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Abstract
Introduction: The aim of this work is to evaluate the effect of low-level laser irradiation (LLLI), by 
lasers with different wavelengths, on glycated catalase enzyme in vitro experimentally. 
Methods: This is done by measuring the activity and structure properties of glycated catalase 
enzyme. The structure properties were evaluated with circular dichroism (CD) and fluoroscopy 
methods. Three continuous wave (CW) lasers in the visible spectrum (λ = 450, 530, 638 nm) and 
a 100-ns pulsed laser in the infrared spectrum (λ = 905 nm) were chosen for comparison. For the 
infrared laser, same effects have been investigated for different energy doses. The effect of photon 
energy (hυ) at different wavelengths was measured on activity, CD, and fluoroscopy properties of 
catalase, and compared with the control group (samples without irradiation). The energy intensity 
of laser should not exceed 0.1 J/cm2. Experiments were performed on glycated catalase between 
2 to 16 weeks after glycation of catalase. The LLLI effect was also investigated on the samples, by 
comparing the catalase activity, CD and fluoroscopy for different wavelengths.
Results: Our results indicated, the decrease in catalase activity as a function of glycation time 
(weeks) for all samples, and a slight increase on its activity by different laser wavelengths irradiation 
for any fixed period of glycation time. Finally, the catalase activity has been increased as the laser’s 
photon energy (hυ) intensified. More specifically, the blue laser (λ = 450 nm) had the most and 
the red laser (λ = 638 nm) had the least effect, and the green laser (λ = 530 nm) had the medium 
effect on catalase activity as well. Furthermore, pulsed laser had an additional effect by increasing 
energy dosage. 
Conclusion: As we expected in all experiments, an increase in the catalase activity was coincident 
with a decrease in the catalase fluoroscopy and CD parameters.
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Introduction
Catalase enzyme is responsible for intracellular 
regulations of H2O2,

1,2 and it is also a part of antioxidant 
defense system.2 Catalase exists in almost all human 
cellular microbodies but not in mitochondria.1 Diabetes 
mellitus accompanied by hyperglycaemia and causes 
enzymatic glycation of proteins such as catalase enzymes. 
The activity of protein is important and depends on 
protein structure, while glycation affects its structure 
and induces functional alterations. These alterations 
could be effective in pathogenesis of some complications 
of diabetes.3 Antioxidant defense deficiency and lipid 
metabolism disorder are the leading causes of the 
metabolic diseases.4 Interaction between protein and 
glucose, produces advanced glycated end products 

(AGEs).5 AGEs could damage the protein and could have 
toxic effects.6 The pathologic relationship between AGEs 
and free radicals was shown by some prior studies.7 Some 
AGE compounds could be detected by fluorometry, due 
to their fluorescence emission properties.
Diabetes is accompanied by overproduction of 
free radicals,8,9 and the excessive oxidative stress.10 
Consequently, the activity of antioxidant enzymes as a 
defensive mechanism is higher than the enzymes activity 
in nondiabetes condition. Catalase, as an antioxidant, 
could be damaged in diabetes. Moreover, free radicals, 
as pathogenic factors, promote the diabetic process and 
destroy antioxidant enzymes.11

There are various methods that are able to alter oxidative 
stress and the activity of catalase, such as heating and 
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microwave radiation.12-14 In a prior study by Sallam and 
Awad, the effect of the static magnetic field on rat liver 
has been investigated.15 They exposed the whole body of 
rats to magnetic field for one hour each day. After 1 week, 
they observed that enzymatic activities were increased. 
Some studies showed that electromagnetic irradiation 
in the range of IR, visible, and ultraviolet can modify the 
function of enzymes.16

Fedoseyeva et al irradiated the yeast cells, by a HeNe laser 
with 638 nm wavelength17,18 and observed that the activity 
of catalase increased immediately after irradiation.18

Low-level laser irradiation (LLLI) was considered as an 
effective method to change the oxidative stress and to 
alter the activity of enzymes.19,20 Low-level laser therapy 
with 660 nm wavelength was also used on lung tissue 
to reduce the oxidative stress20 and the skin wounds in 
diabetic rats.19

Chen et al irradiated the seed samples with microwave 
radiation and HeNe laser separately, and measured the 
enzymatic activities.12 Later in another work, they used 
635 nm and 808 nm laser irradiation on stem cells.21 
They used these wavelengths separately and also as 
dual-wavelength laser and they concluded using both 
wavelengths on one sample could be more effective.21 In 
another study, Unnikrishna Pillai and Padma used laser 
irradiations with wavelengths 476 nm, 488 nm, and 514 
nm on seeds, and concluded that, the 476 nm wavelength 
had more effect on increasing the activity of catalase.22

