 10,100 and 1000 uM concentrations. 40 mg BLC (2,950 units/mg
of protein) was dissolved in 10 ml of 50 mM sodium phosphate buffer
(pH 7.4). After that it was centrifuged at 3500 g for 10 minutes to get
clear solution.

Detection of hydroxyl radical generation

TA was used as a specific fluorescent probe for the detection of
HRs. Nonfluorescent compound TA reacts with hydroxyl radical
to form a stable and highly fluorometric product 2-OH-TA (A 315
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nm, A 426 nm) [8,9]. In reaction mixture, HRs were generated by
the well known Fenton’s reaction (Fe** + H,0, > Fe,+ + OHe + OH").
Both substrates of the Fenton’s reaction (H,0, and FeSO,.7H,0; 100
uM each) were added consecutively in 2.5 ml of 0.5 mM TA working
solution. To check the linearity of the curve 50,100 and 200 ul quantity
of the substrates were used. The reaction mixture was incubated at 37°C
for 15 min. At the end of reaction, fluorescence intensity was measured
with a Jasco FP-6300 spectrofluorometer in a 4 cm® quartz cuvette.
Readings were taken at A_ 315 nm, A 426 nm, band width 5 nm both
for excitation and emission; and with high sensitivity. The fluorescence
intensity was the measure of hydroxyl radicals (HRs) generated by the
Fenton’s reaction.

Effect of chelator on generation of HRs by free iron

Bipyridyl, citric acid, fructose, EDTA-Na,, glycine, L-arginine and
L-lysine were used to analyse the relative strength of iron chelation.
Free amino acids have been found effective for chelating iron in various
studies [10,11]. 2 ml of 0.5 mM TA and 50 ul of 100 uM FeSO,.7H,0
were added in seven test-tubes. 50 pl of each chelator (10 mM) was
added in separate test tube followed by addition of 250 pl of 0.6% H,O,.
It was incubated for 15 minutes and HR generation was measured as
described in previous subheading.

HR generation by catalase

To show the HR generation by catalase following experiment was
designed. As shown in the Table 1, 100 mM Bpy, BLC, 10 mM 3AT, 10
mM NaN, and 1000 uM H,0, were added in 0.5 mM TA solution to
prepare series of reaction mixtures (R ). Final volumes were made equal
by water and incubated for 10 minutes at 37°C before adding up 1000
UM H,0O,. In addition, the R_-4, 5 and 6 were prepared simultaneously
with 10 and 100 pM H,O,. The three different concentrations (10,100
and 1000 uM) provided 0.2, 2.0 and 20 uM H, O, in final volume of R .
After all additions reaction mixtures were incubated overnight at 37°C.
Fluorescence was measured at }\ex 315 nm, )\em 426 nm, band width 5
nm both for excitation and emission; and with high sensitivity.

Effects of various concentrations of urea on generation of
HRs by catalase

To confirm the generation of HRs by catalase it (HR) was measured
in presence of different concentrations of urea. 0,1,2,3 and 4 M urea
solutions were prepared in 50 mM phosphate buffer at pH 7.4. 1.8 ml
of each urea solution was taken in separate test-tube with 50 ul BLC.
In the same way another set of test-tubes was prepared by adding 50
ul phosphate buffer instead of BLC. Thus at each given concentration
of urea two test-tubes were prepared with and without BLC. After 10
minutes incubation at room temperature, 200 pl TA (5 mM), 200 pl
Bpy, 50 wl H,0, (100 uM) were added in each test-tube. Fluorescence
was measured at room temperature with )\ex 326 nm, )\em 426 nm, band
width 5 nm both for excitation and emission, at medium sensitivity. A

No. Reaction mixtures (R )

1. 2.0 mI TA + 200 pl Bpy +50pI H,0,
2. |2.0mITA + 200 pl Bpy + 10ul 3AT +50pl H,0,
3. 2.0 mI TA +200 pl Bpy + 10ul NaN, +50pl H,0,
4. 2.0mlTA + 200 pl Bpy + 250ul BLC + 50l H,0,
5. 12.0mlTA +200 pl Bpy +250ul BLC + 10pl 3AT + 50l H,0,
6. [2.0mITA +200 ul Bpy +250ul BLC + 10pl NaN, +50pl H,0,

Table 1: Fluorescence probe-TA, iron chelating agent-Bpy, enzyme-BLC and en-
zyme inhibitor-NaN,/3AT were added in six different test tubes according to follow-
ing table. Reaction mixtures were incubated for 15 minutes at 37°C and afterwards
H,O, was added in each test tube.

Fluorescence (Flu. of one urea solution with BLC - Flu. of same urea
solution without BLC) at each urea concentration was calculated.

