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A B S T R A C T

The present pilot study had the objective to determine the effects of transcutaneous and transmucosal laser
irradiation on arterial blood pressure (ABP), glucose (Glu) triglycerides (Tg), total cholesterol (Ch), high-density
level cholesterol (HDL) and low-density cholesterol (LDL) immediately after treatment (T0) and after 30 (T30)
and 60 (T60) days. Patients (n ¼ 36) were selected and randomly distributed into 6 groups (n ¼ 6/group; [G1]
negative control, [G2] radial artery transcutaneous laser irradiation [G3] radial artery transcutaneous irradiation,
[G4] transmucosal sublingual irradiation, [G5] transmucosal intra-nasal irradiation and [G6] extended radial
artery transcutaneous irradiation). Blood exams were performed at T0, T30 and T60. Systolic and diastolic
pressure results have indicated that patients' pressures ranged from 90 mmHg (P22, T30, G4) to 189 mmHg (P16,
T0, G3) and 54 mmHg (P21, T60, G4) to 175 mmHg (P16, T30, G3). Levels of Glu at T30 and T60 varied from
5.53% (G1) to -5.78% (G6) and 1.21 (G2) to -8.69 (G6), respectively. Data was statistically assessed for normality
and homogeneity of variances using the F-statistic and Bartlett's tests. Significant differences were determined
using One-Way ANOVA and Fischer post hoc tests. Results indicated that treatments investigated can be safely
used as an adjunct method to regulate blood pressure, glucose, triglycerides and cholesterol.
1. Introduction

The classical signs of inflammation are redness, heat, swelling, pain
and loss of function [1]. Tissue and organ inflammation may be caused by
a broad variety of etiological factors including injury, effects of chemicals
or radiation, diseases, pathogenic microorganisms or chronic conditions
(rheumatoid arthritis, plaque psoriasis and Chron's disease). Mainstream
drugs (such as antibiotics, anti-inflammatories and opioids) have been
used to treat inflammatory processes originated from a variety of sources.
However, despite their widespread use and clinical acceptance [2], their
long-term utilization is commonly associated with adverse side effects
that include changes in salivary flow and saliva composition [3, 4],
gastric ulceration, increased bleeding, nephrotoxicity, retention of so-
dium, development of drug-resistant bacterial strains [5] and drug abuse
(heroin in particular) [6, 7].
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Mortality rates associated with multidrug-resistant bacterial in-
fections are currently very high. In 2009, twenty-five thousand patients
in the European Union and more than 63,000 patients in the U.S. have
lost their lives [2] due to hospital-acquired bacterial infections [8]. A
study [9] investigating the correlation between xerostomia and medi-
cations in a long-term cross-sectional study, demonstrated that opioid
(Vicodin® and Percocet®) abusers typically display diminished salivary
flow, poor oral hygiene and increased sugar consumption [10] The
combination of the factors cited results in the development of gross
dental decay and other systemic conditions (e.g., insulin resistance and
diabetes) [11] Therefore, the development of devices and techniques
capable of effectively treating inflammation without the utilization of
drugs is urgently needed.

One possible approach to overcome this problem is the utilization of
intravenous laser irradiation of blood (ILIB). This technique was firstly
May 2021
rticle under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

mailto:fernando-esteban-florez@ouhsc.edu
http://crossmark.crossref.org/dialog/?doi=10.1016/j.heliyon.2021.e07110&domain=pdf
www.sciencedirect.com/science/journal/24058440
http://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2021.e07110
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.heliyon.2021.e07110


R.F.Z. Lizarelli et al. Heliyon 7 (2021) e07110
reported by Meshalkin and Sergiewski [12]. Since then, several reports
have described the positive effects of ILIB in cardiology-related areas
(wound healing and angiology) [13]. According to these studies, ILIB has
an outstanding ability to reduce the infarction area by increasing local
microcirculation (neoangiogenesis). In fact, Stroev et al. [13] while
investigating the treatment of angiopathies by endovascular
low-intensity laser irradiation, have indicated that ILIB decreased
thrombocyte aggregation levels, improved erythrocyte deformability,
increased oxygen supply [14, 15], and upregulated the proliferation of
lymphocytes and subpopulations of cells (B and T, in particular) [16, 17,
18], which in turn, further demonstrates ILIB's capability to improve
blood's rheological properties [19, 20]. According to Gasparyan and
Makela [19], laser irradiation of blood can be performed by direct or
indirect approaches, wherein the former requires the immediate contact
of light with blood (invasive technique), and the latter is performed in a
minimally invasive fashion through the skin [19, 21, 22].

