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Abstract. The @am of the present work was to contribute to the understanding o the cell ular
and molecular mechanisms involved in low power long wavelength laser irradiation effects.
Investigating the 830 rm laser light influence on the anisotropy of 1-[(4-trimethyl-amino)phenyl]-6-
phenyl-1,3,5-hexatriene (TMA-DPH) fluorescence, we report low power infrared laser induced
changes in the lipid order parameter in the polar head group regions of human lymphocytes plasma
membrane. Using irradiation doses of therapeutic significance, we point out a sensiti ve dependence
of the observed membrane dfects on the lymphocytes actual metaboli ¢ state.
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INTRODUCTION

Given the aim to promote low power long wavelength laser therapy in the
domain o evidence-based medicine, much scientific progress in this area of
rescarchwas obtained in the last 30 years. Many cdlular and molecular
mechanisms invaved were evidentiated, pointing aut activation of cell metabolism
through respiratory chain as basic primary mechanism of action. In spite of this,
thorough knawvledge of the invdved sigraling pathways is dgill missng,
understandng d light regulation mechanisms of cedl metabolism is dill
fragmentary, and the number of studies disclosing dependence of the epected
desirable dfects on well defined and reproducible irradiation parameters is yet
few. Whenever the goal is promotion d wound hedling, reduction d
inflammation, and/or pain relief, low power laser therapy (LPLT) also named low
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leve laser therapy (LLL T) cortinues to be sucoesqully used [1, 4, 18, 22, 2425 28],
noretheless many shart term and long term effects of irradiation have yet be
thoroughly investigated before LPLT will really become a mainstream medical tod.

The aim of the present work was to cortribute to the ewichment of the
scientific knowledge concerning characteristics and mechanisms invdved in soft
laser irradiation effects at sub cdlular levd.

Dynamic rearrangement of membrane components at the cdl surface and the
changes induced in the membrane physico-chemical properties play essential role
incdlular signaling [16], and in multiple cel membrane alterations invaved in
various human and animal pathdogies [17]. Using human peripheral blood
lymphocytes, and the lipid probe TMA-DPH, sdected to monitor fluidity/lipid
packing density in the polar head group regions of the plasma membrane lipid
bilayer respectively, we report steady-state fluorescence anisotropy data revealing
membrane df ects of the 830nm laser light. Data analysis is focused onrevealingthe
modulation d the observed lipid arder / membrane fluidity changes by the cdls
actual metabolic state.

MATERIALSAND METHODS

MATERIALS

The fluorescent lipid probe 1[4-(trimethylammonium)phenyi]-6-phenyl-
1,3,5-hexatriene (TMA-DPH) was from Molecular Probes, Hepes buffer substance
from Sigma Chemical Co., while all other chemicals were the best research gade
available.

CELLS

Peripheral lymphocytes were prepared from freshly drawn human blood
obtained from healthy vduntegs who hed nd receved any medical treatment
within two weeks before experiment, as previously described [15]. Briefly, the
bloodwas collected in a standard citrate buffer and lymphocytes were separated by
Ficoll-Hypague density gradient centrifugation, washed twice by centrifugation /
re-suspension / centrifugation at 100 g for 5 min, and finally re-suspended in
Hepes buffer HPMI (constituted o 100 mM NaCl, 5.4 mM KCI, 0.4 mM MgCl,,
0.04 CaCl,, 10 mM Hepes, 20 mM glucose, 24 mM NaHCO; and 5 mM Na,HPO,)
at pH 7.4. Cdl population dotained by this technique contained ~70% T cels [17].
Cdl suspensions with viability level assessed by Trypan blue exclusion, higher
than 95% were only used.
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METABOLIC IMPAIRMENT

Metabolic impairment of cedls was obtained by serum starvation at
temperatures below 37 °C. Human peripheral lymphocytes were kept various time
periods (1-48 hours) at room temperature (~25 °C) or at 4 °C, without any
nutritional suppement (serum, amino acids or vitamins) in gducose-containing
Hepes buffers HPMI. We name “fresh” the samples constituted o suspensions of
lymphocytes freshly separated within 90 min after blood dawing, on which the
membrane fluidity determinations were made immediately after cells re-suspension
in the serum-free buffer. Metabolic intactnesgimpairment was appreciated
checking viabili ty and plasma membrane potential.

