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Background and Objectives
This study aimed at examining the effects of photobiomodulation therapy
(PBMT) on glucose, cholesterol, triglycerides, and low- and high-density
lipoprotein (LDL and HDL, respectively) levels in vitro.
Materials and Methods
A total of 38 serum samples collected in plain (n=10) and heparinized
tubes (n=28) were subjected to PBMT at 60 Joules (J)/cm2 for 2 min at
810 nm. The glucose and lipid profiles, cholesterol, triglycerides, LDL,
and HDL of each sample was measured before and after PBMT.
Results
A statistically significant increase in glucose levels was observed in the
PBMT-sera in 8 out of 10 samples in plain tubes. However, only two
samples that were prepared in heparinized tubes showed an increase in
glucose levels. The remaining heparinized samples that were exposed to
PBMT presented lower glucose values. The treated sera exhibited a
fluctuation in the lipid profiles after PBMT. However, high cholesterol
levels were evident following PBMT. Similar trends with HDL and LDL in
heparinized tubes were evident.
Conclusion
Together, the findings suggest that photobiomodulation exhibits an effect
on glycemic and lipid profiles in vitro. Hence, the use of low-level laser
therapy could have therapeutic potential. However, the differences
between individual responses appear to indicate that the impact of PBMT
may not always be beneficial.
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In the late 1980s, the biological impact of photo-biomodulation therapy (PBMT) was controversial.1 This field
of research has made obvious progress in recent years.
For example, the influence of low-power laser illumination on coronary vessels was used as a potential therapy
to prevent restenosis.2 In addition, intravascular irradiation with low-energy laser during percutaneous coronary intervention causes a decrease in the magnitude of
restenosis and may modulate the inflammatory process
in vascular walls.3 Therefore, PBMT may be applied in
routine clinical practices. Although PBMT has been considered as a safe therapeutic option,4 reports of its effects
on serum profiles are limited.
Previous studies on PBMT and light-emitting diode
(LED) therapy have helped improved our understanding
of the underlying mechanisms of PBMT in biological systems.5,6 For instance, the main characteristics of photobiomodulation or photo-biostimulation include induction
and stimulation of cellular processes. While the specific
mechanisms underlying the biological effects of PBMT
on cells and tissues remain vague, the response usually
exhibits a biphasic dose-response profile.7 Moreover, the
effect of PBMT on endothelial function and biological molecules have been documented8-10 and have been shown
to have proven effects on the lipid composition of cellular
membranes11 and platelet responses to agonists12 In
animal models, application of PBMT to bone marrow has
been demonstrated to improve angiogenesis and heart
function in pigs.13
The influence of PBMT on genetic and phenotypic levels
is sometimes minimal. A previous study demonstrated no
significant alteration in the osteocalcin protein although
the time at which the genes are expressed occurred at
an earlier phase.14 Low-energy laser irradiation caused
an increase in nitric oxide (NO) production in some in vivo
and in vitro experimental models. Nevertheless, the exact
mechanism of this phenomenon is still unknown.15,16 In
relation to hematological effects, a study reported the
effects of low-level laser on reducing whole blood viscosity.17 This effect suggests that biological processes are
also changed during this process.
Most photo-biomodulation research on diabetes concerned mainly wound healing, and only basic research
was done few decades ago about the use of laser as a
treatment to diabetes.18-21 Although using a laser for this
purpose is surely an application with promising results,
information regarding the biochemical effects on clinical
samples is still lacking. Hence, the aim of this study was

to explore the impact of PBMT on serum glucose, triglyceride, cholesterol, and low- and high-density lipoproteins
(LDL and HDL, respectively) from selected healthy volunteers.

MATERIALS AND METHODS
Sample collection

Blood samples from healthy donors at the Maternity
and Children Hospital, Asir Region, Saudi Arabia, who
consented to donate blood were chosen for this study.
Approximately 5 ml of blood was collected in plain and
heparinized tubes. Glucose and lipid profiles from ten
samples in plain tubes that were measured. Twenty-eight
samples in heparinized tubes were collected on different days; out of these, 12 samples were used for glucose
measurements and 16 samples for lipid profile assays.
Samples were kept at room temperature for 1 h and then
centrifuged for 5 min at 3500 rpm to obtain sera. Each
sample was separated into two aliquots: (1) without exposure (control samples) and (2) PBMT samples. Serum
samples were processed on the same day. We attempted
to reduce the time variation during biochemical profile
measurement of the two aliquots.

Ethics

This study was conducted after receiving ethical approval from the Ethics Committee of the Scientific
Research, King Khalid University (approval number:
ECM#2019-103).

