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Abstract: In Low-Level Laser Therapy (LLLT) choosing the proper laser wavelength is extremely important. In this article,
we have investigated the effects of four different laser wavelengths on oxidant parameters (AGE, AOPP, and ox-LDL) levels in
diabetic Wistar rats experimentally. At first, 24 rats were divided into six equal groups. Except for the none diabetic control group,
the other five groups received streptozotocin (STZ) injection to induce diabetes. Four groups of diabetic rats were then irradiated
by four different laser wavelengths IR (808nm), Red (638nm), Green (532nm) and Blue (450nm). The last group which did not
receive any irradiation is named non-irradiated diabetic control group. Laser therapies were performed Intravenously through an
animal's caudal vein by a fiber Optics. Finally, the levels of oxidant parameters in rat's blood samples of each group were
discussed. Results show a decrease in oxidants levels in all four irradiated groups of rats relative to the non-irradiated diabetic
control group. More importantly, shorter wavelengths affect more efficient than longer wavelengths on reducing the oxidants
levels with constant Laser energy. As a result, we conclude that laser with shorter wavelength e.g. Blue is more effective than
longer wavelengths e.g. IR or Red, in reducing the oxidant parameters (AGE, AOPP, and ox-LDL) levels in Intravenous LLLT.
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1. Introduction

Low-level laser therapy (LLLT) also recognized as laser
photo-therapy [1], has been known as a dose rate related
treatment without any promptly noticeable temperature rise in
the irradiated tissue. [2] Low-level laser therapy (LLLT) has
been evolved in medicine for more than 40 years. [3, 41] The
mechanism of LLLT is proposed to be based on the absorption
of photons by cytochrome c oxidase, the terminal enzyme in
the mitochondrial respiratory chain that catalyzes the
reduction process of oxygen used in energy metabolism. [4]

Metabolic diseases such as diabetes are one of the most
concerning health problems [18].

Regarding the worldwide complications caused by diabetes,

the WHO Global Burden of Disease estimated that around 177
million people in the world were dealing with diabetes in the
year 2000. It is also estimated that around two-thirds of these
people are in developing countries. [5, 40, 43]

The estimations for the future show no comfort at all. If
current trends continue, the above statements may easily
become more than double by the year 2025. It is also known
that already nearly a quarter or even a third of acute sector
health expenditures has to be dedicated to diabetes and the
long-term complications caused by it, in some communities. It
is estimated that presently around 194 million people
worldwide, or 5.1 (%) among the adult population, are dealing
with diabetes and that this will jump to 333 million, or 6.3 (%),
by 2025. [5] And it has been estimated that by 2030, there will
be 370 million people that are affected by diabetes,
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worldwide.[6] Especially since, 80% of the total number of
patients are from poor and middle-income countries. [40]

The most prevalent type of diabetes is type 2 diabetes
mellitus, which can be resulted from resistance to insulin
action and a compensatory insulin secretory response [7].
Type 2 diabetes embodies about 85 (%) to 95 (%) of all
diabetes in developed countries and attributes to an even
higher percentage in developing countries. Whereas
previously type 2 diabetes was observed only in individuals in
the older age groups, there is now an ever-growing number of
reports of this disease in children, in some cases as young as
eight, all around the world. Nowadays there is a developing
concern that type 2 diabetes in children has the potential to
become a global public health issue causing serious outcomes
[5]-

The most significant complications caused by diabetes, in a
public health perspective is regarding human suffering and
disability, such as blindness [8, 9], amputation [10], coronary
artery, and peripheral vascular disease, stroke [11], diabetic
neuropathy [12], and renal failure [13, 14], which are
responsible for magnificent reduced life expectancy, social
and financial burdens. [5] It has also been suggested that
diabetes mellitus can be responsible for both macro and
microvascular modifications, as well as neurological diseases
[15, 42, 43]. For example, studies have shown convincing
evidence that type 2 diabetes mellitus has an increased risk of
cognitive impairment and dementia and in general, the
prevalence of dementia in diabetic patients is raised by
50%-100% compared to non-diabetic people. [44]