SAMPLES

Samples were congtituted by continuously stirred, thermostatted human
peripheral lymphocyte suspensions of cell densities of 2x1C cells/ml, prepared in
HPMI buffer.

LABELING OF CELLSWITH FLUORESCENT LIPID PROBES

The 510* M stock solution & TMA-DPH prepared in dmethylformamide,
was kept at —20°C until use within a month. Human lymphocytes were labeled with
TMA-DPH by incubating them in the measuring cuvette with 1.25uM dye at
37°C for 3min at acel density of 2x1C celg/ml.

FLUORESCENCE ANISOTROPY MEASUREMENTS

Steady state fluorescence and anisotropy measurements were carried aut in a
Perkin-Elmer MPF 44B spectrofluorimeter or in a Jobin-Yvon SpectroFluo JY'3
spectrofluorimeter, equipped with thermostatted cdl hdders, stirring devices,
Polaroid HN polarizers and conrected to IBM PC computers using appropriate
data acquisition software: SCOPE and EASYEST, respectively. The ecitation and
emisson wavelengths were sdected 340nm / 425nm. A BG12 filter placed in
front of the «it dit of the sample compartment protected the detector from
dispersed laser light. Steady state fluorescence anisotropy values (r) were obtained
by quasi-simultaneous (within 12 s) measurements of the intensity comporents Iy
and lyy, where VW and VH dsand for vertical/vertica (parald) and
vertical/harizontal (perpendcular) positions of the excitation and emisson polarizers

respectively. A correction factor G = Iﬂ for unequal transmisson by the optical
HH
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edements of the vertically and haizontally polarized intensity components also was
determined and thus the steady-state fluorescence anisotropy values were
calculated every 25 s according to the formula:
r= lvw ~GOyy (1)
Iy +20G0,,

The small auto fluorescence of cdls and the unavoidable scattered light
contribution, determined by measuring unlabded controls under the same
experimental condtions as saaimples, were substracted from each intensity component.

The lipid ader parameter in the polar head goup regions of the plasma
membrane bilayer, S™*P™ were computed as functions of limiting initial r, and
longtime r,_ values of the fluorescence anisotropy:

r TMA-DPH
STMA—DPH - 00 (2)
I’O

where r, = r,4P™M = 0,362 while the limiting longtime fluorescence anisotropy

values r, were approximated using the ampirical curve obtained by van
Blitterswijk et al. [23] as

r, =1.270¢ -0.076 for 0.13<r <0.28 3

r, =1.100[# -0.032 for 0.28<r<0.34 4

where r represents the TMA-DPH fluorescence anisotropies calculated from
measured fluorescence intensities according to the formula (1).

Membrane fluidity was expreseed as a reciprocal of the lipid order
parameter.

Anisotropy, lipid arder parameter and membrane fluidity values and changes
occurred in these parameters under the influence of laser irradiation are presented
as meant S.D. calculated from at least 3 independent measurements.

LASER SOURCE

The radiation source was an AlGalnP/GaAs based semiconductor laser used
inthe medical practice, Sony SLD202-D3, with cortinuous wave output, having
emisgon wavelength of 830 nm, nominal power of 50mW, €liptical beam size
25 mm x 7 mm with speckle area of 17.5 mn?, divergence 5° and polarization
ratio 100:1.
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SAMPLE IRRADIATION

Irradiation d the samples was performed using a dedicated experimental set-
up andor directly in a fluorimeter, both equipped with thermostatting and stirring
facilities. Due to beam divergence of the used laser source, the incident power
dendity values were source-sample distance dependant. At a 2 cm distance from source
the measured incident power density in the speckle area was 3638 mW/cn?. This
resulted in an estimated average incident power density onthe 1 cm? upper surface
of the continuously stirred cell suspension o ~550 W/, which lies in the upper
limit region d intensities typically used in low power long waveength laser
therapy. Moving the source 6 cm away from sample, beam divergence caused
increase in speckle size and in consequence an ~48% loss in the magnitude of
power incident on the sample. In these condtions the estimated average incident
power density on the 1 cm? upper surface of the continuously stirred cell
suspension became ~260 W/nv.