Laboratory measurements

Following serum separation, the test samples were
prepared for laser irradiation. To prevent manual positioning error during the laser irradiation, a mechanically
adjustable holder for holding the laser probe and maintaining the exact distance was arranged. The laser probe
was arranged exactly 90 degrees perpendicular to the
sample. For this experiment, we used class 4 Levelaser
M1000 Plus (SIMED, Milan, Italy) machine with specifications of 810 nm wavelength and power generation
capability of 1 W at a frequency of 999 Hz.22 The machine
was set for 60 Joules (J)/cm2 for 2 min, and the distance
of irradiation was 2 in Table 1. During irradiation, proper
precautions, such as wearing gloves and laser safety
glasses, were taken. After irradiation, the sample was
kept in a separate tray and immediately sent for analysis.
Glucose, triglyceride, cholesterol, HDL, and LDL tests
were conducted. Every sample was run using the Dimension EXL 200 Integrated Chemistry System (Siemens,
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Munich, Germany) to perform photometric assays for the
quantification of glucose and lipids.

Statistical analysis

The data are expressed as mean ±standard deviation.
All statistical analyses were performed using GraphPad
Software, version 8 (2020) (GraphPad Prism, San Diego,
CA, USA). A paired t-test was used to calculate the significance of the difference between the control and test
patients’ samples. A p value of < 0.05 was considered statistically significant (*p < 0.05; **p < 0.01; ***p < 0.001).

RESULTS
Preliminary results using plain tubes showed that the
biochemistry profile measurements varied between treated and untreated samples and although the differences
were not great, further consideration of the differences
was worthwhile. Few samples were firstly processed for
the determination of cholesterol and triglycerides before
and after PBMT. We then increased the sample size to
investigate the differences between the laser-treated and
the untreated control samples using the paired t-test. A
Treated
Control

Table 1. Laser therapy parameters used

Number and frequency of treatment sessions
Total radiant energy over entire
treatment course (J)

Level Medical
Levelaser M1000 Plus
2013
1 Laser emitter
810 nm
999 Hz
1 cm2
1000 mW/cm2
1000 mW/cm2
120 sec
60 J/cm2
60 J
1
1 cm2
Contact less point
application
1 session
60 J

CW, continuous wave.

A

Treated
Control

*p = 0.0157

9

**p = 0.0055
ns
**p = 0.0027

7
6

*p = 0.0288

5

*p = 0.0172

4

*p = 0.0427

3

*p = 0.0267
ns

2

*p = 0.0185

1
0
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3

ns
ns
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Fig. 2. Cholesterol and triglycerides concentrations before and after PBMT in plain tubes using. Error bars represent ± SD of the means (n=3).
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Fig. 1. Glucose concentration before and after PBMT in plain tubes.
Comparisons were made using paired t-test. Error bars represent ±
standard deviation (SD) of the means (n=3).
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Manufacturer
Model identifier
Year produced
Number & type of emitters (laser or LED)
Wavelength and bandwidth (nm)
Pulse mode (CW or Hz, duty cycle)
Beam spot size at target (cm2)
Irradiance at target (mW/cm2)
If pulsed, peak irradiance (mW/cm2)
Exposure duration (sec)
Radiant exposure (J/cm2)
Radiant energy (J)
Number of points irradiated
Area irradiated (cm2)
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Glucose (heparinized)

We tested glucose (Fig. 1) and lipid profile (Fig. 2) using plain tubes. The tests were repeated using heparinized tubes (Figs. 3 and 4). Glucose concentration in the
serum samples was measured in samples with and
without PBMT. Two plain tube samples out of 10 showed
no significant difference in glucose concentration (Fig. 1).
We then repeated the experiment on a different day with
new samples using heparinized tubes to prevent glucose
utilization and provide reliable data by comparing the two
types of collection tubes. With these independent tests,
we found that PBMT caused significant reduction in the
concentration of glucose in four samples using heparin
tubes (Fig. 3). Two out of 12 glucose samples that were
separated in heparin tubes showed an increased concen-

mg/dL

Effect on glucose concentration

300
275
250
225
200
175
150
125
100
75
50
25
0

Control
Treated

*
ns

*

**

ns

1

**

ns

**

2

3

4

5

6

7

8

9

**

10 11 12

Sample number

Fig. 3. Glucose concentrations in heparinized tubes. Error bars
represent ± SD of the means (n=3).
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Fig. 4. Concentration of lipid profiles in heparinized tubes. Error bars represent ± SD of the means (n=3).
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fluctuation was found after measuring 38 samples that
underwent the same biochemical profile measurement.

tration following laser therapy.

