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Low-Power Laser Irradiation Induces Leukocyte Pr iming 
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A b s t r a c t . Lasei ladiation (LR) of vanous spectial composition has been bioadl-y 
used m c hnual piactice Howevei the mechanism of the stimulating effects of LR 
icmams obscuie The effect of He-Ne LR (633 nm) on human blood leukocytes 
was investigated both m the absence and presence of 8 65 nmol/1 phthalocyanme 
(PhC) Inadia t ion of non-stimulated leukocytes with 0 025 to 0 5 I /cm- did not 
lead to anv activation of their lummol-dependent cheimluminescence (LCL) On 
the othei hand LR mc leased m most cases the subsequent CL response of the cells 
to opsonized 7\mosan (pinning action of He-Ne-lasei light) The effect of LR on 
the leukoc\tes was not standard In n iadia ted leukocytes isolated from patients 
with se\eie acute oi chiomc pneumonia oi chiomc bi one hit is the maximal LCL 
exceeded that foi non-inadiated cells b \ 80% (0 05 I / c u r ) 20 25% (0 15 J / c n r ) , 
and 0%, íespectively (doses are shown m paientheses) Fuither increase of the ex 
posuie bi ought about a dose-dependent inhibition of LCL m cells from patients 
with severe acute and chronic pneumonia There was an mtngumg relationship 
between maximal CL responses of leukocytes subjected to lasei irradiation m the 
piesence and without PhC When the piiming effect of LR on isolated cells was 
small it incieased m the piesence of exogenous photosensitizer, phthalocyanme, m 
cells of sc \e ieh ill patients wheie the initial effect of LR was strong Pc inhibited 
the pinning ac tion of LR Apparently, diffeient cells contained diffeient amounts of 
endogenous photosensitizer(s), the addition of exogenous sensitizei increased the 
pnmnig action of LR at low concentrations and deaeased it at higher concentra
tions of the endogenous photosensitize! 
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Introduct ion 

Lasei radiation of \aiious spectral composition has been bioadl> used in clinical 
practice (Belkm and Schwaitz 1989, Illanono\ 1992, Wheeland 1993 Kozlova et 
al 1994) Depending on dose, powei and othei conditions ladiation may pioduce 
damaging oi beneficial effect on the oigamsm (Sundbeig et al 1981 Kaiu 1990 
Hampton and Selman 1992, Yamamoto et al 1992) The destructive action of lasei 
ladiation (LR) used m photodynaimc therapy (PDT) oi tumois (Pass 1993) ma\ 
be leasonabh explained 1>\ the abilit\ of exogenous sensitizers (poiplrvims and 
phthaloc \anmes) to initiate free íadical leactions m tumoi cells that gi\e use to 
cell destine t ion (Van Ste\emck et al 1986) In contrast, the mechanism of stimu
lating eff<>< ts of LR is still a matte i of hypotheses (Kaiu 1989 Za\aiov et al 1989 
Lubait et al 1990 Bonsova et al 1992 Vlaelimno\ 1994) The positive effect oi 
LR m the absence of an exogenous sensitizei was revealed m studies on functional 
cell acti\it\ Incieased pioduction of reactive oxygen species (ROS) (Lubait et al 
1990) (Uokmes (Funk et al 1992) and VTP (Romanova et al 1993) has been i( 
\( ale d upon n iad ia t ion with helium-neon lasei in vitio along with leceptor s\ stem 
cxpiession (Shabalm et al 1990) and biosuithetic processes a c t u a t i o n (Lubait et 
al 1992) The stimulating effects of LR can onh be detected m a nanow lange 
of incident doses, at highei doses the effects disappeai and nihibitoľv effects aie 
obsened, which in mam- cases end up in cell death (Friedman et al 1991, Lubait 
et al 1992) 

It nia\ be pioposed that both damaging and stimulating effects of laser ia-
diatiou aie pioduced via the same mechanism which involve photosensitized free 
íaehcal íeac lions (Lubait et al 1990 1992 Fiiedman et al 1991), wheneas the 
hnal effects ma> be opposite depending on the conceiitiation of eneig\ aceeptois, 
i e endogenous sensitizers If sensitizers aie abundant (as m case of the P D T ) , 
then excessive pioduction of lachcals foimed gives use to cell damage, while at low 
c oncentiations of (endogenous) sensitizei s cedl stimulation ma> occur 