Many different studies were conducted to investigate the 
effect of laser irradiation on parotid glands in diabetes 
rats.23-27 Hyperglycemia in salivary glands occurred in 
diabetes rates.24,26 LLLI could alter the activity of enzymes 
and also it effected on production of superoxide anions.28 
Simoes et al used infrared diode laser on submandibular 
and parotid glands and measured the protein 
concentration and enzymatic activities. They concluded 
that, laser phototherapy modified the activity of catalase 
in diabetic rats compared to non-diabetic rats.24 They 
showed that, LLLI could be used as an auxiliary therapy.28 
In another study, Campos et al used 780 nm diode 
laser on submandibular and sublingual rat glands, and 
claimed that, the activity of catalase and peroxidase was 
increased.27 They reported that, the laser phototherapy 
could be a protective mechanism against oxidative stress.
In another investigation enzyme serum containing 
amylase was irradiated by low-level GaAlAs laser in 904 
nm wavelength, with 0.1 to 1 J/cm2 energy density. In this 
work, the optimum dosage for increasing the activity of 
catalase was obtained at 0.1 J/cm2.29

There remain two important questions. First, which 
wavelength from IR up to visible electromagnetic has the 
most powerful effect on catalase activity? Second, what is 
the advantage of continues wave (CW) laser over pulsed 
laser irradiation? In this article, we focus on the effect of 
LLLI on catalase employing different wavelength of lasers.
During our experiments as recommended in a previous 

study,29 we kept the energy dosage of irradiations at 0.1 
J/cm2; At this point we repeat their experiment by three 
irradiation doses of 0.01, 0.1 and 1 J/cm2. We observed 
no significant effect by irradiation at 0.01 J/cm2 and 
damaging the sample by 1 J/cm2 irradiation. Finally we 
found best effect of irradiation at 0.1 J/cm2 which was in 
line with their conclusion. We chose 638 nm, 530 nm, 
and 450 nm continues lasers in visible range, and also we 
chose 905 nm, 100 ns pulsed laser in IR range.

Materials
Catalase (C1345), glucose (G8270) and phosphate 
buffered saline (PBS, P5368) were acquired from Sigma 
Company (USA). 0.22 milliliters filter was obtained from 
Millipore Corporation, Billerica, MA (USA).

Methods
Glycation of catalase: The solution of the pure catalase 
with concentration of 10 mg/mL, was made by combining 
this protein with phosphate buffered saline (PBS) at 7.4 
pH. A sample of pure catalase solution was prepared and 
named pure catalase. Then, a sample of the mentioned 
solution was mixed with glucose solution, with 50 mM/L 
concentration, and named glycated catalase. The glucose 
solution was prepared by combining the pure glucose 
with PBS.30-32 

A part of solution which named glycated catalase, was 
directly separated and labeled as glycated control sample, 
but the rest of recent solution was exposed to physical 
factors (kind of laser) and named affected glycated sample. 
In other words, there were three solutions; catalase, 
glycated catalase, and affected glycated catalase. After 
filtration of all samples under sterilized condition, they 
were maintained in incubator at 37°C for 16 weeks.33,34

Every 2 weeks throughout a 16 weeks span, an aliquot 
of each three solutions was prepared and then saved at 
-80°C, until it could be analyzed by fluorometry, CD 
(circular dichroism), and activity assay methods.30-32

Laser Irradiation: In this study, before performing any 
experiment we measured absorption spectrum of samples 
to make sure that they had uniform absorption at different 
wavelengths (UV/VIS spectrometer PerkinElmer). Then 
we ran 2 separate series of experiments. In the first series, 
3 different wavelengths of laser were used to irradiate 
glycated samples. The diode laser operating at 450 nm, 
530 nm and 638 nm wavelengths with 16 mW power, 
and irradiate sample for 10 minutes. Energy dose of 0.1 J/
cm2 was achieved by adjusting the geometry of our setup 
at a power density of 0.17 mW/cm2, during 10 minutes 
irradiation time (Table 1). The spot sizes of laser beams 
were kept constant at 94.1 cm2 during irradiation.
In the second part of experiment, a 100 ns pulsed diode 
laser operating at 905 nm wavelength, was used to irradiate 
the samples with four different dosages of d = 2, 4, 8 and 
12 J/cm2. Different doses were achieved by adjusting the 
distance between the laser head and the sample (Table 2).
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In the first part of the experiment, the control group 
did not receive any radiation. Diode lasers were driven 
by Main LAZMIK-01 at 450 nm (blue), 530 nm (green), 
and by Main 3L-TECH FARAN KLO at 638 nm (red), 
and finally by FARAN-LO7 at 905 nm (IR) with pulse 
duration 100 ns 3000 pulse/second. To make sure that 
the effects were not thermal, during all our experiments, 
we monitored the temperature of catalase samples with 
IR thermo-meter for keeping the temperature at 24°C 
constantly.
Fluorometry: In this method, each of the above samples at 
a concentration of 0.5 mg/mL was measured by Shimadzu 
spectrofluorometer RF-5000 (Japan, Kyoto). Excitation 
and emission wavelengths of 350 and 440 nm were 
considered respectively.35,36