In the invasive technique, blood and its components (e.g., plasma, red
cells, white cells and platelets) are directly exposed [23] to laser irradi-
ation. Wirz-Ridolfi [24] while comparing intravenous laser blood irra-
diation with transcutaneous and transmucous techniques (sublingual),
indicated that photons are typically absorbed at the mitochondrial cell
wall and are capable to improve, in a wavelength-dependent manner
[25], the citrate cycle within the respiratory chain of eukaryotic cells.
The upregulation of these biochemical reactions result in immediate
energy production increases, and patients displaying higher stamina.
Despite these promising aspects, legal (license-related) and anatomical
limitations (obese patients), local-risks (hemorrhage and infection) and
patients’ personal preferences have limited the widespread utilization of
invasive techniques. Minimally invasive techniques have completely
overcome problems cited and are not limited anatomical characteristics
or license-related regulations, and allow for a pleasant and anxiety-free
treatment experience for patients. One possible drawback of minimally
invasive techniques, is related to non-linear interactions (e.g., scattering,
absorption and transmission) that take place once the laser beam in-
teracts with different types of cells and tissues.

In these situations, the laser beam loses some of its characteristic
properties (e.g., intensity, coherency and collimation) [26] before light
can reach veins, arteries and capillaries [19]. Tiina Karu [27] while
reviewing the cellular mechanisms of action of low-power laser therapy,
indicated that coherency and collimation are not important for the
attainment of positive clinical effects. Osipov et al. [28] indicated [29,
30], that cytochrome c oxidase is the main target of laser radiation
techniques, because such molecule is the major responsible for
photo-modulated biological responses. Other studies have shown that
wavelengths within the red spectra are capable to alter the redox po-
tential of exposed cells, thereby promoting subsequent chemical and
enzymatic reactions, dissociation of internal cellular components and the
release of nitric oxide (NO) [27]. Based on the context presented, the
objective of the present pilot study in women was to determine the
positive effects of low-intensity transcutaneous or transmucosal laser
irradiation on the arterial blood pressure, and on blood-related bio-
markers such as glucose, triglycerides and cholesterol (total, high-density
and low-density) after 30 and 60 days of laser irradiation.

2. Materials and methods

2.1. Internal Review Board (IRB)

The present pilot study was reviewed and approved by the Internal
Review Board of the University of S~ao Paulo College of Dentistry at
Ribeir~ao Preto (protocol # 45390715.2.0000.5419). The present cohort
pilot study has been registered at the Brazilian Registry of Clinical Trials
(ReBEC; registration # RBR-8vny3v, 05/21/2020) which is a publicly
accessible primary register and an integral member of the World Health
Organization international Clinical Trial Registry Platform. The present
study followed the ethical principles for medical research involving
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human subjects established by the Declaration of Helsinki of 1975, and as
revised by the World Medical Association in 2013 [31].

2.2. Inclusion and exclusion criteria

A total of 50 patients from the city of Ribeir~ao Preto (S~ao Paulo State,
Brazil) were subjected to clinical examination to determine their
participation eligibility. The inclusion criteria were: females, ages be-
tween 35 and 55 with no history of systemic (hypertension and diabetes)
or heart diseases. The exclusion criteria included the presence of un-
controlled systemic diseases, breast feeding, pregnant women and pa-
tients with oral tumors and/or temporomandibular joint disorder. The
rationale for the inclusion criteria selected is based on the fact that
women within 35 and 55 years typically display stronger variations on
blood biomarkers investigated.