The minimum irradiation time of the continuously stirred cell suspension was
20 s, equal with the time needed to measure all four fluorescence intensities in
order to calculate one fluorescence anisotropy value, according to formula (1).
Withthe laser source placed at the 6 cm distance from sample, the estimated
averageincident energy density per experimental point gathered in presence of
laser radiation, was ~5.2 kJ/m?.

Duration d irradiation — redlized previous to o during steady state
fluorescence anisotropy measurements — varied between 12 — 600s, resulting at a
given power density in energy densities in the range of 3.2— 156 kJ/m?.

RESULTS

At 37°C the positively charged lipid probe, TMA-DPH, reported in the head
group region d the plasma membrane lipid bilayer of human peripheral blood
lymphocytes an average fluorescence anisotropy of 0.28 + 0.01. The correspondng
values of the second rank ader parameter and fluidity of membrane lipids are
0.87+ 0.02 and 1.15 + 0.02 respectively. The values of the same parameters at
25°C are0.30+ 0.02, 0.91+ 0.03and 1.10 + 0.03 respectively.

The positively charged lipid probe, TMA-DPH, is known to localize in the
polar head goup region d the plasma membrane of intact cdls. It reaches
reatively rapidly the inner surface of the plasma membrane of human blood cels
(within 20 min) and it remains localized there for a sufficiently long time [§].
TMA-DPH fluorescence anisotropy measurements performed in the time interval
3-10 min after dye loading always resulted in higher fluorescence anisotropy
values: 0.29 + 0.03 for human peripheral lymphocytes at 37 °C. We considered this
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parameter characteristic for the lipid order in the outer surface region d the
plasmamembrane. Hence we considered that the TMA-DPH fluorescence
anisotropy measurements performed in the time interval 2040 min after dye
loading report on the average lipid packing density proportional to the average
equivalent membrane micro viscosity in the lipid head group region onthe inner
surface of the plasma membrane. In aur hand the fluorescence anisotropy calculated
in these condtions for peripheral bloodlymphocytes at 37°C was 0.26 + 0.02. Thus
the obtained values document higher lipid ader in the human peripheral lymphocytes
plasma membrane outer surface region as compared to the inner surface region.

Under the influence of the 830nm laser irradiation apparently significant
changes occur in the lipid order parameters in both regions of the lymphocytes
plasma membrane (Fig. 1).
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Fig. 1. — TMA-DPH fluorescence anisotropy (r) data, demonstrating apparently significant laser
irradiation effects in human peripheral lymphocytes both in the outer (A) and in the inner surface
polar head group region of plasma membrane (B).

Systematic decrease of anisotropy coefficients during laser irradiation is
apparent in both polar head goup regions of human lymphocytes plasma
membrane. Laser irradiation induced changes reported by the TMA-DPH probe in
the polar head group region d the plasma membrane bilayer, are more substantial in
the inner surface region as compared to the outer surface region (Fig. 1.). Statistical
significances of the observed fluorescence anisotropy diff erences are higher in the
outer surfaceregion d the plasma membrane.

Metabolically impaired cdls with intact plasma membrane (more than 88%
trypan blue ecluding, data nat shown) appear to be more sensitive to laser
irradiation (Fig. 2. — Fig. 4.), as compared to metabolically intact (lessthan 20%
altered membrane potential, higher than 92% viabili ty, data nat shown) controls.

