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Abstract
Introduction. Authors of numerous publications have proved the therapeutic effect of laser irradiation on biological 
material, but the mechanisms at cellular and subcellular level are not yet well understood.�  
Objective. The aim of this study was to assess the effect of laser radiation emitted by the MLS M1 system (Multiwave Locked 
System) at two wavelengths (808 nm continuous and 905 nm pulsed) on the stability and fluidity of liposomes with a lipid 
composition similar to that of human erythrocyte membrane or made of phosphatidylocholine.�  
Materials and method. Liposomes were exposed to low-energy laser radiation at surface densities 195 mW/cm2 (frequency 
1,000 Hz) and 230 mW/cm2 (frequency 2,000 Hz). Different doses of radiation energy in the range 0–15 J were applied. The 
surface energy density was within the range 0.46 – 4.9 J/cm2.�  
Results. The fluidity and stability of liposomes subjected to such irradiation changed depending on the parameters of 
radiation used.�  
Conclusions. Since MLS M1 laser radiation, depending on the parameters used, affects fluidity and stability of liposomes with 
the lipid content similar to erythrocyte membrane, it may also cause structural and functional changes in cell membranes.
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INTRODUCTION

Despite years of controversy about the efficacy of low level laser 
therapy (LLLT), it is becoming increasingly well-established 
as a physical therapy method. Numerous publications 
describe the analgesic, anti-inflammatory and biomodulating 
effects of laser radiation [1]. The effects of the biostimulating 
action include changes of cell metabolism, such as increased 
ATP synthesis, increased synthesis of proteins, DNA and 
RNA, acceleration of cell division, increased enzyme activity, 
increased number of mitochondria and enhanced membrane 
potential. A significant effect of stimulation includes increases 
in the activity and number of T lymphocytes, which influence 
regeneration processes by releasing growth factors locally 
[2–7]. In classical low-energy laser therapy, a specific laser 
radiation wavelength is applied continuously or in pulses. At 
the beginning of the 21st century the potential concurrent 
application of synchronised dual wavelengths – Multiwave 
Locked System (MLS) and HILT high-energy radiation – was 
proposed [8,9]. MLS allows two different wavelengths to be 
applied simultaneously: l1 = 808 nm in continuous emission 
and l2 = 905  nm in pulsed emission. MLS provides laser 
therapy from two sources and, regardless of the operation 
of the laser diode (continuous or pulse), the energy dose 
is applied simultaneously, enabling the energy from both 
sources of laser radiation to be distributed uniformly over 
the irradiated surface. However, available studies do not 
provide sufficient evidence to confirm whether MLS has 
higher therapeutic value than traditional laser therapy.

OBJECTIVE

The aim of this study was to evaluate the effect of MLS laser 
irradiation on cell membrane structure and function by 
assessing its effect on the fluidity and stability of liposomes.

MATERIALS AND METHODS

The liposomes were composed of phosphatidylcholine (PC) 
or had a lipid composition similar to that of erythrocyte 
membranes: cholesterol (CH), phosphatidylcholine (PC), 
sphingomyelin (SM), phosphatidylethanolamine (PE), 
phosphatidylserine (PS). They were irradiated using the 
MLS M1 system (l1 = continuous emission at 808 nm and 
l2 = pulsed emission at 905 nm) with surface energy density 
0.46 – 4.9 J/cm2. Power densities at the emission of the pulse 
wave at 1,000 Hz or 2,000 Hz were 195 and 230 mW/cm2, 
respectively. The doses of laser energy were 0, 1.5, 3, 6, 9, 
12 and 15 J.

Changes in liposome fluidity under the influence of laser 
irradiation determined using fluorescence spectroscopy. 
In order to obtain 1 ml of liposomes, 189 μl of 20mg/ml 
lipid solution (PC) in chloroform was used. Ten microlitres 
of a 1 mM solution of a fluorescent label (TMA – DPH in 
methanol or DPH in THF) was added and the mixture placed 
in an evaporator (KNF Neuberger Laboport, USA). In order 
to obtain a uniform film of lipids on the bottom of the flask, 
it was continuously rotated. The film was dried at 25 °C for 
90 minutes. One millilitre of PBS was then added to the flask 
and incubated in a water bath at 40 °C for 15 minutes to obtain 
a uniform suspension of lipids in buffer. This suspension was 
extruded (Extruder Avanti Polar Lipids, USA). A forming 
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