2.3. Experimental groups and conditions

Triaged volunteers (n ¼ 36) were informed regarding the risks and
benefits of the proposed laser irradiation therapy. Questions and doubts
related to the laser irradiation protocols and treatment outcomes were
fully addressed before patients signed an informed consent for their
participation. Selected patients were then randomly distributed into 6
experimental groups (n ¼ 6/group) as described in Table 1 and, as fol-
lows: (G1) negative control, (G2) radial artery transcutaneous laser
irradiation (660 nm, 1 diode, 100mW), (G3) radial artery transcutaneous
irradiation (660 nm, 2 diodes, 50 mW/each), (G4) transmucosal sub-
lingual irradiation (660 nm, 1 diode, 100 mW), (G5) transmucosal intra-
nasal irradiation (660 nm, 1 diode, 100 mW) and (G6) extended radial
artery transcutaneous irradiation (660 nm, 1 diode, 100 mW). It is
important to note that the sample size used in the present pilot study
served the purpose to determine the statistical power of data reported
and to substantiate the execution of a subsequent large-scale clinical trial
study considering longer periods of time.

2.4. Irradiation devices and dosimetry

A commercially available pen-shaped dual-wavelength low intensity
level laser (Laser Duo, MMO, Brazil; 660 nm and 808 nm, 100 mW/each,
spot size ¼ 0.03 cm2) and a prototype bracelet-shaped single-wavelength
low intensity level laser (660 nm, 100 mW, spot size ¼ 4.0 cm2; LAT, S~ao
Carlos Physics Institute) were used in the present study. Patients from the
control group (G1) did not receive any type of laser therapy. Patients in
experimental groups G2-G5 were subjected to laser treatment (30 min,
180 J; 2x/week, total of 4 weeks). Patients in experimental group G6
were subjected to an extended treatment with laser irradiation that was
composed of two irradiation cycles (10 consecutive days/cycle [30 min,
180 J daily]) spaced 20 days apart. Patients from all groups were
examined with a thermographic system (Fluke Ti20, Fluke Co, U.S.A.)
before and after irradiation with laser to qualitatively observe photo-
induced temperature variations at treated areas. It is important to note,
that even though a dual-wavelength system was used in the present
study, the equipment was set to emit only 660 nm to allow for intragroup
comparison of results.

2.5. Assessment of arterial blood pressure and blood biomarkers

Arterial blood pressure (ABP) was determined using the auscultatory
method along with a digital sphygmomanometer (Elite HEM 7130BR,
Omron, S~ao Paulo, Brazil) [32]. Measurements of ABP were conducted
immediately before or after laser irradiation (at 30 and 60 days; either
transcutaneous of transmucosal). Patients were subjected to three blood
exams performed at a professional laboratory (Laborat�orio Dr. Coutinho,
Sabin Medicina Diagn�ostica, Ribeirao Preto, Sao Paulo, Brazil) immedi-
ately before (T0), after 30 days (T30) and after 60 days (T60) of laser



Table 1. Experimental conditions in terms of treatment time, delivery mode, wavelength and dosimetry.

Groups Patients Treatment Delivery Mode λ (nm) Dosimetry

G1 (control) n ¼ 6 - - - -

G2 n ¼ 6 Twice a week, for 8 weeks (16 irradiations). Transcutaneous 660 1 diode laser with 100 mW, during 30 minutes in contact mode and CW

G3 n ¼ 6 Twice a week, for 8 weeks (16 irradiations). Transcutaneous 660 2 diode laser with 50mW, during 30 minutes in contact mode and CW

G4 n ¼ 6 Twice a week, for 8 weeks (16 irradiations). Transmucosal (sublingual) 660 1 diode laser with 100 mW, during 30 minutes in contact mode and CW

G5 n ¼ 6 Twice a week, for 8 weeks (16 irradiations). Transmucosal (intra-nasal) 660 1 diode laser with 100 mW, during 30 minutes in contact mode and CW

G6 n ¼ 6 10 daily irradiations, 20 days interval followed
by 10 daily irradiations.