Determining the fluorescence spectrum of catalase in
presence of urea

The fluorescence of a protein is due to mainly tryptophan and
tyrosine. Fluorescence spectra (A of emission) provide both a
characteristic parameter for a particular protein and structural
information concerning the average degree of burial of both amino
acids present in the protein [12]. The precise wavelength of emission,
in the case of tryptophan, maximum values have been observed
over a broad range between 308 nm (highly nonpolar) and 352 nm
(fully exposed to solvent). If A __ is located at lower wavelengths, the
tryptophan must be buried in a nonpolar environment. Shift of A__
towards 350 nm indicate the solvent induced conformational change
that causes it to be exposed to the solvent.

To confirm the structural changes of BLC fluorescent spectra were
recorded in each set of reaction mixtures prepared to see the effect of
various concentrations of urea on HR generation by catalase. AtA_ 280
nm fluorescence emission spectra was recorded (A 270-400 nm) at
medium sensitivity.

Results

The detection of Hydroxyl Radicals (HRs) by TA is a highly
sensitive and specific method and it has been used to detect HR
generation in nonenzymatic systems [8,9]. In the present study we have
used it for the first time for detection of HRs generated by catalase. TA
is a perfect qualitative reagent and can also quantify HRs however in
present study it was used to detect relative HR generation in different
reaction mixtures.

Figure 1 shows the units of fluorescence in the reaction mixture
which was directly proportional to the amount of HRs produced by
the Fenton’s reaction. At a given concentration of Fe*'/H,O, system,
iron chelating agents like glycine, fructose, L-arginine and L-lysine did
not change HR generation significantly whereas presence of EDTA and
citric acid increased the production of HRs at least by two folds (data
not shown). Presence of Bpy reduced HR generation maximum when
compared with other chelating agents. The concentration of Bpy was
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FeSO,4 + H,0, (100uM)

Figure 1: Fluorescence units represent the generation of HRs by different
quantity of equimolar mixture of FeSO, and H,0,. In presence of bipyridyl (Bpy)
HR generation was reduced upto 60% when compared with corresponding
substrate concentration.
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100 times more compared to Fe2+ in the reaction mixture (Figure 1)
where it reduced the HR generation up to 55-60%.

Experimental findings presented in Figure 2 indicate that catalase
generates Hydroxyl Radicals (HRs) when react with low concentrations
(<20 uM) of H,O,. The initial fluorescence of the reagent blank may
be due to contamination of iron in the reaction mixture participating
through Fenton’s reaction (R  -1). Enzyme inhibitors did not show any
change in fluorescence activity of reagent (R_ -2 and 3). Presence of
BLC (R -4) increased the HRs generation; thus the fluorescence was
enhanced by ~90 units. In R_ -6, NaN, amplified the generation of
HRs. 3AT did not alter the HR generation significantly (R _-5).

HR generation by catalase (Afluorescence units) was measured
at different concentrations of urea (Figure 3). The generation of
fluorescence due to catalase was 22 units in absence of urea. It was
increased upto 30.3 units at 2 M urea and afterwards decreased upto
15.1 units at 4 M urea. In the same solutions protein fluorescence
spectra were recorded (Figure 4). A protein fluorescence spectrum
is widely used as a tool to monitor changes in proteins and to make
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Figure 2: Fluorescence units (Y-axis) represent the generation of HRs in differ-
ent reaction mixtures (R ) at different concentrations of H,0O,.

35

30

25
20
15
10 T T T T
0 1 2 3 4

M Urea

Fluorescence units

Figure 3: Hydroxyl radical generation in term of A fluorescence units at differ-
ent concentration of urea.

inferences regarding local structure and dynamics [12]. Peak of
fluorescence spectra of BLC shifted towards 350nm with increasing
concentration of urea. It confirms the structural changes of BLC
occurred in the presence of urea.

Discussion

During catalytic reaction, Hydroxyl radicals (HRs) are always
thought to be generated due to impurities (mainly free iron ions) in
reaction mixture [13]. As such, catalases are so well known for their
antioxidant nature that perhaps no one looked for their oxidant role.
Catalase activity is always measured in term of rate of either H,O,
degradation or O, formation. The half life of HR is also very less (10~
sec) [9]. Perhaps these are the reasons that the oxidant character of
mammalian catalase was missed.

The linear increase in fluorescence with increasing amount of HRs
generated by Fenton’s reaction confirmed the validity of the TA method
(Figure 1). Both substrates of Fenton’s reaction (FeSO, and H,0,)
when added in equimolar concentrations produced HRs. Increase in
concentration of these substrates in reaction mixture proportionally
generates more HRs and accordingly they (HRs) produced more
fluorescence by reacting with TA.

