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Low-Power Laser Irradiation Induces Leukocyte Priming
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Abstract. Laser 1adiation (LR) of various spectial composition has been broadly
used m climcal practice However the mechanmsm of the stimulating effects of LR
rematns obscure The effect of He-Ne LR (633 nm) on human blood leukocvtes
was mvestigated both 1 the absence and presence of 8 65 nmol/l phthalocyanie
(PhC) hiradiation of non-stimulated leukocvtes with 0025 to 05 T/cm? did not
lead to anv activation of their luminol-dependent chemmilumimescence (LCL) On
thc other hand LR mcieased i most cases the subsequent CL response of the cells
to opsomzed 7vmosan (priming action of He-Ne-laser hight) The effect of LR on
the leukocyvtes was not standard In nradiated leukocytes 1solated from patients
with severe acute or dlnonic pneumonia o1 chronic bronchitis the maximal LCL
(xceeded that for non-iradiated cells by 80% (0 05 J/ain?) 20 25% (0 15 J/an?),
and 0%, respectively (doses are shown 1 parentheses) Further increase of the ex
posute Drought about a dose-dependent mmhibition of LCL in cells from patients
with severe acute and chronic pneumonia There was an mtriguing relationship
between maximal CL responses of leukocytes subjected to laser irradiation m the
presence and without PhC' When the priming effect of LR on 1solated cells was
amall 1t inceased 1 the presence of exogenous photosensitizer, phthalocyanine, in
cells of scverely 11l patients whete the mitial effect of LR was strong Pc inhibited
the priming action of LR Appaiently, different cells contained different amounts of
(ndogenous photosensitizer(s), the addition of exogenous sensitizer mncreased the
priming action of LR at low concentrations and decireased 1t at lngher concentia-
tions of the endogenous photosensitizer
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Introduction

Laser racdiation of various spectral composition has been hoadly used mn clinical
practice (Belkin and Schwaitz 1989, Illanionov 1992, Wheeland 1993 Koczlova et
al 1994) Depending on dose, power and other conditions radation may produce
damaging o1 beneficial effect on the organism (Sundbetg et al 1981 Karu 1990
Hampton and Selman 1992, Yamamoto et al 1992) The destructive action of laser
radiation (LR) used m photodynamic therapy (PDT) of tumors (Pass 1993) may
be reasonably explained by the abihity of exogenous sensitizers (porphyviims and
phthalocy anmes) to mnate free 1adical 1eattions m tumor cells that give 11se to
cell destruction (Van Stevenich et al 1986) In contrast, the mcchamsin of stimu-
lating effects of LR 1s still a matter of hypotheses (Karu 1989 Zavarov et al 1989
Lubart et al 1990 Botsova et al 1992 Viadunitov 1994) The positive effect of
LR m the absence of an exogenous sensitizer was revealed in studies on functional
cdl activity Inareased production of reactive oxygen species (ROS) (Lubait ot al
1990) «vtokmes (Funk et al 1992) and ATP (Romanova et al 1993) has been 1¢

vaalcd upon nradiation with heliun-neon laser i1 vitro along with receptor system
exproession (Shabalm et al 1990) and hiosynthetic processes activation (Lubart et
al 1992) The stimulating effects of LR can only be detected m a nartow 1ange
of mcident doses, at higher doses the effects disappear and mhabitory effects are
observed, which 1 many cases end up m cell death (Friedman et al 1991, Lubart
ot al 1992)

It may be proposed that both damaging and stimulating effects of laser 1a-
diation are produced via the same mechamsm which mvolve photosensitized fiee
tadical teactions (Lubart et al 1990 1992 Firedwan et al 1991), wheteas the
final effects may be opposite depending on the concentration of energy acceptors,
1e endogenous sensitizers If sensitizers are abundant (as i case of the PDT),
then excesstve production of 1adicals formed gives 11se to cell damage, while at low
concentiations of (endogenous) sensitizers cell stunulation may occur

Among other targets of laser photons i the human blood, leukocytes may
be of particular mterest smce they 1epresent the prnapal antibacterial defensc
systam m our body and are mvolsed m local blood cuculation contiol (Snaider
and Bredt 1992) It was the purpose of the present paper to study the modulation
ot the functional activity of human blood leukocy tes upon laser nradiation m the
presence and absence of ¢xogenous photosensitizer