Effects on lipid profile

Lipid profiles showed an increase in levels in most of
the plain tube samples (Figs. 2 and 4). Interestingly, and
unlike glucose, cholesterol levels increased in most plain
tube samples following PBMT, but varied levels were
observed when samples in heparinized tubes were measured after PBMT exposure. HDL and LDL were included
in this study to investigate the behavior of different lipemic
profiles due to low-level irradiation. The same trend was
found for HDL and LDL in which both presented an upand-down scenario after undergoing PBMT. This finding, along with the results of the glucose test, provide
evidence that patients and the biological contents of the
samples are determinants of PBMT effects whether by
causing an increase or decrease in the biological molecule in question.
Many results matched those generated using heparinized tubes (Fig. 4). However, a fluctuation in triglyceride
levels was noted when the test was independently repeated in heparin tubes using new samples (Fig. 4B). It is
worth mentioning that PBMT did not have any effects on
some serum samples. For example, eight out of 22 glucose tests did not show significant differences between
PBMT-treated and non-treated. The same finding was
obtained in 15 out of 24 triglyceride tests, 14 out of 26
cholesterol tests, 11 out of 16 HDL tests, and eight out of
16 LDL tests. Generally, there were 56 tests out of 104 different biochemical tests were shown not to be affected by
PBMT.

DISCUSSION
In this in vitro study, the effect of PBMT on serum biochemical profiles was investigated using serum samples
from healthy volunteers and then repeated with independent samples. PBMT did not alter the biochemical
molecules in many tested samples. This finding might be
interpreted as a safe application, but it should be noted
that the effects of this application depend on the patient.
All three scenarios have been observed: (1) high, (2) low
and (3) no effect. A statistically significant variation was
observed in relation to the effect of PBMT on some serum
profiles.
Established evidence of the effect of LED therapy on
glucose levels exists,23 suggesting a significant impact of
electromagnetic waves on biologic materials. In our study,
low-energy irradiation was used to investigate similar effects on both glucose and lipid profiles. A fluctuation was
176
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found in a few biochemical profiles, for example, the effects can cause either an increase or decrease in concentrations of the biochemical substance being tested before
and after PBMT, suggesting a different mechanistic effect
or due to some variations between samples.
Since a reduction in glucose concentration was noticed
after PBMT, comparing the results with results from previously done studies is crucial. The detrimental effect of
hyperglycemia on the concentration of cellular adhesion
molecules caused by laser irradiation and inflammation
reduction after decreasing the soluble fractions of these
molecules was previously reported.24 In an in vivo study,
low-power laser irradiation was shown to decrease hyperglycemia in streptozotocin-induced diabetic rats.25
Our findings suggest that in many cases, glucose levels
decreased following laser irradiation. In relation to lipid
profiles, studies regarding the effect of PBMT on reducing
serum lipid levels have also been reported.4 A research
group reported a positive impact of PBMT on overweight
individuals after six weeks of laser treatment when tested
twice weekly.26 In rats, PBMT was shown to cause a
reduction in triglyceride levels,27 suggesting a different
mechanism of action than in the in vitro model that was
generated in some, but not all, samples subject to triglyceride testing. However, some results regarding triglyceride levels were consistent with the results by Aquino et
al27 (Fig. 2B, sample 1 and Fig. 4) in which PBMT caused a
significant reduction in triglyceride.
Although eight out 16 samples of LDL samples showed
no differences between groups, the remaining samples
were found to be statistically significant with varying
tendencies, suggesting an effect of PBMT on lipids by a
mechanism that is yet to be elucidated. Similar varied
readings were found with HDL. Moreover, cholesterol
levels were higher in treated compared to untreated
samples. Eleven cholesterol results out of 26 were significant. All significant differences that were observed in plain
tubes showed elevated levels of cholesterol compared to
the control samples. Heparin tubes showed three significant results with an increase in cholesterol levels out of
four that matched the results of plain tubes. The observation that the biochemical substances decrease upon
exposure to low-level laser can be logically interpreted as
being due to an increase in energy power associated with
the laser and its potential impact on these substances. It
is difficult to suggest an explanation for their increases after laser exposure. This finding remains for future studies
to solve it.
Furthermore, this study has several limitations. First,
the research was limited by the small sample size. Sec-
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CONCLUSION
It can be concluded that PBMT at medium power has
a tendency to lead to a reduction in biochemical profiles
than to increase it. Collectively, the results suggest that
low-level laser irradiation or photo-biomodulation therapy
exhibits an effect on the glucose and lipid levels, but not
in all exposed samples. Additionally, therapeutic potential
of using low-level laser was found. However, the impact
of laser therapy may not always be beneficial. Compelling
evidence from these findings require further studies. Future work can include comprehensive molecular analysis.
Having in vitro results regarding photo-biomodulation effects on the glycemic and lipid profiles would help to build
cumulative data for future analysis.
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