In our experiments, generation of HRs in the reaction mixture can
occur by two possible sources; one is the free iron ion (Fe?*) and the
other is by catalase. The bidentate chelator Bpy predominantly binds
Fe?* and avoids its participation in Fenton’s reaction. In reaction
mixture, the HR generation by free iron was reduced by addition of Bpy
so that small variations in fluorescence due to possible HR generation
by the enzyme can be detected efficiently. The presence of Bpy will not
affect generation of HR by catalase as the haem iron is present in deep
buried active site which is not accessible to Bpy. Other well established
chelators like desferrioxamine preferentially binds Fe** (product of
Fenton’s reaction) hence they were purposefully avoided [14].

The presence of BLC increased the HRs generation in reaction
mixture (R_-4). It was required to confirm that HRs is being generated
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Figure 4: Protein fluorescence spectra of BLC at different concentrations of
urea (0-8 M). Red coloured vertical lines are the A__ of each emission spec-
trum. These vertical lines sequence wise from left to right side of the graph
represent the spectra recorded at 0 to 8 M urea concentrations. The vertical
small line at extreme left side of the graph represents A___of emission spectrum
recorded at 0 M urea concentration whereas the vertical line at extreme right
side is A__ of emission spectrum recorded at 8 M urea concentration (A__ 347

'max max

nm, fluorescence intensity 142.244 units).
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at the active site of the enzyme. Therefore further experiments were
performed. Inhibitors were used to block the active site and structural
changes were induced to modify near vicinity of active site.

His75 is present near the active site and it is involved in the
mechanism of catalytic reaction. 3AT (3-amino-1,2,4-triazole) reacts
with His75 and compound-I (intermediate of catalytic reaction)
to inhibit catalytic reaction®. Sodium azide (NaN3) also acts as an
inhibitor by converting compound-I into inactive compound-II [15].
The active site of catalase is accessible to both, 3AT and NaN, so the
production of HRs should be altered by the presence of these inhibitors
of catalytic reaction.

Mechanism of azide inhibition (Rea” 4 and 5) showed that NaN,
promote the formation of inactive compound-II [15].

Compound I+ N,” + H* ------- > Compound IT + N, [4]
Compound II + N,™ + H* ------ > Catalase Fe,+ + N," + H,O [5]

The formation of azidyl radical was found to be carbon monoxide-
insensitive, indicated that resting state enzyme was not involved in
the reaction. Detection of free radical formation provided evidence
for one-electron oxidation/reduction mechanisms (Rea” 3). It has
therefore been proposed that the oxidation of azide by catalase
proceeds by a cycle similar to peroxidases, involving Compound-I and
Compound-II [15,16]. Most peroxidaes, including lactoperoxidase,
contain ferriprotoporphyrin IX as a prosthetic group. The formation of
hydroxyl radical has been detected during the irreversible inactivation
of lactoperoxidase in the presence of excess H,0, [17,18].

As shown in Figure 3, increase in fluorescence in the presence of
azide (R _-6) confirms that similar to lactoperoxidase, catalase was
inhibited by azide and HRs was produced in the reaction mixture. If
the HR generation was due to impurities in reaction mixture the same
effect would be generated in R _-3. 3AT require H O, generation in
reaction mixture at constant rate for augmentation of its inhibitory
effects 2 thus it did not alter the generation of HRs significantly (R -5).

The close vicinity of active site plays very important role in enzyme
activity. If HRs in reaction mixture were generated by catalase, it
should be affected by structural changes of the enzyme. Different
concentrations of urea were used to induce structural changes in the
enzyme. At each concentration of urea, reaction mixture was prepared
with and without addition of BLC. It was followed by the measurement
of fluorescence intensity and calculation of AFluorescence (AFlu) as
described in materials and methods. If the HR generation was only
due to impurities, there should be equal production of HRs (AFlu) in
each reaction mixture (Figure 3). At A 315 nm urea also produce some
fluorescence. These minute fluctuation were diminished by using A
326 nm in the particular experiment.

Protein fluorescence spectra demonstrate that the presence of urea
(0to 4 M) brings about structural changes in BLC (Figure 4). Differential
productions of HRs (AFlu) in presence of different urea concentrations
with same amount of BLC (Figure 3) suggest that the enzyme is
involved in the production of HRs and this production is affected by
structural changes of the enzyme. If change in fluorescence was due to
different concentrations of urea, there would be a continuous increase/
decrease in fluorescence with increasing concentration of urea. As
shown in Figure 4, the peak of fluorescent spectra does not raise at 1-5
M urea but shift towards 350 nm. It shows that native catalase tetramer
acquire some structural modification. These structural rearrangements
may alter the nearby environment of haem group in different way, and
therefore, can generate opposite effects at different urea concentrations

(Figure 3). The HR generation was monitored only upto 4 M urea
concentration because, as shown in Figure 4, at 5 M and above urea
concentration there was a sharp increase in protein fluorescence.
It indicates the major changes in protein structure like complete
unfolding.

