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The influence of low level laser irradiation on vascular reactivity
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A B S T R A C T

Introduction: The mechanism of action of low level laser irradiationon on tissues is unclear. Authors of
publications present the positive clinical impact of low and medium power laser irradiation on vascular
reactivity

© 2017 Medical University of Bialystok. Published by Elsevier Sp. z o.o.. All rights reserved.

Purpose of this study was to analyze the role of vascular
endothelium in laser-induced constricted by endothelin-1 and
phenylephrine.

1. Introduction

Low –level laser irradiation also known as laser biostimulation
have been clinically used for many years. Its application include
wound healing, soft and hard tissue [1–8], treating pain
syndromes, enthesopathy, peripheral nerve injury and peripheral
neuropathy. Many studies also confirmed anti-inflammatory
qualities of low-level laser irradiation (LLLI) [2,6,9]. LLLI modulate
many of biological processes which manifests in an increase of
mitochondrial respiration, an increase in ATP synthesis prolifera-
tion of mesenchymal stem cells and cardiac stem cells [10,11]. The
biological effects of LLLI are still not well understood and stir a lot
of controversy [12].

The influence of light on vascular smooth muscle have been
studied from the early 20th century, when it was established that
light affects its contractibility [13,14]. The studies were continued
by Furchgott in the in the 1950s and 1960s [13]. From the 1980s
there have been reports on the effect LLLI on the action of vascular
smooth muscle. Experimental studies have proven that laser of
power less than 100 mW cause relaxation of smooth muscle of
blood vessels [14–17]. Clinical studies from the 21st century prove

that LLLI may cause photorelaxation of blood vessels including
coronary arteries and may prevent their restenosis after PTCA
[11,18].

The goal of our study is to determine the mechanism in which
LLLI affects vascular smooth muscle reactivity and the role of Nitric
Oxide (NO) in this processes.

2. Material and methods

2.1. Animals

The experiments were performed on isolated, perfused tail
arteries of Wistar rats which were kept under a 12-h light/12-h
dark cycle with food and water available ad libitum. The animals
(n = 37) weighing 250–350 were anesthetized with an intra-
peritoneal injection of urethane (120 mg/kg), stunned and
sacrificed by cervical dislocation. The study protocol was approved
by the Local Ethics Committee and all experiments were carried
out in accordance with the United States NIH guidelines [Guide for
the Care and Use of Laboratory Animals (1985), DHEW Publication
No. (NIH) 85-23: Office of Science and Health Reports, DRR/NIH,
Bethesda, MD, U.S.A.].

2.2. Drugs and solutions

Krebs solution contained NaCl (71.8 mmol/L), KCl (4.7 mmol/L),
CaCl2 (1.7 mmol/L), NaHCO3 (28.4 mmol/L), MgSO4 (2.4 mmol/L),
KH2PO4 (1.2 mmol/L), and glucose (11.1 mmol/L). All reagents were
obtained from Sigma Aldrich Chemical Company (Poznan, Poland).* Corresponding author.
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2.3. Study design and conduction

Following dissection from the surrounding tissues, 2.5 to 3.0 cm
long segments of rat tail arteries were cannulated and connected to
a perfusion device. The distal part was ballasted with a 500 mg
weight and the arteries were put in a 20-mL container filled with
oxygenated Krebs solution at 37 �C. The perfusion pressure was
continuously evaluated. A peristaltic pump was used to gradually
increase perfusion solution flow up to 1 mL/min. The measurement
of vasospasm induced with phenylephrine (an adrenergic alpha- 1
receptor agonist; PHE) and endothelin (agonist of endothelin
receptor A) was based on an increase in perfusion pressure.
Experiments were performed separately on arteries exposed to
laser radiation and control arteries.

The agonists were applied directly to the solution in tissue
perfusion chamber.

The study utilized a semiconductor laser (400 mW, wave
length810 nm), operating in continuous-wave mode.

After achieving maximal vasospasm the arteries were rinsed
and stabilized for a period of 30 min before exposition to laser
irradiation. The arteries were placed on a plate and the laser header
was positioned on a tripod approximately 1 cm from the irradiated
tissue. The irradiation was applied directly on the blood vessels
without utilization of a glass chamber. The laser power was applied
in increasing doses of 10 mW (E = 1,8J), 30 mW (E-5,5J), 110 mW
(E = 19,8J). Time of exposition was 3 min for each irradiation.

2.4. Data analysis and statistical procedures

The van Rossum method was utilized to calculate the
concentration-response curves (CRCs). The points of maximal
response between 20% and 80% of the CRCs were compared and
analysed. The maximal response of tissue (Emax) was calculated as
a percent of the maximal response for PHE. The half maximal
effective concentration (EC50) was estimated using classical
pharmacological methods with pD2, the negative logarithm of
the EC50. The CRC and Emax were used in all the calculations
estimating the statistical significance.