It is expected from present estimations that in 2025 total
direct healthcare expenditure on diabetes worldwide will be
between 213 billion and 396 billion international dollars
(around 7- 13 (%) of the total world healthcare budget in the
year 2025). Almost in every developed society, type 2 diabetes
is highly noticeable among all other leading causes of
blindness. It is also one of the prominent causes of death in
most developed countries, because of the way it affects
cardiovascular disease (around 70-80 (%) of people dealing
with diabetes, die of cardiovascular disease.).

All in all, diabetes is certain to be one of the most
challenging health problems in the 21st century [5]. For
example, in the United States, diabetes is ranked as the 7th
main cause of death.[16] In India, which is considered the
world’s capital of diabetes, with a predicted diabetic
population approaching the alarming range of 70 million
people by 2025 and 80 million by 2030 [17].

The mechanism by which diabetes causes these
complications is still not fully understood, but involves the
direct toxic effects of high glucose levels, along with the
impact of elevated blood pressure, abnormal lipid levels [5].

Diabetes mellitus is a convoluted disease with both
metabolic and vascular elements outlined by hyperglycemia
due to dysfunctions in insulin secretion or insulin action [19].

Increased production of high levels of oxygen free radicals
has been linked to glucose oxidation and non-enzymatic
glycation of proteins which can lead to inducing some
obstacles caused by diabetes, such as stroke, neuropathy,

retinopathy, and nephropathy [20, 21]. LLLT can trigger or
suppress disordered biological functions and normalize them.
LLLT has been known to accelerate wound healing, collagen
production, and modulation of the immune system, also it can
affectimpaired functions of diabetic patients [18].

The inequality in the level of ROS production and the
antioxidant defense is called “Oxidative Stress” [22].
Oxidative stress plays a very important role in diabetic
pathogenesis and progress of its late complications [23-25].
ROS are known to play a key role in oxidative damage of
DNA, proteins, lipids, and cell membrane structure [24, 26].

Ox-LDL is a key parameter in atherosclerosis because of its
stimulating effect on inflammation around the arterial wall [27,
28, 29]. Ox-LDL may contain a specific oxidation product,
such as lipoxygenase treated LDL. The lipoprotein subjected
to such treatment contains varying amounts of phospholipid
and cholesterol ester hydroperoxides. Ox-LDL may also
contain limited amounts of a variety of degraded oxidized lipid
products [28]. Different forms of oxidized LDL can stimulate
the transformation of macrophages into foam cells. They are
also capable of inducing the expression of cell adhesion
molecules in endothelial cells, which leads to abnormal
endothelial cell monocyte interactions. Therefore, it is
suggested that the accelerated development of macro vascular
complications in diabetes could be because of elevated levels
of modified lipoproteins [30].

AGEs (Advanced Glycation End-Products) are a complex
and heterogeneous group of compounds that are one of the key
factors in diabetes-related complications [31]. The effect of a
large amount of glucose on bio-molecules like protein leads to
the formation of advanced glycation end products. During
hyperglycemia, AGEs can be produced by oxidative stress
reactions. AGEs play a main role in diabetic vascular
complication pathogenesis, and its formation increases in the
blood of diabetic patients [32, 33]. Furthermore, AGEs are
involved in various pathological conditions such as
Alzheimer’s disease and end-stage renal disease (ESRD) [31].
AGEs have also been determined as a novel biomarker for
patients with peripheral artery disease (PAD) [34].

The activity of chlorinated oxidants during oxidative stress
makes dityrosine-containing cross-linked protein products
which are determined as Advanced Oxidation Protein Products
(AOPP) [35]. AOPP represents a helpful Oxidative Protein
Damage (OPD) marker in diabetics [22]. Moreover, AOPP has
been considered as inflammation mediators that their elevated
level is noticeable in diabetes [35, 36].