Materials and Methods

Isolation of leukocytes

Leukocy tes were 1solated from 8-10 wl of whole blood (Boym 1968), taken from
the cubital vemns of patients suffering from broncheo-pulmonary pathology The
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blood was taken in the morning on the emptv stomach and placed mto sthcomzed
tubes contaming heparm at 20 units/ml blood After centifugation for 10 mun
at 400 x g, the plasma was removed and 1 ml of 0 83% ammonmum chloride was
cautiously layered over the leukocyte button The cell suspension was carefulls
collected with a svimnge equipped with a long needle, and transferied into a tube
contarmng 10 ml of 0 83% NH,Cl, where the cells were incubated for 5 min at
100 temperature to hemolyse the contaminating ervthrocytes, and subsequently
sedimented by centrifugation at 400 x ¢ for 10 nun  All subsequent manipulations
wetre perforimed using cooled solutions (4°C) The cells were suspended in 10 mil of a
solution contamung 2 7 mmol/1 KCl 136 7 mmol/] NaCl, 1 5 mmol/t KH,PO4, 8 1
mnol/I NaH,PO, pH 74 and then centitfuged at 400 x g for 10 min The washing
procedure was 1epeated twice The hinal pellet was resuspended in 1 ml of standard
Hank s solution, and after cell counting in Gotjaev chamber 1t was diluted with
Hank’s solution to a tinal cell concentration ot 2 4 10° cells/ml The neutrophil
cells viability always exceeded 97%  as determined by tiypan blue ¢aclusion The
cell suspension was kept cold and used within 6 hours

Leubocyte wrradiation with He-Ne-lascr Tight

Laser dental mstrument ALTM 1 (Dalvus, Moscow, Russia) was used as a sourc e of
1adiation The hight beamn (wavelength 632 8 mn) was directed on the objcct using,
fiber optics Leukocytes were nradiated m a sthcomzed glass cuvette The tip of
the Light-conductor was fined above the leukocyte suspension, at a distance ot 15
cm from the cuvette bottom The volume of the mradiated sample was 1 mnl, the
leukocyte layer depth was 3 4 mm The power of the laser 1adiation at this level
measured with a RBK 7101 dosineter (Anod Moscow Russia), was 0 17 mW the
hight spot diameter was 05 «¢m The doses, calculated fiom these data and the
exposute times, varted fiom 0025 to 05 J/cm? The nradiation was petformed m
a hght-tight chamber at 37°C and undet continuous agitation The control sam-
ple was mcubated under the same conditions but without laser illununation In
experiments with exogenous sensttizer, phthalocyanin (NIOPIC, Moscow, Russia)
was additionally introduced mto the sample 1 a final concentration of 8 65 nmol/1
For this purpose a certain amount of 0 2% solution of tetrasulfonate of aluminum
phthalocyanine m 0 9% NaCl (Photosense NIOPIC, Moscow, Russia) was added
to the cell suspension It has been shown 1 special experiments that i this concen-
tration phthalocyanm did not influence the luminol-dependent chemiluimnescence
of leukocvtes

Measurement of luminol-dependent chemiluminescence

The tunctional activity of leukocytes was estimated by measuiing the luininol-
dependent chemilummescence (Vladimuov and Sheistnev 1989) using a CLMC-1
lunminometer (BIKAP, Moscow Russia) All measurements of leukocytes LCL were
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petformed at 37°C under continuous agitation About 100 000 cells were placed
mto the chemiluminometer cuvette and the volume was adjusted to 4 0 ml with
Hank s solution Then luninol (Sigma Deisenhofen, Germany) was added to a final
concentration of 5 10 % mol/l and spontaneous chenuluminescence was measured
durmg 2 3nun After that 0 1 ml of opsonmzed symosan (2 mg/ml) was mtroduced
into the cuvette and stiunulated chenmiluminescence was recorded For opsonization
10 mg zymosan was mcubated for 10 min at 37°C with 3 ml blood serumn and 7
ml Hank’s solution The chemilumimescent 1esponse was measured as the difference
between maximal 1intensities of stimulated and background chemilumimescence and
presented m arbitrary umts Each measurcment of a given cell preparation was
performed no less than 3 times and the mean value of the CL 1esponse was taken

Results

Leukocytes 1solated from human blood, contain polymorphonuclear leuhocytes
(PNINL) or granulocytes lymphocvtes and monocvtes It has been shown ear
lier that the major part of the leuhocyte chemiluminescence 1s due to PMNL
which contribute 70% to the bulk cell ammount i the leukomass (Vladimuiov and
Shetstnev 1989)