\mong othei ta igets of lasei photons m the human blood, leukocytes ma\ 
be of paitieulai interest since the\ íepiesent the principal antibactenal defease 
s^st<m m oni boďv and aie mvohed m local blood c n dilation contiol (Snaidei 
and Biedt 1992) It was the puipose of the piesent papei to stueh the modulation 
of the functional acti\it\ of human blood leukocytes upon lasei n iadia t ion m the 
piesence and absence of exogenous photosensitizei 

Mater ia ls and M e t h o d s 

Isolation of leukocytes 

Leukoc\tes weie isolated from 8-10 ml of whole blood (Boym 1968), take^n from 
the cubital \cms of patients suffeimg from bionclieo-puhnonan pathology The 
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blood was taken in the nioimng on the empty stomach and placed into siliconized 
tubes containing hepaim at 20 units/ml blood Aftei centufugation foi 10 mm 
at 400 x g, the plasma was removed and 1 ml of 0 83% ammonium chlonde was 
cautiously layered over the leukocyte button The cell suspension was caiefulh 
collected with a svnnge equipped with a long needle, and tiansferred into a tube 
containing 10 ml of 0 8 3 % NH 4 C1, where the cells weie incubated for 5 mm at 
loom tempeia tu ie to heinolyse the contaminating eivthiocytes, and subsequent^ 
sedimentcd by c entrifugation at 400 x q for 10 mm All subsequent manipulations 
weie peiformed using cooled solutions (4°C) The cells were suspended m 10 ml of a 
solution contanimg 2 7 mmol/1 KC1 136 7 mmol/1 NaCl, 1 5 nimol/1 K H 2 P 0 4 , 8 1 
nnnol/1 N a H 2 P O i , pH 7 4 and then centiifuged at 400 x q foi 10 mm The washing 
piocedme was lepeated twice The hnal pellet was lesuspended in 1 ml oi s tandaid 
H a n k s solution, and aftei cell counting m Goijaev chambei it was diluted with 
Hank's solution to a hnal cell concentration of 2 4 10° cells/ml The1 neutioplnl 
cells viability always exceeded 97% as deteimmed by t iypan blue exclusion The 
cell suspension was kept cold and used withm 6 houis 

Ĺfiikoíijte n radiation with H( -Ac -lase i hqht 

Lasei dental instalment ALTM 1 ( D a h u s , Mosc ow, Russia) was used as a SOUK e oi 
ladiation The light beam (wavelength 632 8 inn) was chiected on the object using 
fiber optics Leukocytes weie niachated m a siliconized glass cuyette The tip of 
the hght-c onductoi was fixed above the leukocyte suspension, at a distance of 1 5 
cm from the cuvette b o t t o m The volume of the u iad ia ted sample was 1 ml, the 
leukocyte lajei depth was 3 4 mm The powei of the lasei ladiation at this le-^el 
measured with a RBK 7101 dosimeter (Anod Moscow Russia), was 0 17 mW the 
light spot diameter was 0 5 cm The doses, calculated from the>se data and the 
exposuie times, vaiied from 0 025 t o 0 5 I / c n r The n iadia t ion was peiformed m 
a light-tight chamber at 37°C and undei continuous agitation The contiol sam
ple was incubated under the same conditions but without laser illumination In 
expeimrents with exogenous sensitizei, phthalocjanm (NIOPIC, Moscow, Russia) 
was additionally introduced into the sample in a hnal c one entration of 8 65 nmol/1 
Foi this purpose a certain amount of 0 2% solution of tetiasulfonate of aluminum 
phthaloe yanine m 0 9% NaCl (Photosense NIOPIC, Moscow, Russia) was added 
to the c ell suspension It has been shown m special experiments that in this eoncen-
11 at ion phthalocyanm did not influence the lummol-dependent chemihiinmescence 
of leukocytes 