In our previous studies, we focused on the effect of different
wavelengths on the activity of glycated catalase in-vitro [37].
In another study, we investigate the effect of different
wavelengths of laser irradiation on the activity of antioxidant
parameters in diabetic Wistar rats [38].

In this article, we are following the same concept and
investigate the effects of different wavelengths laser
irradiation on oxidants (AGEs, AOPP, and ox-LDL) levels in
diabetic Wistar rats.

The aim of present medical approaches toward diabetes is to
keep the amounts of glucose and lipids in normal levels and
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control these factors as closely as possible to prevent
complications.[43] Diabetes is currently treated by
pharmaceutical drugs which cause many unwanted side effects.

Considering that the therapeutic approach of using a
low-level laser is verified to be harmless to organisms, having
laser therapy beside Pharmaceutical drugs to reduce the levels
of oxidants parameters may result in a reduction in the
consumption of these drugs and their existing side effects,
which is the main aim of this study.

2. Method and Materials
2.1. Materials

Quantity assay kits of ox-LDL (10-1143-01) were acquired
from Mercodia Co (Sweden). Streptozotocin (STZ) (S0130)
was purchased from Sigma-Aldrich Co (USA). And for
acquiring AGE and AOPP no kits were used, and the method
for obtaining these oxidants is fully explained in the following
text. Accu-check blood glucose meter kit was purchased from
Roche Diagnostics Co (Switzerland).

2.2. Animals

The initial total number of rats was 50. The age of each rat was
eight-week-old. The body weight of each rat was 240+20g and
they were purchased from Pasteur Institute of Iran. Animals were
held in a climate-controlled vivarium (a temperature of 23+3°C
and a relative humidity range, 50+10%, and 12h light: 12h dark
cycle). Diets and water were supplied adlibitum. After being kept
1 week in this accommodation, 24 rats that showed appropriate
growth were picked for more studies. Selected rats were
randomly distributed into 6 equal groups of 4 animals each.

The first group including 4 rats (Non-diabetic control)
included normal rats that didn’t receive interference, all other
groups had been given an injection of STZ to induce diabetes;
the second group, including 4 rats, was diabetic control and was
not affected by irradiation; the other four groups, including 4
rats in each group received four different wavelength
irradiation with different time of irradiation.

2.3. STZ-induced Diabetes

Except for the non-diabetic control group, all other groups
of rats received an injection of STZ. They were administrated
by intraperitoneal injection of streptozotocin (50 mg/kg of
body weight in Na-citrate buffer. PH 4.5) to induce diabetes.
Rats ‘blood glucose levels were measured by an Accu-check
blood glucose meter every week, if blood glucose level was
equal or more than 200 mg/dl for 2 weeks uninterruptedly, rats
were deliberated diabetic. Diabetic rats in third to sixth groups
were subjected to the administration of laser irradiation.

2.4. Laser Therapy

The study was performed using four diode lasers: IR
(A=808nm), Red (4=638nm), Green (41=532 nm), and Blue
(A=450 nm).

One out of six groups of studied rats is related to the

non-diabetic control group (healthy rats without any
interference). The second group is the diabetic control group,
which received no irradiation. The other four groups of rats
are receiving different wavelength laser irradiation.

Each of the last four groups consists of four rats that are
receiving different times of irradiation (2, 4, 6, 8 min).

2.5. Irradiation

Multi-mode fiber optics for intravenous laser irradiation
was used. The core radius of fiber optics was 0.1 mm, and the
average laser power was 0.01 mW at the end of the fiber.
Animals were held by appropriate fixator.

Lasers were used to irradiate intravenously each of four
groups for 2, 4, 6, and 8 minutes. The lead of the laser
apparatus was brought in the animal blood circulation through
the animal‘s caudal vein, parallel to the caudal vein, to avoid
vein rupture and being able to place the lead into the vein more
easily during irradiation.

2.6. Sample Collection

In each venipuncture, the amount of blood obtained from
each rat was equal to 800A. Then by centrifuge process, 200 A
serum was obtained from it.