A typical experument 1s shown in Fig 1 Leukocy tes were placed into the chemi
luminometer cuvette and nradiated by He-Ne laser for 1 to 4 mun under continuous
agitation Then the laser beam was closed and the shutter of the chermniluminome
ter was opened Spontancous chemiluminescence of the cells was monitored during

A

2 min

Figure 1 Typical changes in lumiol dependent zymosan-stimulated chemilunmnescence
of leukocvtes Leukocytes were 1solated from the blood of patients with acute pneumonia
and irradiated with He Ne-Laser light The doses of mradiation (J/cm?) are indicated at
the curves The chemiluminescence of irradiated leukocvtes and of those mcubated 1n the
dark (control) was stimulated by opsomzcd zvmosan (arrows) The chemiluminescence
level before the symosan mtroduction represents spontaneous (background) CL
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1 2 nun Then, zymosan was introduced mto the cuvette and the CL-1esponse of
the cells was 1ecorded for subsequent 810 min In control experiments, leuhocytes
were mncubated 1in the cuvette before zymosan addition i the dark over same period
as 1 experuments with laser irradiation The spontaneous CL of the cells was n all
cases 1ather low (several percents of the maximal CL amplitude after stimulation)
and did not detectably differ between nradiated and non-irradiated samiples In
contrast, zymosan mduced CL response was essentiallv different in non-rradiated
and nracdiated leukocvtes For example, at the dose 0 05 J/cm?, the amphitude was
by 70% higher than i control, while at higher doses 1t decreased down to onls 40%
of the contiol at the dose 02 J/cm?

Figure 2 shows the dose dependence of the effect of laser nradiation on the
cell chemmluminescence 1esponse amphtude upon subsequent addition of opsonized
symosan for cells of patients suffering from different pulmonary diseases Control
curves show the effects of laser riadiation on leuhocvte suspensions i the ab
sence of exogenous photosensitizeis It 1s seen that the effect of laskr 1adiation
on the leukocyte functional activity was different i different blood samples In
leuhocvtes 1solated from patients with severe polysegmental pneumonia i acute
phase (Fig 2A) the samples madiated at the dose 005 J/cm? emutted chemn
luminescence whose amphtude exceeded that of non madiated cells (control) by
appronamately 80% Further mcrease of the exposure above 015 J/cin? brought
about a dose-dependent mhibition of the CL 1espomnsc

In the second case, when leukocytes 1solated from patients with chiounic pneu
monia were mvestigated (Fig 2B), the CL ntensity of nradiated PMNL was igha

T A B C
0 -
5 | Control ) +PhC
£ 160 160 160 |
A + PhC _ + PhC
g . 120 Control 120 |
[
§_ 120 N L Control
F
@ . 80 80
d 80 4 i
40 40
40 1 T T T T v 1 T T T T T 1 — T T T 1
00 01 02 03 04 00 01 02 03 04 00 01 02 03 04
Dose (J/cm?) Dose (J/cm?) Dose (J/icm?)

Figure 2. Effects of He-Ne-laser light on zymosan-induced CL response of leukocytes
the presence or absence of 8 64 x 10™% mol/l phthalocvamne (PhC) Ordinate amplitude
of zvmosan-stimulated CL response (in %) to non-irradiated cells, abscissa 1rradiation
dose (J/cm?®), A - patients with acute pneumoma (n = 7), B patients with chronic
pneumoma (n = 5), C — patients with chronmic bronchitis (n = 8) Each point repiesents
the mean, error bar show standard deviation n — number of patients
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only by 20 25% than i control, and was obseived at higher doses (015 J/cm?)
Further mciease of the dose agan resulted m CL depression It should be noted
that at high doses of laser radiation, where the fall of CL response was observed,
the percentages of died cells were neglgible (3 5%, as measured with trypan blue
test)

In the thud case when leukocytes 1s0lated fiom patients with chronic bron-
chitis were subjected to laser wrradiation, the latter did not produce anv significant
change m the CL cuive shape or amphitude (Fig 2C)

The observed enhancement of blood leukocyte functional activity appeared
only as a result of the subsequent action of the stimulus We did not ever observe a
direct 1esponse of the cells to laser irnadiation at the doses used This means that
laser radiation was a primung agent rather than a stumulus m all our experiments