Our preliminary data like a) in presence of BLC the generation of
HRs in reaction mixture was increased and b) differential productions
of HRs due to either presence of azide or urea induced structural
changes of BLC; indicate that the BLC participate in the generation of
HRs at low concentrations (<20 uM) of H,O,. However, the present
study had certain limitations. It is required to have a system free from
impurities to study the generation of HRs by catalase. The effect of free
iron ion (participation in Fenton’s reaction) increased by many folds
at high concentrations (mM) of H,0,. The measurement of catalase
activity at low concentrations (uM) of H,O, requires very sensitive
instruments. Maintaining low concentrations of H,O, in reaction
mixture is another difficulty because it is unstable at 37°C, optimum
temperature for enzyme activity. Due to these limitations we could
measure neither catalase activity under the conditions used for HR
formation nor the generation of HRs at high concentrations of H,O,.
The fluorescence product 2-OH-TA is not available commercially
therefore we measured relative HR generation in different reaction
mixtures. We sincerely admit that we were unable to quantify the
concentrations of HRs produced in different experiments and due
to that, could not use statistical calculations. For each value, same
experiment was repeated three times simultaneously and average of
results was used for data interpretation. All experiments were repeated
once again after a gap of one month and the pattern of findings were
same. The quantification of HRs produced by catalase was also required
for the study of reaction kinetics.

The mammalian catalase has been described “a venerable enzyme
with new mysteries”. There are several findings related to mammalian
catalase which are still unexplained [3,4,7]. For example, in specific
conditions enzyme consume H,O, as its only substrate without
generating O, [19]. Recent studies provide evidence of interlink
between intracellular catalase, amyloid aggregation and increased ROS
generation; and role of these interactions in Alzheimer disease [20]. HR
generation can be a new feature of mammalian catalase which could
provide explanation of unexplained findings. It requires further studies
coupled with advanced techniques to establish our findings completely.

Conclusion

HR generation by BLC catalase is a new possible product. A system
free from impurities, generation of low concentrations of H,O, at
constant rate and a sensitive as well as specific fluorescent probe for
detection and quantification of HRs are prerequisites to confirm the
findings. If characterized completely, the new character will provide the
opportunity to explore the role of catalase again as an ‘HR producer’ in
cell signaling, aging and apoptosis making it more relevant in human
health and diseases.

References

1. Switala J, Loewen PC (2002) Diversity of properties among catalases. Arch
Biochem Biophys 401: 145-154.

2. Putnam CD, Arvai AS, Bourne Y, Tainer JA (2000) Active and inhibited human
catalase structures: ligand and NADPH binding and catalytic mechanism. J Mol
Biol 296: 295-309.

3. Kirkman HN, Gaetani GF (2007) Mammalian catalase: a venerable enzyme
with new mysteries. Trends Biochem Sci 32: 44-50.

4. Sugadev R, Ponnuswamy MN, Sekar K (2011) Structural analysis of NADPH

Biochem Pharmacol
ISSN:2167-0501 BCPC, an open access journal

Volume 1 ¢ Issue 7 + 1000103


http://www.ncbi.nlm.nih.gov/pubmed/12054464
http://www.ncbi.nlm.nih.gov/pubmed/10656833
http://www.ncbi.nlm.nih.gov/pubmed/17158050
http://www.ncbi.nlm.nih.gov/pubmed/21968615

Citation: Goyal MM, Meshram A, Basak A (2012) Hydroxyl Radical Generation by Mammalian Catalase: A Few Experimental Evidences. Biochem

Pharmacol 1:103. doi:10.4172/2167-0501.1000103

Page 5 of 5

depleted bovine liver catalase and its inhibitor complexes. Int J Biochem Mol
Biol 2: 67-77.

Melov S, Ravenscroft J, Malik S, Gill MS, Walker DW, et al. (2000) Extension
of life-span with superoxide dismutase/catalase mimetics. Science 289: 1567-
1569.

. Schriner SE, Linford NJ, Martin GM, Treuting P, Ogburn CE, et al. (2005)
Extension of murine life span by overexpression of catalase targeted to
mitochondria. Science 308: 1909-1911.