Results were presented as means � standard deviations. We
used the Shapiro-Wilk test to verify normal distribution of the
variables. Statistical analysis was performed using the Newman-
Keuls test for multiple comparison of means. Statistical signifi-
cance was set at P < 0.05 (two sided).

3. Results

Laser irradiation at the power of 10 mW, 30 mW, and 110 mW
reduced the maximum response of arteries stimulated with of an
alpha-adrenergic receptor agonist, phenylephrine sequentially to
88%, 72%, and 52%. Furthermore, we found significant and power-
dependent increase in EC50 value (the concentration of agonist at
which 50% of the maximal effect is reached). EC50 in the presence
of 10 mW, 30 mW and 110 mW laser irradiation was respectively
4.2, 9.5 and 20.3 times higher than in the controls. Relative
potency was reduced in all laser irradiated subsets. The results are
presented in Table 1.

Similar findings were observed during stimulation of endo-
thelin-1. Laser irradiation at the power of 10 mW, 30 mW and
110 mW resulted in maximal response respectively reduced to
94%, 62% and 38%. The response pattern was similar to
phenylephrine. Analysis of EC50 value revealed a significant
and power-dependent reduction. EC50 in the presence of 10 mW,
30 mW and 110 mW laser irradiation was respectively 5.5, 50.7
and 89.4 times higher than in the controls. Relative potency of

endothelin-1 was reduced in all laser irradiated subsets. The
results are presented in Table 2.

Maximal perfusion pressure during phenylephrine as well as
endothelin-1 induced vasospasm was significantly and power-
dependent reduced during laser irradiation. The reduction was
found during contraction resulted from calcium influx from intra
and extracellular calcium stores. The results are presented in
Tables 3 and 4.

In the first stage of the experiment, which reflected calcium
influx from the intra cellular space, the maximal perfusion
pressure achieved with PHE was 57.9 (�7.2). After laser
irradiation, a reduction of pressure was observed to 1 (�3.3);
25.2 (�4.2); 18.2 (�4.7), respectively, to irradiation at the power
of 10 mW; 30 mW oraz 110 mW. The reduction was statistically
significant in relation to the control value and proportional to the
irradiation power.

Similar relationships were observed in the second stage of the
experiment, which reflected calcium influx from the extra cellular
space. The PHE induced maximal perfusion pressure was 93.6
(�7.8), which fell to 78.7 (�6.7); 47.4 (�7.5) and 27.4 (�8.5) after
applying laser irradiation at the power of, respectively, 10 mW;
30 mW and 110 mW. In all the cases, the reduction of pressure
significantly differed from the control value. The results are
shown in Table 3.

Similar relationships were observed after applying endothelin-
1. In the first stage of the experiment, reflecting calcium influx from
the intracellular space, the maximum perfusion pressure achieved
by endothelin 1 was 52.7 (�6.1). After applying laser irradiation at
the power of 10 mW; 30 mW and 110 mW, there was a reduction of
pressure to, respectively, 44.1 (�4.1); 31.8 (�5.1); 20.7 (�5.2). The
pressure reduction was proportional to the laser power. In the
second stage of the experiment, which reflected calcium influx
from the extracellular space, the perfusion pressure was,
respectively, 81.2 (�7.2; 49.1 (�6.3); 33.2 (�6.9). The pressure
reduction was statistically significant in relation to the control
value and proportional to the laser power. The results are shown in
Table 4.

Table 1
EC50, maximal response and relative potency of phenylephrine for controls and in
the presence of laser radiation at the power of 10 mW, 30 mW, 110 mW.

na %Emax
b EC50 [M] pD2 RPc

Controls 20 100 6,88 (�0,42) �10�8 7,16 100%
+L1 (10 mW) 12 88 2,90 (�0,98) �10�7* 6,54 24%
+L2 (30 mW) 10 72 6,12 (�1,06) �10�7* 6,21 11%
+L3 (110 mW) 12 52 1,40 (�1,24) �10�6* 5,89 5%

* p-value < 0.05 calculated in comparison to control values.
a Number of concentration-response curves used for calculations.
b Emax – calculated as a percent of maximal response for controls.
c RP – relative potency – calculated as EC50 for controls/EC50.

Table 2
EC50, maximal response and relative potency of endothelin-1 for controls and in the
presence of laser radiation at the power of 10 mW, 30 mW, 110 mW.

na %Emax
b EC50 [M] pD2 RPc

Controls 20 100 7,51 (�0.78) �10�9 8,12 100%
+L1 (10 mW) 12 94 4,10 (�0.92) �10�8* 7,39 18%
+L2 (30 mW) 11 62 3,80 (�0.75) �10�7* 6,42 2%
+L3 (110 mW) 12 38 6,20 (�0.98) �10�7* 6,21 1%

* p-value <0.05 calculated in comparison to control values.
a Number of concentration-response curves used for calculations.
b Emax – calculated as a percent of maximal response for controls.
c RP – relative potency – calculated as EC50 for controls/EC50.
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