Transcutaneous 660 1 diode laser with 100mW, during 30 minutes in contact mode and CW
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irradiation to determine photo-induced biomodulation of glucose, tri-
glycerides and cholesterol (total, high-density and low-density).
Figure 2. (A) Transmucosal sublingual irradiation and (B) transmucosal intra-
nasal irradiation using pen-shaped dual-wavelength low intensity level laser
(Laser Duo, MMO, Brazil; 660 nm and 808 nm, 100 mW/each, spot size ¼
0.03 cm2).
2.6. Statistical analysis

Data obtained was assessed for normality and homogeneity of vari-
ances using the F-statistic and Bartlett's tests, respectively. Since data was
normally distributed and variance among groups was not equal, statis-
tical significant differences were determined using One-Way ANOVA and
Fischer post hoc tests. Statistical analyses were performed using Origin-
Lab 8 (Origin Corporation, U.S.A.).

3. Results

Figure 1 (A and B) illustrates transcutaneous irradiation using either a
commercially available (1A) or prototype (1B) laser device. Figure 2 (A
and B) illustrates sublingual transmucosal (2A) or intranasal (2B) irra-
diation. Figure 3 illustrates the temporal evolution (T0, T30 and T60) of
systolic (3A) and diastolic (3B) blood pressures for patients (P, #1–36)
pertaining to experimental groups G1-G6. Results obtained have indi-
cated that patients' systolic and diastolic blood pressures were distributed
within a range of values that varied from 90mmHg (P22, T30, G4) to 189
mmHg (P16, T0, G3) and 54 mmHg (P21, T60, G4) to 175 mmHg (P16,
T30, G3), respectively. It is also possible to observe that P16 (G3) dis-
played the highest systolic (T0, T30 and T60) and diastolic (T0 and T30)
pressures amongst all patients investigated. Even though P32 was sub-
jected to extended radial artery transcutaneous irradiation, P32's systolic
(132 mmHg and 155 mmHg) and diastolic (90 mmHg and 110 mmHg)
pressures at T30 and T60, respectively, were significantly higher when
compared to P32's systolic and diastolic pressures at T0 (122 mmHg and
85 mmHg), which was a surprising and unexpected result. Figures 4, 5, 6,
7, and 8 demonstrate the average percentage variation (i.e., Δx ¼ Xfinal-
Xinitial) in glucose (ΔGlu), triglycerides (ΔTg), total cholesterol (ΔCh),
high-density level cholesterol (ΔHDL) and low-density cholesterol
(ΔLDL) observed at T30 and T60, respectively. It is possible to observe in
Figure 1. Radial artery transcutaneous irradiation using (A) pen-shaped dual-
wavelength low intensity level laser (Laser Duo, MMO, Brazil; 660 nm and 808
nm, 100 mW/each, spot size ¼ 0.03 cm2) and a prototype bracelet-shaped
single-wavelength low intensity level laser (660 nm, 100 mW, spot size ¼ 4.0
cm2; LAT, S~ao Carlos Physics Institute).
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Figure 4 that average glucose levels at T30 and T60 varied from 5.53%
(G1) to -5.78% (G6), and 1.21 (G2) to -8.69 (G6), respectively. The
lowest percent averages of glucose in circulating blood were observed in
groups G4 and G6 at both T30 and T60 time-points. These findings
suggest that transcutaneous ILIB is capable to promote down-regulation
of glucose levels in blood at both time-points investigated.