Use of cedl populations homogeneous as concerns the metabolic status and
treatment parameters, allows disclosure of significant differences between the
characteristics of groups exposed to dfferent serum starvation periods. As a
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general rule, the 830nm laser induced late dfects are more substantial and
significant in the outer surface region d lymphocytes plasma membrane as
compared to theinner surface — at least at the time scale covered by us.
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Fig.2. TMA-DPH fluorescence anisotropy (r) data, demonstrating apparently significant laser
irradiation effects in the outer (A) and inner (B) polar headgroup region of human periphera
lymphocytes exposed to previous rum starvation periods of various lengthes (¢ - fresh samples,
measurements made immediately after the transfer of cellsin serum-freebuffer; o, m - cell skept 1h,
respectively 4h at room temperature in serum-free buffer); parameters determined before, during,
immediately after (i), 5’ later (5), and 515 &fter (a) laser irradiation

Furthermore, mild metabolic impairment due to shorter periods of serum
starvation, makes cells more sensitive to infrared laser radiation (Fig. 2), while
serious metabolic impairment due to long period serum starvation (= 24h) causes
lossof cdls sngitivity to laser irradiationin all plasma membrane regions of human

lymphocytes (Fig. 3).
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Fig.3. TMA-DPH fluorescence anisotropy (r) data, ill ustrating yet significant laser induced
changes (A ) and apparent loss of laser irradiation effects (¢) in the outer (A) and inner (B) polar
headgroup region of human peripheral lymphocytes exposed to previous long-term serum starvation
(¢ - fresh samples, measurements made immediately after the transfer of cell s in serum-freebuffer;
A, 0 — cels kept 8h, respectively 24h at room temperature in serum-free buffer); parameters
determined before, during, immediately after (i), 5’ later (5), and 515 after (a) laser irradiation
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Data concerning the correspondng lipid oader parameter and membrane
fluidity changes (Fig. 4.) ill ustrate the same increased sensitivity to laser irradiation
of thelipid head group region d the plasma membrane.

Early €effects are more important in the outer head goup region d
lymphocytes plasma membrane as compared to the inner one. One hour of metabolic
does nat lead to significant changes in the foll owed plasma membrane parameters in
peripheral lymphocytes. In cortrast sensitivity to laser irradiation d these
lymphocytes is higher. After 4h o serum starvation changes in membrane
parameters are already significant and sensitivity to infrared laser irradiation is
addtionally increased.
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Fig.4. Data concerning membrane lipid order (S) and fluidity (f) in the outer (A,C) and inner
(B,D) headgroup region of the plasma membrane lipid bil ayer of peripheral lymphocytes exposed to
various periods (¢ - O, m — 4h, A — 8h, ¢- 24h) of previous srum starvation, demonstrating
metabolic modulation of laser irradiation effects; parameters determined before, during,
immediately after (i), 5’ later (5), and 515 &fter (a) laser irradiation

Eight hours of serum starvation effects are similar in both polar head group
regions of lymphocytes plasma membrane (Fig. 4), however decrease in membrane
lipid order is less sibstantial on the inner surface. After 24 hours of serum
starvation lymphocytes membrane parameters are significantly changed, and
infrared laser effects are nat statistically significant at thelevel p = 0.05.
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DISCUSSION AND CONCLUSIONS

The 830 nm light is recogrized to be absorbed by the cytochrome C oxidase
molecule in ore of its mixed valence form The suspected mechanism of action is
thechange of the oxidation state of this respiratory chain terminal enzyme
followingthe dectronic excitation d its absorbing chromophore Cu, [5-7]. Near
infrared laser light is supposed to induce change in the of this redox-active
center, thus promoting an enhancement of the dectron transfer rate [5]. Absorbing
entities in the plasma membrane of eukaryote cels are not known, however the
celular membrane is thought to be part of the phato signal transduction and
amplification chain constituting secondary mechanisms of laser actions at celular
level [11-13. 820 nm laser light induced enhancement of cdl membranes
adhesive properties was described [10, 14], and air previous data revealed
metabolically modulated significant fluidity changes in various regions of human
plateets and peripheral blood lymphocytes plasma membrane under the influence of
the 680 nm laser light [15).

The TMA-DPH fluorescence anisotropy data presented here document
significant changes in the average lipid packing density in the polar head group
region d the human peripheral blood lymphocytes plasma membrane, induced by
the 830 nm laser light. Though dsclosure of the exact dependence of the dfects on
fluence rate, frequency of irradiation, and indvidual and total absorbed doses
needs more investigation, modulation by the actual metabolic state of cdls is
evident. At our best knowledge our data ae the first providing sound evidence for
membrane fluidity changes under the influence of low power 830 nm laser light in
human peripheral lymphocytesin vitro.
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