One explanation of the different effects of laser hight on leukocytes can be
differences m the concentiations of an endogenous laser cnergy acceptor, which we
shall call sensitizer regardless of the mechanism of 1ts action If this 15 the case
addition of an exogenous sensitizer should produce priming effects, superimposed
on thosc produced by the endogenous sensitizer

To check this possibility we studied the effect of a well known photosensitizer
phthalocyamne m combimation with laser nradiation on the leukocy te CL 1esponse
to the stunulus (opsonized zymosan) This dye sensitizes hipid photoonidation
liposomes (Klebanov et al 1996) and ervthioceyte ghosts (Zaidi et al 1993) and 15
now widely used in photodvnamic therapy of tumors (Pass 1993, Van Stevenck et
al 1986)

It ias been found that laser mradiation of leukocs tes m the presence of phthalo-
cvanine enhanced the subsequent CL 1esponse of PNINL to stimulation with op
sonized zvmdsan At the same time the maximum CL 1esponse was observed at
lower doses of laser radiation (0 025 and 0 05 J/cm?) than for cells which did not
contam phthalocyamme (0 05 and 0 1 J/cm?) Meshter et al (1979) obtamned sunilar
results using methylene blue as photosensitizer

The variations w the effects of laser uradiation on the leukocyte CL m the
presence of Po may be partially attubuted to different binding of the dyve to cells
from different patient groups

The mlubition of luminol enhanced chenmlhuminescence of PVINL 1 the pies
cnce of enogenous photosensitizer upon laser n1adiation was also observed at lower
1adiation doses

There 15 an mteresting relationship between manunal CL responses of PMNL
subjected to laser m1adiation m the presence and without phthalocvanine In cases
when maxunal CL response 1 the absence of sensitizer was weak, the effect of
radiation was much higher 1 the presence of the dye (Figs 2B and C) And wicr
versa when the radiation effect was stiong (Fig 2A) the nradiation of leuhocy tes
m the presence of phthalocyamne produced a very modest effect In PMNL,
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which laser wrradiation was meflective m the absence of photosensitizer 1 the
presence of phthalocvamne durnng laser nradiation was followed by a pronounced
activation of the leukocytes

Discussion

Hlumination of 1solated blood leukocs tes with He Ne laser hight (632 8 nm) did not
produce any activation of lununol-enhanced chemiluminescence mn our experiments
at amy dose uscd (005 030 J/cm?) On the other hand 1t was shown that laser
iradiation of blood leukocyte suspension 1solated from patients with pulmonary
discases i many cases essentially mcre ased subsequent ( L response of the cells to
the stimulus (opsonized zymosan) In other words illumination of leuhocvtes with
red (lasc) light mcreased 1 certam cases and at a certain dose the potential of
blood phagocvtes to produce 1eactive oxygen species under subsequent stimulation
A sunilar phenomenon produced by low concentrations of phagocyte stunuh has
been descitbed m the Litcrature and called priming effect (Van Epps and Garcia
1980 Guthiie at al 1984) The essence of the phenomenon 1s that upon addition
to phagocvtes of very low concentrations of some compounds mcluding FAILP
I'\IA Lipopolysaccharides, GM-CSF (Guthrie et al 1984 Woodman et al 1988)
and calcium onophotes such as A23187 1onomycmn (Fikel et al 1987 hovalchuk
et al 1991) to phagocs tes, the respiratory buist (energetic reactive oxygen species
production) 15 not obsetved but the cell response to the subsequent action of
higher concentration of the same or another stunulus mcreases by a factor of 2 4
for neutiophils and up to 10 for maciophages (Woodman et al 1988 Kovalchuk et
il 1991)

The crucial event m the priming effect 1s apparently an mciease m intia
cellular calcium concentration The mcubation of blood PMNL with the calaum
1onophore 10nomycin 1 concentrations of 2 4 10~% mol/l brought about an en-
hancement of subsequent CL-1esponse of the cells to the addition of opsonized
zymosan (hovalchuk et al 1991)

Also the mcubation of neutrophils with lipid peroxidation products resulted
in primung manifested 1 a 2 3 fold maease of subsequent CL-response at the
same tune the sutface Fc-receptor concentration also increased by the same factor
(Vladimirov et al 1990 Kovalchuk et al 1991) Lipid peroxadation was shown to
mciease onic perneability of phosphohipid and biological membianes 1ncluding,
petmeabihity for Ca’t 1ons (Shubin et al 1975 Rubtsov et al 1984)