Goyal MM, Basak A (2010) Human catalase: looking for complete identity.
Protein Cell 1: 888-897.

. GomesA, Fernandes E, Lima JL (2005) Fluorescence probes used for detection
of reactive oxygen species. J Biochem Biophys Methods 65: 45-80.

. Yan EB, Unthank JK, Castillo-Melendez M, Miller SL, Langford SJ, et al. (2005)
Novel method for in vivo hydroxyl radical measurement by microdialysis in fetal
sheep brain in utero. J Appl Physiol 98: 2304-2310.

10. Waugh WH (2004) Iron chelation by dibasic amino acid prevents glycoprotein
insolubilities: A strategy to inhibit age-related macular degeneration? The
Journal of Applied Research 4: 208-214.

11. Bartels-Stringer M, Wetzels JF, Wouterse AC, Steenbergen E, Russel FG, et
al. (2005) Iron chelators do not reduce cold-induced cell injury in the isolated
perfused rat kidney model. Nephrol Dial Transplant 20: 2646-2653.

12. Pain RH (1996) Determining the fluorescence spectrum of a protein. John
Wiley and Sons, New York, U.S.A.

20.

.Puppo A, Halliwell B (1988) Formation of hydroxyl radicals from hydrogen

peroxide in the presence of iron. Is haemoglobin a biological Fenton reagent?
Biochem J 249: 185-190.

.Elandalloussi LM, Afonso R, Nunes PA, Cancela ML (2003) Effect of

desferrioxamine and 2,2'-bipyridyl on the proliferation of Perkinsus atlanticus.
Biomol Eng 20: 349-354.

. Lardinois OM, Rouxhet PG (1996) Peroxidatic degradation of azide by catalase

and irreversible enzyme inactivation. Biochim Biophys Acta 1298: 180-190.

. Kalyanaraman B, Janzen EG, Mason RP (1985) Spin trapping of the azidyl

radical in azide/catalase/H,0, and various azide/peroxidase/H,0O, peroxidizing
systems. J Biol Chem 260: 4003-4006.

.Jenzer H, Kohler H, Broger C (1987) The role of hydroxyl radicals in irreversible

inactivation of lactoperoxidase by excess H,O,. A spin-trapping/ESR and
absorption spectroscopy study. Arch Biochem Biophys 258: 381-390.

.Kohler H, Jenzer H (1989) Interaction of lactoperoxidase with hydrogen

peroxide. Formation of enzyme intermediates and generation of free radicals.
Free Radic Biol Med 6: 323-339.

. de Groot H, Auferkamp O, Bramey T, de Groot K, Kirsch M, et al. (2006) Non-

oxygen-forming pathways of hydrogen peroxide degradation by bovine liver
catalase at low hydrogen peroxide fluxes. Free Radic Res 40: 67-74.

Habib LK, Lee MT, Yang J (2010) Inhibitors of catalase-amyloid interactions
protect cells from beta-amyloid-induced oxidative stress and toxicity. J Biol
Chem 285: 38933-38943.

Biochem Pharmacol
ISSN:2167-0501 BCPC, an open access journal

Volume 1 ¢ Issue 7 + 1000103


http://www.ncbi.nlm.nih.gov/pubmed/21968615
http://www.ncbi.nlm.nih.gov/pubmed/10968795
http://www.ncbi.nlm.nih.gov/pubmed/15879174
http://www.ncbi.nlm.nih.gov/pubmed/21204015
http://www.ncbi.nlm.nih.gov/pubmed/16297980
http://www.ncbi.nlm.nih.gov/pubmed/15718409
http://www.ncbi.nlm.nih.gov/pubmed/16204299
http://www.ncbi.nlm.nih.gov/pubmed/3342006
http://www.ncbi.nlm.nih.gov/pubmed/12919819
http://www.ncbi.nlm.nih.gov/pubmed/8980644
http://www.ncbi.nlm.nih.gov/pubmed/2984193
http://www.ncbi.nlm.nih.gov/pubmed/2823714
http://www.ncbi.nlm.nih.gov/pubmed/2545551
http://www.ncbi.nlm.nih.gov/pubmed/16298761
http://www.ncbi.nlm.nih.gov/pubmed/20923778

	Title
	Corresponding author
	Abstract
	Keywords
	Abbreviations
	Introduction
	Materials and Methods
	Preparation of the reagents
	Detection of hydroxyl radical generation
	Effect of chelator on generation of HRs by free iron
	HR generation by catalase
	Effects of various concentrations of urea on generation ofHRs by catalase
	Determining the fluorescence spectrum of catalase inpresence of urea

	Results
	Discussion
	Conclusion
	Table 1
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	References