Circular dichroism: Spectra assessment was done by 
JASCO-810 spectropolarimeter (Jasco, Tokyo, Japan). The 
structure of each above samples containing concentration 
of 0.1 mg/mL was measured. The spectra were modulated 
and achieved as units of mean residue molar ellipticity, 

[θ] (deg cm2 dmol−1), based on the average weight of the 
amino acids (112.4). The equation [θ] λ= (θ×112.4)/cl 
showed the molar ellipticity (measurements were done at 
25°C).31,37

Activity: Function of catalase was measured by using 
the activity assay kits with enzymatic colorimetric 
method (Biocore Diagnosik Ulm GmbH, Germany). The 
measurement of the enzyme activity was performed as U/
mL, and the results were presented as percentage.
Error: First, we fit a curve on data points and then, we 
calculated the difference between data points and the 
fitted curve. The average deviation was considered to be 
an error.38

Results
Effect of irradiation on glycated catalase is presented in 
Figure 1. It shows that, glycated catalase activity decreases 
as a function of incubation time (weeks) for all control and 
irradiated samples. It also indicates that catalase activity 
increases as irradiated by red, green, and blue lasers 

Table 1 . Experiment Part 1: Visible Laser Irradiation Parameters

Laser Type Power (mW ) Power Density (mW/cm2) Energy Dose (J/cm2) Wavelength (nm) Irradiation Time (min) Spot Size (cm2)

Diode (red) 16 0.17 0.1 638 10 94.1

Diode (green) 16 0.17 0.1 530 10 94.1

Diode (blue) 16 0.17 0.1 450 10 94.1

Table 2. Experiment Part 2: IR Laser Irradiation Parameters for 100 ns Pulsed Laser With 905 nm Wavelength

Sample Group Power (mW ) Energy Dose (J/cm2) Irradiation Time (min) Pulse rate (pulse/s)

D1 21.6 2 2.5 3000

D2 21.6 4 5 3000

D3 21.6 8 10 3000

D4 21.6 12 15 3000

Figure 1. Catalase Activity Versus Its Incubation Time (Weeks) for Different Laser Irradiation. Red, green, blue lines are the glycated catalase samples 
exposed to red (638 nm), green (530 nm) and blue (450 nm) laser irradiation, at 0.1 J/cm2 energy dose. Control groups are the glycated catalase 
samples which didn’t receive any irradiation. Pure catalase samples were not glycated and didn’t receive any irradiation (error < 0.06). The error is 
calculated by curve fitting and measuring mean deviation.38
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respectively with constant irradiation energy dosage 
of 0.1 J/cm2. In this figure, the black line represents the 
change in the activity of pure catalase during 16 weeks. 
As it can be seen, for same dose of energy, the activity of 
glycated catalase affected by blue laser is closer to pure 
catalase compared to green and red lasers. This result 
indicates that, the activity of catalase is decreased by 
glycation and also the time of glycation (week). Then its 
activity increases by 0.1 J/cm2 irradiation, blue irradiation 
has a maximum activity, green and red have medium and 
minimum activity respectively.
Figure 2 illustrates the fluorescence emission as a 
function of incubation time for all pure catalase, for both 
control and irradiated glycated catalase samples. It also 
indicates that, fluorescence of catalase slightly decreased, 
by irradiation in comparison to the control sample. 
Moreover, the strength of this effect is proportional to 
the photon energy (hυ). This means that, the change of 
fluorescence emission induced by blue laser irradiation 
is higher.
Figure 3 is the plot of the CD ellipticity [θ] as a function of 
glycation time (weeks) for a pure catalase, also control and 

irradiated glycated catalase samples. The interpretation 
of this graph is very similar to its fluorescence behavior, 
but the effect of irradiation is lower.
Figure 4a shows, the catalase activity, as a function of 
glycation time (weeks). The effect of IR laser irradiation 
is correlated with visible laser irradiation on catalase 
activity. Figure 4b is a cross section of Figure 4a, at sixth 
week, which indicates an increase on catalase activity 
as the laser irradiation energy dose is increased. Figure 
5a shows, fluorescence emission of AGE products for 
different samples. Samples with higher incubation time 
with glucose have higher fluorescence emission. Figure 
5b is a cross section of Figure 5a, at fixed sixth week. This 
indicates a decrease in fluorometry parameter, as the 
laser irradiation energy dose increases.