Blood samples of rats were obtained from their caudal vein.
Related serum samples of each group were prepared to detect
the biochemical parameters. Recent preparation was
accomplished during 15-min centrifugation of blood at 5000 x
g, clot separation, and storage at -70°C for further studies.

Rats ‘blood samples were taken during four periods:

1. Before laser irradiation

2. 2 hours after laser irradiation

3. 6 hours after laser irradiation

4. 24 hours after laser irradiation

To prevent serum-clot, 15-min centrifugation of blood at
5000x g has been used.

2.7. Evaluation of Oxidant Factors

2.7.1. AGEs

AGEs were assessed by the spectrophotometric method of
Kalousova et al [39]. Rats’ sera were diluted by a factor of 50
in PBS. Fluorescence intensity at 350nm excitation and
440nm emission was recorded and is expressed as the
percentage of fluorescent emission. The volume used to
measure AGEs was obtained from the mentioned 50 A serum.

2.7.2. AOPP

AOPP concentration was determined with
spectrophotometric methods (FLUOstar OPTIMA, BMG,
Germany) as described by Kalousova et al [39]. In this method,
200 Aof serum is diluted by a factor of 5, in phosphate-buffered
saline (PBS). Besides, 200 A of chloramine T (0e100 mmol/l)
for calibration and 200 A of PBS as blank id also added to
different microplates. Finally, 10ml of acetic acid and 20ml of
1.16 M Potassium lodide (KI) is added to preparations.
Measurements are done at the absorbance of 340 nm and are
expressed in mmol/L.
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2.7.3. Ox-LDL

The quantity level of ox-LDL in rat’s serum was determined
by the ELISA method and the Mercodia kit (Sweden).
Mindray ELISA reader apparatus (MR-96A model, Germany)
was used to measure related amounts.

3. Statistical Analysis

All measurements were made in triplicate and the average
with a standard deviation was used to plot the data. The data
were analyzed using Microsoft Excel software version 15.30
for MacOS. Results were expressed as mean + SD. We
conducted a comparison between all samples and the
non-irradiated control group and the accepted statistical
significance difference was p-value <0.05. Analysis of
variance (ANOVA) was used to evaluate the statistical
differences both inter and intragroup.

4. Results

The unit of the oxidants was determined according to

fluorescence light. This light was supposed (arbitrary) as 100%

for the most fluorescence light during the examination. So,
other measurements of the oxidants were performed based on
that.

The effect of different irradiation durations on the AGE
level is depicted in figure 1. It shows the level of AGE in 6 and
24 hours after different irradiation configurations. The gray
solid boxes represent the level of AGE for the diabetic control
group and repeated in the horizontal axis to make a better
comparison. From figure 1 it appears, that the level of AGE
decreased with increasing the irradiation time. At the same
time, the level of AGE decreased when the wavelength of the
lasers is reduced. As it is shown in figure 1, for each
irradiation time group, IR irradiation has the minimum effect
on reducing the AGE level and the Blue laser has the greatest
effect on it.

Figure 2 represents the effect of different radiations
configurations on the level of AOPP measured 6 and 24 hours
after irradiation. In this figure, the same as figure 1, gray solid
boxes show the level of AOPP for the diabetic control group.
As can be seen in this figure, the level of AOPP decreased by
the increase of radiation time. Furthermore, the level of AOPP
decreases by decreasing wavelength. As it is illustrated in
figure 2, IR radiation with the longest wavelength has the
smallest effect on the AOPP level and Blue radiation with the
shortest wavelength has the greatest effect on the AOPP level.

Figure 3 represents the level of ox-LDL under different
radiation configurations, respectively. These measurements
also take place within 6 and 24 hours after irradiation. From
figure 3 it is seen, that the level of ox-LDL decreased with
increased irradiation time. Also, the ox-LDL level is reduced
with decreased wavelength.