Figure 5 shows the ΔTg results in circulating blood at both T30 and
T60 time-points. It is possible to observe at T30 that patients pertaining
to groups G1, G3 and G5 have experienced significant variations in
average triglycerides levels that ranged from -15.34% (G1) to -23.49%
(G3). Despite these promising results, at T60, patients in groups G2-G4
and G6 have experienced positive and significant variations in tri-
glycerides levels in circulating blood that ranged from 12.23% (G3) to
59.18% (G6). Taken together, these findings indicate that independently
of delivery mode (either transcutaneous or transmucosal; single or
extended application) ILIB was not able to display positive effects for
triglycerides levels at T60. Figure 6 demonstrates the ΔCh results at both
T30 and T60, where it is possible to observe that patients pertaining to
groups G2, G5 and G6 have experienced significant reductions in total
cholesterol levels T30. At T60, patients in G2 and G5 continued to
experience lower cholesterol levels when compared to those of T0,
however, the reduction experienced was of a smaller magnitude. Patients
in G6 experienced significant variation in ΔCh results that ranged from
-9.16% (T30) to 6.98% (T60). Figure 7 illustrate the ΔHDL results where
it is possible to observe that patients in G1 experienced the most signif-
icant reductions in HDL levels among all groups investigated indepen-
dently of time-point considered (either T30 or T60). At T60, patient in
groups G2, G3, G5 and G6 displayed significant increases in HDL levels
that varied from 3.15% (G2) to 17.78% (G6). Figure 8 indicates that
patients from G2-G5 have experienced moderate variations in LDL levels
at both T30 and T60 that ranged from -1.96% (G4, T30) to -18.60% (G3,
T30). Patients in group G6 displayed strong variations in LDL levels that
ranged from -18.26% (T30) to 62.15% (T60).

It is important to note that all data reported in the present pilot study
have been normalized to patients’ initial conditions to allow better
observation of outcomes promoted by the laser irradiation protocols
investigated.



Figure 3. Temporal evolution (T0, T30 and T60) of (A) systolic and (B) diastolic blood pressures for patients 1–36.
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4. Discussion

The present study had the objective to investigate the effects (at 30
and 60 days) of ILIB (transcutaneous or transmucosal) on arterial blood
pressure (systolic and diastolic) and on blood-related biomarkers such as
glucose, triglycerides and cholesterol (total, high-density and low-
density). The rationale for the selection of such experimental design
was based on previous scientific evidence [13, 14, 15, 16, 17, 18, 19] that
reported ILIB's capability to improve blood's rheological properties,
improve wound healing and immune system, while modulating
numerous chemical and enzymatic reactions in circulating blood [27].
The ABP (systolic and diastolic) results reported suggested that ILIB has
the potential to biomodulate some hemodynamic variables of concern for
4

hypertensive patients. These findings have been corroborated by Madi
[33] who has demonstrated that intra-nasal transmucosal ILIB irradiation
(808 nm, 100 mW, 120 s, 12 J, spot size ¼ 0.2 cm2) of hypertense
pregnant women (18–49 years old) was able to significantly (p < 0.005)
decrease ABP by reducing the vascular and systemic resistance. Cha-
vantes et al. [34] suggested that decreases in ABP following laser irra-
diation precipitates from an endothelial action that improves blood flow
and reduces peripherical vascular resistance.

Makela [35] suggested that diabetes is not a single disease, but the
result of a combination of pathological metabolic states caused by
inadequate transport and breakdown of glucose. According to the author
ILIB is capable of reducing glucose and cholesterol, and stabilizes hor-
monal and immune system status [35]. The results presented in Figures 4,



Figure 4. Results of the glucose variation (ΔGlu [%]) after thirty (T30) and
sixty days (T60) of treatment.

Figure 5. Results of the triglycerides variation (ΔTg [%]) after thirty (T30) and
sixty days (T60) of treatment.

Figure 6. Results of the total cholesterol variation (ΔCh [%]) after thirty (T30)
and sixty days (T60) of treatment.

Figure 7. Results of the high-density cholesterol variation (ΔHDL [%]) after
thirty (T30) and sixty days (T60) of treatment.

Figure 8. Results of the low-density cholesterol variation (ΔLDL [%]) after
thirty (T30) and sixty days (T60) of treatment.
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5, 6, 7, and 8 illustrate the average percentage variation in glucose
(ΔGlu), triglycerides (ΔTg), total cholesterol (ΔCh), high-density level
cholesterol (ΔHDL) and low-density cholesterol (ΔLDL) observed at T30
and T60, respectively. The ΔGlu results presented in Figure 4 have
clearly indicated that ILIB is capable of biomodulating the quantity of
glucose in circulating blood where glycemic indexes were lower at 30
days. The only exception to this trend was observed for patients in G6
(extended radial artery transcutaneous irradiation), where glycemic in-
dexes at 60 days were lower as compared to glucose levels observed at 30
5