Hence we may hypothesize that i leukocytes contaimming a sensitizer, endo or
exogenous, lipid peroxidation 1s imitiated under laser illumination that, in 1ts turn,
mcreases cell membrane permeability to calcium 1ons and mtiacellular calcium
concentration and brings about leukocyte prinung On the other hand Zaidi et al
(1993) has ¢ found that laser irradiation of microsomes and erythrocvte membranes
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causes accumulation of lipid peroxidation products

The hugher doses of laser 1adiation produced however, the opposite effect on
the phagocites In all cases, the pruming effect was observed, 1f at all at compar-
ativehy low doses of laser 1adiation, while higher doses always depressed the cell
actinity (haru 1990 Friedman et al 1991) It should be noted that mcreased in-
tracellular calaum also wsually produces cell activation at low and mhibitis cell
actinaty at ngher Ca®*t concentrations (Sundberg et al 1981)

Whatever the mechamsm of the prunming action of laser hight the prncapal
problem 15 the nature of the prumary photon acceptor the (hromophore, that
absorbs faser radiation and mitiates photochemical reaction(s) Endogenous por-
plinims masv be proposed as such molecular acceptors of He-Ne-laser hight (Cher-
mtshiy and Slobozhanima 1989 Lubatt et al 1992) porphviin concentiations m
tissues mcrease vary i some pathological states (Kusnetsova et al 1981, Grant
et al 1993) porphynins are known to absob light m a broad range of the visible
spectium (Chermtshiy and Slobozhanina 1989) mdluding 633 nm the wavelength
ol He-Ne-laser radiation

In the fiamewok of thus concept the vanations of leukocyte CL 1esponses
upon laset nradiation may be accounted tor by different contcnts of endogenous
{and exogenous) sensitizers m the cells The higher the sensitizer concentration
the more hipid perovadation products ate formed under nradiation producing fist
cell prumng and then depression of respuatory burst upon stunulation When the
concentrations of the endogenous photosensitizer 1s low o1 zero the addition of
(A0genous sensitizel causes a pronounced priming effect If the sensitizer concen-
tration 1s mitially high the exogenous sensitizer depresses cell activity rather than
enhances it

The question ot the chimical relevance of phagocy te priming upon laser 1radia
tion 1s 1elevant i this context, since laser niadiation 1s apphed i phyvsiotherapy of
a number of diseases mcluding myocardial infarction, cardio-stenosis open wounds
ct (Hlatonoy 1992, Kozlov and Builin 1993) Clnical observations mdicate that
one unportant consequence of laser nradiation could be vasodilatation of small
vessels (Snaider and Bredt 1992) followed by mmproved microcirculation (Kozlov et
al 1990 Skobelkin 1990), and m pairticular giving 11se to reperfusion facilitation
atter ischema (Iaronoy 1992) The ability of maciophages to produce nitric oxade
along with reactive oavgen species (ROS) and other products 1s of parficular mtex
est 1 this respect Nitrie oxade (NO) 1s a precursor of EDRF (endothelium-denved
relaxing factor) (Snaider and Bredt 1992), and the level of 1ts production should
depend  as i the case of ROS, on the cell activity which mncieases as a result of
primning,

In summarv, the beneficial effect of laser theiapy may be a result of the fol-
lowmg chamn of events (Fig 3)

1 The accumulation of an endogenous photoscusitizer in the blood plasma
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Figure 3. The consequences of the priming effects of laser radiation on blood phagocvtes
EDRF endothehum denved relaxing factor, NO  mtiuic oside, MPO  miveloperoxidase,
C10™  hyvpochloric anion

and cells that depends on the organism state and a pathology development

2 Ilumination of the cells with intense light in the spectial region of the
sensitizer absoiption mduces priming in leukocytes that gives iise to increased
production of ROS and NO by stunulated cells

3 EDRF. formed from NO. brings about vasodilatation effect and unpioves
local and systemic blood cuculation.

The excesstve accumulation of the photosensitizer, as well as under the action
of too hgh doses of laser light, the activity of phagocytes decreases and laser
Hlunmnation produces negative rather than favorable eftects Also, it cannot be
excluded that excessive production of NO will also lead to exaceibation of the
disease
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