Error bars in Figures 1, 2, 3 represent standard deviations of

the data.
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Figure 1. Level of AGE 6 hours (white boxes) and 24 hours (colored boxes)
after irradiation. In this study, an arbitrary unit for AGEs level for
non-diabetic control was 23.9% F. In each column three samples of blood
were taken from each rat.

160

140

AOPP(umol/L)

120
2 4 6 8

Time of Radiation (min)

M Diabetic control NIR =Red # Green Il Blue

Figure 2. Level of AOPP 6 hours (white boxes) and 24 hours (colored boxes)
after irradiation. In this study, an arbitrary unit for AOPP level for
non-diabetic control was 93.3 umol/L. In each column, three samples of
blood were taken from each rat.
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Figure 3. Level of ox-LDL 6 hours (white boxes) and 24 hours (colored
boxes) after irradiation. In this study, an arbitrary unit for ox-LDL level for
non-diabetic control was 6.3 mU/L. In each column, three samples of blood
were taken from each rat.
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Table 1. Amount of oxidants parameters after irradiation.

AGE AOPP Ox-LDL
IR 53+0.84 (-17.18%) 144.2£1.12 (-8.27%) 8.1+0.31 (-52.17%)
Red 50+0.86 (-21.87%) 143.1+1.09 (-8.97%) 6.5+0.29 (-61.62%)
Green 48+0.91 (-25%) 139.2+1.04 (-11.45%) 5.9+0.21 (-65.16%)
Blue 45+1.5 (-29.68%) (-11.45%) 4.740.19 (-72.25%)
Non-diabetic 23.9+1.5 93.28+1.18 4.440.13
Diabetic control 64+0.81 157.21+0.95 16.9+£0.33

+ Oxidants and their decrease percentage after 24 hours from irradiation, the duration of irradiation is 6 minutes. The second number in each cell represents the

percentage of decrease compared to diabetic control.

Table 1, represents the level of different studied oxidant
factors after 24 hours of 6 min of irradiation. In this table, the
second numbers in each cell represent the percentage of
lowering the level of oxidants compared to diabetic control.
From table 1 it is clear that for each wavelength, the maximum
effect on reducing oxidant parameters is on ox-LDL. As it is
shown in table 1 and figure 4, for each irradiation
configuration, the most sensitive oxidant is ox-LDL and the
least sensitive is AOPP.

No significant changes were observed on oxidants level
from blood samples that were taken 2 hours after radiation,
these data are not indicated in figures 1 to 3.

5. Discussion

In low-level laser therapy, the plot of laser effect vs
laser energy has a Gaussian shape. Such that at very low
laser

IR Red S e
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Figure 4. Change of different oxidants (relative to diabetic control) 24 hours
after irradiation for 8 minutes.

energy no significant effect could be detected. While at very
high energy dosage a negative or destructive effect is the

outcome. The best effect is achieved if the laser energy is
adjusted somewhere in between.

To select the proper energy dosage for irradiation we choose
a wide range of laser power and time of irradiation to make
sure it is not under or over-irradiated. If we are on the positive
slope of the Gaussian shape curve by increasing the laser
energy, its effect is increased. Then we know that we are
choosing proper energy dosage.

In this article, we have focused on the laser wavelength effect
mostly used in intravascular low-level laser therapy to reduce

the oxidant parameters: AGE, AOPP, and ox-LDL.

Our in-vivo data showed a decrease in the level of the above
parameters after laser therapy for all wavelength lasers,
moreover, this effect is enlarged or magnified by choosing a
shorter wavelength laser.

In this research, laser irradiation energy dosage is extremely
important. Laser energy is defined in parallel by two equations:
Laser energy=Laser Power x Time of irradiation, Laser
energy=photon’s energy x number of photons.

Where photon’s energy is proportional to the inverse of
laser wavelength. At constant laser energy, once the photon’s
energy is higher such as in Blue laser, the number of photons is
lower in comparison to longer wavelengths.