Measurement of Ivrnmol-dependent chemilurnmescem P 

The functional activity of leukocytes was estimated by mcasuimg the luminol-
dependent chemilummescence (Vlachmnov and Sheistnev 1989) using a CLMC-1 
lummometei (BIKAP, Moscow Russia) All measurements of leukocv tes LCL were 
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peiformed at 37°C under continuous agitation About 100 000 cells weie placed 
into the chemiluminometei cuvette and the volume was adjusted to 4 0 ml with 
Hank s solution Then luminol (Sigma Deisenhofen, Geimairy) was added to a final 
concentration of 5 10 5 mol/1 and spontaneous ehemiluminescence was measured 
duimg 2 3 mm Aitei that 0 1 ml of opsonized zymosan (2 nig/ml) was introduced 
into the cuvette and stimulated ehemiluminescence was iccoided Foi opsonization 
10 mg zvmosan was incubated foi 10 mm at 37°C with 3 ml blood seium and 7 
ml Hank's solution The chemilummescent response was measured as the difference 
between maximal intensities of stimulated and backgiound ehemiluminescence and 
presented in aibitraiv units Each measurement of a given cell piopaiation was 
performed no less than 3 times and the mean value of the CL i espouse was taken 

R e s u l t s 

Leukocytes isolated from human blood, contain poly moiphonucleai leukocytes 
(PMNL) oi granulocytes lymphocytes and monocytes It has been shown eai 
hei that the major part of the leukocyte ehemiluminescence is due to PMNL 
which contribute 70% to the bulk cell amount m the leukomass (Vladimno\ and 
Sheistnev 1989) 

A. t\ piral e jxpeinnent is shown in Fig 1 Leukocy tes weie plae ed into the (hemi 
lummometei cuvette and n radiated by He-Ne lasei foi 1 to 4 mm undei continuous 
agitation Then the laser beam was closed and the shuttei of the chemilummome 
tei was opened Spontaneous ehemiluminescence of the cells was momtoied duimg 

0.05 

2 mm 

Figure 1 Typical changes m lummol dependent zymosan-stimulated ehemiluminescence 
of leukoevtes Leukocytes weie isolated from the blood of patients with acute pneumonia 
and irradiated with He Ne-Lasei light The doses of niadiation (J/cm2) are indicated at 
the cur\es The ehemiluminescence of irradiated leukoevtes and of those incubated in the 
dark (control) was, stimulated by opsonized zymosan (arrows) The ehemiluminescence 
level before the /ymosan introduction represents spontaneous (background) CL 
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1 2 mm Then, zymosan was introduced into the cuvette and the CL-iesponse of 
the cells was íecoided foi subsequent 8-10 mm In control experiments, leukocytes 
weie inc ubated m the cuvette before zymosan addition m the dark over same period 
as m expeiunents with laser irradiation The spontaneous CL of the cells was m all 
cases la ther low (seveial percents of the maximal CL amplitude aftei stimulation) 
and did not detect ably differ between n radiated and non-irradiated samples In 
coiitiast, zymosan induced CL response was essentially different m non-niadia ted 
and n iadia ted leukoevtes Foi example, at the dose 0 05 I / cm 2 , the amplitude was 
bv 70% highei than m control, while at highei doses it decieased down to onlv 40% 
of the contiol at the dose 0 2 1/cnr 

Figuie 2 shows the close dependence oi the effect of lasei n iadia t ion on the 
cell (heimluminescenee lesponse amplitude upon subsequent addition oi opsonized 
zymosan foi cells oi patients suffering from diffeient pulmonarv diseases Contiol 
cuives show the> effects of lasei lnadia t ion on leukoevtc suspensions m the ab 
sene e of exogenous photosensitizeis It is seen that the effect oi laspr radiation 
on the leukocyte functional activity was different in diffeient blood samples In 
leukoevtes isolated from patients with severe poly segmental pneumonia in acute 
phase (Fig 2A) the samples n iadia ted at the dose 0 05 I / c n r emitted chemi 
luminescence whose amplitude exceeded that of non n iad ia ted cells (contiol) bv 
dppioximately 80% Fuithei mciease of the exposure above 0 15 J / c u r bi ought 
about a dose-dependent inhibition of the CL i espouse 