Discussion
Catalase enzyme activity under glycation condition (in 
vitro) and in type 2 diabetes (in vivo) has been studied 
previously.5,24 Mechanisms involved in the prevention 
of catalase denaturation and the reduction of its activity 
under these effects (in vitro and in vivo fields) should be 

Figure 2. Fluorescence Emission Versus its Incubation Time (Weeks) for Different Laser Irradiation. Red, green, blue lines are the glycated catalase 
samples exposed to red (638 nm), green (530 nm) and blue (450nm) laser irradiation at 0.1J/cm2 energy dose. Control groups are the glycated 
catalase samples which did not receive any irradiation. Pure catalase samples were not glycated and did not receive any irradiation (error < 0.06).

Figure 3. Catalase CD Versus its Incubation Time (Weeks) for Different Laser Irradiation. Red, green, blue lines are the glycated catalase samples 
exposed to red (638 nm), green (530 nm) and blue (450 nm) laser irradiation at 0.1 J/cm2 energy dose. Control groups are the glycated catalase 
samples which did not receive any irradiation. Pure catalase samples were not glycated and did not receive any irradiation (error < 0.03).
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investigated. Nowadays complement theories which use 
multiple potential compounds or methods are noticeable. 
In the present study, we investigated the structure and the 
activity of glycated catalase exposed to laser irradiation. 
Laser irradiation such as LLLI is a convenient and 
attractive candidate for complement therapy, in order 
to reduce oxidative stress and to modify the activity of 
enzyme39,40 even in diabetes condition.24,27 In one study, 
the influence of low-level GaAlAs laser irradiation at 
904 nm for different doses on amylase activity was 
investigated experimentally.29 The results indicated that, 
for laser energy dosage under 0.1 J/cm2 the enzymatic 
activity increased, while for energy dosage over 0.5 J/
cm2, enzymatic activity decreased. Our experiments 
were performed on different samples and we had the 
same conclusion for all of them. We showed the positive 
alteration not only in the activity, but also in the structure 
of the glycated catalase. The structural results including 
CD and fluorometry data indicate, the shift of related 
quantities to normal level under laser irradiation. Like 
our previous work on glycated protein,32 fluorescence 
emission increased with glycation time. This is due to 

the higher amount of AGEs compounds in the samples. 
These alternations were adapted with activity alterations 
that were approached to natural level by laser. In the last 
part of our experiment, we focused on energy dosage of 
0.1 J/cm2, and investigated the effect of laser wavelength 
on catalase activity and its structure, including CD and 
fluoroscopy.
In the second part of our experiment, irradiation was 
performed by 100 ns pulsed IR laser (lambda = 905 nm) 
with four different energy doses. Remember that in the 
first part of our experiment the power density, radiation 
time and spot area of radiation were kept constant and 
only the wavelength of laser was the variable. While, the 
second part of experiment (IR laser) the wavelength, 
laser power and pulse rate were kept constant and only 
the irradiation time was the variable. This effect of IR 
irradiation showed that, it was also correlated with the 
visible laser irradiation. Figure 4a shows catalase activity 
decreased by increasing glycation time. Fig 4b indicates 
that for a fix glycation time, the activity of catalase 
increased by irradiation energy density.
Circular dichroism Figure 5a and fluorometry Figure 6a 

Figure 4. Activity of Glycated Catalase Versus Incubation Time (Week) and 905 nm Pulsed Laser Irradiation Energy Dose (2, 4, 8, 12 J/cm2). (a) 
Catalase activity for different energy doses (2, 4, 8, 12 J/cm2) of laser irradiation. The glycated samples had different incubation time (2 up to 
16 weeks). (b) A cross section of graph part (a), samples with 6th week of incubation time, after receiving 2, 4, 8, 12 J/cm2 energy dose of laser 
irradiations

Figure 5. Fluorescence Emission of Glycated Catalase Versus Incubation Time (Week) and 905 nm Pulsed Laser Irradiation Energy Dose (J/cm2) 
(a) Catalase fluorometry for different energy doses (2, 4, 8, 12 J/cm2) of laser irradiation. The glycated samples had different incubation time (2 up 
to 16 weeks). (b) A cross section of graph part (a), samples with 6th week of incubation time, after receiving 2, 4, 8, 12 J/cm2 energy dose of laser 
irradiations.
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indicate their increase as glycation time. Figure 5b circular 
dichroism and Figure 6b fluorometry are both decreased 
versus irradiation energy density.
One of our experiments was uniform irradiation of 
catalase. For this purpose, we designed and made an 
aluminum cavity to make sure that the laser irradiation 
will be absorbed by catalase after multiple reflections 
inside the cavity.

Conclusion
We compared the effect of laser irradiation, with different 
wavelengths on glycated catalase and showed that the 
activity and fluorometry and CD of glycated catalase are 
changed by blue laser more than green and red lasers. 
Based on this study, laser irradiation with higher photon 
energy, has more impact on the activity and structure 
of catalase. In IR laser irradiation, we experienced an 
increase in activity as a function of irradiation dosage 
and also a decrease in CD and fluorometry.
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