days. These results suggest that extended laser irradiation could be used
as an adjunct therapy to treat patients with diabetes. Khoo et al. [36]
investigated the effect of ILIB on diabetes mellitus using a metabolomics
approach. Results reported [36] have indicated that ILIB was effective in
significantly (p < 0.0018) decreasing blood sugar levels by
photo-biomodulating the pentose phosphate pathway, starch and sucrose
metabolism, thereby corroborating the findings of the present study. The
ΔTg results are presented in Figure 5, where it is possible to observe that
ILIB was more efficient in down-regulating levels of triglycerides in
circulating blood after 30 days, and effects at T60 could not be observed.
These findings are in agreement with a previous report that demon-
strated that 84% of patients treated displayed reductions in total
cholesterol serum levels (-1.00 mg/dL to -32.00 mg/dL; p < 0.01). The
unexpected increase in triglyceride serum levels reported at T60 can be
explained by intrinsic and patient-dependent variations, drastic changes
in dietary habits, and have been previously reported by other research
groups [37].

The results shown in Figures 6, 7, and 8 illustrate the percentage
variation of total cholesterol, HDL and LDL in circulating blood, where it
is possible to observe that ILIB significantly reduced the serum levels of
total cholesterol at both T30 and T60. The ΔCh reported ranged from
6.98% (G6, T60) to -9.33% (G2, T30). In addition to that, it is possible to
observe that ILIB was able to lower the serum levels of LDL (at T30 and
T60) while increasing the serum levels of HDL, and therefore, are in
agreement with previous reports [37]. The present manuscript is the first
instance in dentistry to demonstrate the positive effects of ILIB after 30-
and 60 days in ABP and blood-related biomarkers. Results reported have
clearly indicated that treatments investigated were effective in
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biomodulating the parameters of choice after 30 and 60 days. In addition,
treated patients have indicated significant improvements in physical
performance, mental sharpness, cognitive levels, weight loss and quality
of lives.

Even though healthy patients are constantly being subjected to
several stressor agents that precipitate from normal aging processes, the
improvement observed after transcutaneous ILIB tend to be less pro-
nounced even after extended periods of laser irradiation, therefore, based
on results reported an on our clinical experience, we hypothesize that
patients in a disease-associated condition will display improvements in
parameters investigated that will be more significant than those observed
on healthy patients. We propose that ILIB protocols investigated be used
as coadjutant methods to control blood pressure, glucose and cholesterol
(total, LDL and HDL). Additional studies are made necessary to confirm
the results of the present study and to determine longitudinal effects of
ILIB for longer periods of times, such as months to years.

5. Conclusions and summary

The present study was successful in determining the effects of sys-
temic transcutaneous and or transmucosal laser therapy on the arterial
blood pressure (systolic and diastolic), glucose, triglycerides and
cholesterol (total, LDL and HDL) at 30 and 60 days. Photo-biomodulation
was successfully achieved independently of power intensity, wavelength
or delivery mode (transcutaneous or transmucosal). The results of the
present study indicate that ILIB can be safely used as an adjunct method
to regulate blood pressure (systolic and diastolic), glucose, triglycerides
and cholesterol (total, LDL and HDL). The results of the present study
have clearly demonstrated that, independently of irradiation route
(either transcutaneous or transmucosal), laser therapy with wavelengths
within the visible spectrum (606 nm) are capable to facilitate patients to
achieve homeostasis. In addition to that, patients’ reports regarding their
qualities of lives during the execution of the present study have strongly
suggested that the laser therapy protocols herein proposed are safe and
could be used without any restriction as a coadjutant method to control
concerning systemic conditions. Despite these promising results, the re-
sults of the present study also indicate the need for additional studies (I)
focused on the elucidation of the mechanisms of action by which pho-
tophysical effects are modulating biochemical reactions in humans, and
(II) to determine the longitudinal (6 months–1 year) effects of ILIB.
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