In the second case, when leukocytes isolated from patients with chiomc pneu 
moma weie investigated (Fig 2B), the CL intensity of n iad ia ted PMNL was highei 
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Figure 2. Effects of He-Ne-laser light on zymosan-mduced CL response oi leukoevtes m 
the presence or absence of 8 64 x 10~"9 mol/1 phthalocyanme (PhC) Ordinate amplitude 
of zvmosan-stimulated CL response (in %) to non-irradiated cells, abscissa irradiation 
dose (J/cm2), A - patients with acute pneumonia (n = 7), B patients with chronic 
pneumonia (n = 5), C - patients with chronic 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 in contiol, and was obseived at highei doses (0 15 I / c n r ) 
Fuithei increase of the dose again resulted m CL depression It should be noted 
that at high doses of lasei radiation, where the fall of CL response was obseived, 
the peicentages of died cells were negligible (3 5%, as measured with trypan blue 
test) 

In the t h u d case when leukocytes isolated from patients with chronic bron
chitis weie subjected to laser irradiation, the lattei did not produce anv significant 
change in the CL cuive shape or amplitude (Fig 2C) 

The obseived enhancement of blood leukocyte functional activity appealed 
only as a lesult of the subsequent action of the stimulus We did not ever obseive a 
direct response of the cells to laser íriadiation at the doses used This means that 
lasei radiation was a pinning agent rathei than a stimulus m all our experiments 

One explanation of the different effects of lasei light on leukoevtes can be 
differences in the concentiations of an endogenous lasei energy acceptor, which wc 
shall call sensitizer regardless of the mechanism of its action If this is the case 
addition oi an exogenous sensitizei should produce pinning effects, superimposed 
on those produced bv the endogenous sensitizer 

To cheek this possibility we studied the effect of a well known photosensitizei 
phthalcK yanme in combination with lasei nrachation on the leukocv te CL íesponst 
to the stimulus (opsonized zymosan) This dye sensitizes lipid photooxidation in 
liposomes (Klebanov et al 1996) and eivthiocyte ghosts (Zaidi et al 1993) and is 
now widely used m photodvnamic theiapy of tumois (Pass 1993, Van Stevemek et 
al 1986) 

It has bee n found that lasei niadiat ion of leukocv tes m the piesence of phthalo
cyanme enhanced the subsequent CL lesponse of PMNL to stimulation with op 
somzed zvnidsan 4t the same time the maximum CL lesponse was observed at 
lower doses of laser radiation (0 025 and 0 05 J/cm") than foi cells which did not 
< ontam phthaloc yanme (0 05 and 0 1 J / c n r ) Meshtei et al (1979) obtained similai 
lesults using methylene blue as photosensitizer 

The vanations m the effects of lasei nrachation on the leukocyte CL m the 
piesence of Pc may be partially attr ibuted to cliffeie^it binding of the dve to cells 
from diffeient patient gioups 

The inhibition oi luminol enhanced ehemiluminescence of PMNL in the pies 
c ne e of exogenous photosensitizei upon lasei n iadiat ion was also obseived at lowei 
ladiation doses 

T i m e is an mteiestmg relationship between maximal CL íesponses of PMNL 
subjected to lasei n iadiat ion m the presence and without phthalocvamne In cases 
when maximal CL lesponse m the absence of sensitizer was weak, the effect of 
ladiation was much highei m the presence of the dye (Figs 2B and C) And via 

u(i so when the ladiation effect was stiong (Fig 2A) the nrachation of leukocytes 
m the piesence of phthalocyanme produced a very modest effect In PMNL, m 
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which laser irradiation was ineffective m tlie absence of photosensitizei m the 