If we plot the laser effect as a function of laser energy, it is
similar to the Gaussian shape curve which has a maximum at
certain laser energy. The appropriate energy of laser irradiation
could be obtained from the plot of laser effect as a function of
laser energy. For example, on Figure 1 AGE level continuously
decreases as the radiation time increases from 2 min to 8 min,
from figure 1 We can conclude that the laser power is not
over-dosage therefore there is no damage to the subjects. At
the same time, the difference in the AGE level is getting
smaller as the time of radiation is increasing. It shows that we
are almost at the top of the Gaussian curve with maximum
laser effect and if we increase the time of laser irradiation we
may get a negative effect or damage effect from laser
irradiation.

The results for different wavelengths are quite important
because at constant laser energy for blue laser we have fewer
photons than the number we have for red and IR laser. In other
words, the photon energy is more important than the number
of photons. This could lead us to the conclusion in the
glycation process more covalent bonds with higher energy
bonds are involved which need higher photon energy to be
recovered. However, the responsible mechanism may be related
to electron changes between higher photon energy and
molecular structure of glycated bio-molecule. We have reported
a similar conclusion in an in-vitro study that the activity of
pure catalase is elevated more efficiently by shorter
wavelengths (1=450 nm) than longer wavelengths (A=808nm)
[24]. Also, we have observed in intravenous laser irradiation
that the most effective wavelength in increasing the activity of
LCAT, PONI1, and Catalase is in shorter wavelengths such as
blue laser ranges [37].

As can be seen in Figures 1 to 3, by increasing the time
of radiation, it is indicated that we are getting close to the
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maximum of its effect. Therefore, we can conclude that we
have chosen the proper laser power and time of radiation.
On the other hand, from figure 4 we conclude that laser
therapy has the most effect on lowering the ox-LDL level
by about 70% and the least effect on lowering AOPP level
by about 10% relative to the diabetic control group.

Fromour data, the laser effect appears more strongly after 24
hours of laser therapy compared to 6 hours after. Immediately
after laser irradiation, no effect was obtained and also 2 hours
after laser therapy the effect was not much to be reported in
this article.

Table 1 shows that oxidant parameters including AGEs,
AOPP and ox-LDL due to third (affected by IR irradiation),
fourth (affected by red irradiation) and sixth (affected by
blue irradiation) groups have been decreased after
irradiation and it is neared to the measurements of the
non-diabetic group. However, the approach of related
changes of blue irradiation to the non- diabetic group was
more than the other ones.

We supposed the non-diabetic group as a normal or natural
group. Then, we observed that the measure of the 6th group
(Blue group) had been neared to non-diabetic or normal
group more than other groups. This means that the result of
Blue irradiation was closer to the natural level than other
groups.

6. Conclusions

In all of our reported data, a decrease in the oxidant level is
shown by increasing the time of laser irradiation, so we
conclude that irradiation has a positive effect while it has not
overdosed.

Moreover, with constant laser irradiation energy, blue laser
has the most effect on the reduction of oxidants level and IR
laser has the least effect.

Among studied oxidant parameters, the ox-LDL level is
reduced the most by LLLT, in diseases such as diabetes or
hyperlipidemia that the level of ox-LDL is high, intravenous
blue laser therapy can be an excellent treatment.

In conclusion, our experimental data shows that the blue
laser with wavelength 450nm has the maximum effect on
reducing the level of oxidant factors (AGE, AOPP, and
ox-LDL).

This study shows that LLLT can reduce the levels of the
oxidants parameters in diabetic rats. This is evidence of the
potential of LLLT in reducing the use of pharmaceutical drugs
and their side effects and may lead to laser therapy becoming
more prominent for treating diabetes.

In some articles, IR and red Lasers are introduced as good
candidates for LLLT.

In these cases, the therapy is performed through the skin.
For example, for radiating rats’ liver. Their results are because
of the good penetration depth of longer wavelengths in
biological tissue. While in our case Laser Irradiation is
performed Intravenously, therefore penetration depth doesn't
come into account.
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