piesence of phthalocvamne during laser 11 radiation was followed by a pronounced 

activation of the leukocytes 

D i s c u s s i o n 

Illumination of isolated blood leukoevtes with He Ne lasei light (632 8 nm) did not 
pioduce any activation of lummol-enhanc ed ehemiluminescence in oui expciiments 
at am dose used (0 05 0 30 I /cm 2 ) On the othei hand it was shown that lasei 
n iadiat ion of blood leukocyte suspension isolated from patients with pulmonaiv 
diseases m many cases essentially mci cased subsequent C L lesponse of the cells to 
the stimulus (opsonized zymosan) In other woids illumination of leukoevtes with 
led (lasei) light increased m ceitam cases and at a ceitam dose the potential of 
blood phagocytes to pioduce íeactive oxygen species under subsequent stimulation 
\ similar phenomenon produced by low concentrations of phagocy te stimuli has 
been descubed m the htcratuie and called priming effect ( \ a n Epps and Gaicia 
f980 Outl ine at al 1984) The essence of the phenomenon is that upon addition 
to phagocytes of veiy low concentrations of some compounds including FMLP 
F\l\ hpopolvsacchandes, GM-CSF (Guthrie et al 1984 Woodman et al 1988) 
and calcium íonophoies such as \23187 lonomycm (Fmkcl et al 1987 Kovalchuk 
et al 1991) to phagoevtes, the respiratory buist (energetic íeactivc oxygen species 
production) is not obseived but the cell lesponse to the subsequent action of 
highei concentiation of the same oi anothei stimulus increases by a factor of 2 4 
foi neutiophils and up to 10 foi maciophages (Woodman et al 1988 Kovalchuk et 
il 1991) 

The crucial event m the pruning effect is appaientlv an increase m mt i a 
cellulai calcium concentration The incubation of blood PMNL with the calcium 
lonophoie lonomycm m concentrations of 2 4 10~9 mol/1 biought about an en
hancement of subsequent CL-iespouse of the cells to the addition of opsonized 
zymosan (Kovalchuk et al 1991) 

\ l so the incubation of neutrophils with lipid peroxidation products resulted 
m piimmg manifested m a 2 3 fold mciease of subsequent CL-response at the 
same time the suiface Fc-receptoi concentiation also increased by the same factoi 
(Vladimnov et al 1990 Kovalchuk et al 1991) Lipid peroxidation was shown to 
mciease ionic permeability of phospholipid and biological membiaires including 
peimeabihty foi C a 2 + ions (Shubm et al 1975 Rubtsov et al 1984) 

Hence we may hypothesize that m leukocytes containing a sensitizer, endo oi 
exogenous, lipid peroxidation is initiated under laser illumination tha t , m its turn, 
increases cell membiane peimeabihty to calcium ions and mtiacellulai calcium 
concentration and bangs about leukocyte priming On the other hand Zaidi et al 
(1993) have found that lasei irradiation of miciosomes and eiythiocvte membranes 
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causes accumulation of lipid pel oxidation pioducts 

The highei doses of laser ladiation piodueed howevei, the opposite effect on 
the phagexvtes In all cases, the pinning effect was obseived, if at all at compai-
ativelv low closes of lasei ladiation, while higher doses always depiessed the cell 
activity (Kaiu 1990 Fiiedman et al 1991) It should be noted that increased m-
tiacellulai calcium also usually pioduces cell activation at low and mhibitis cell 
activity at higher C a 2 + c oncentiations (Sundbeig et al 1981) 

Whatevei the mechanism oi the priming action of lasei light the pimcipal 
problem is the na tu ie of the pimiaiv photon ace eptoi the chiomophoie, that 
absoibs lasei ladiation and initiates photochemical íeaction(s) Endogenous poi-
phvims may be proposed as such moleculai acceptors of He-Ne-lasei light (Chei-
mtskiv and Slobozhamna 1989 Lubait et al 1992) poiphvim (oncentiations m 
tissues mciease v a n m some pathological states (Kuznetsova et al 1981, Giant 
et al 1993) poiphvims aie known to absoib light m a bioad lango of the visible 
spectr in! (Cheimtskiy and Slobozhamna 1989) including 633 nm the wavelength 
oi RV-Ne-lasei ladiation 

In the framewoik oi this concept the vanations oi leukocyte CL íesponses 
upon lasei n iadia t ion may be accounted foi bv diffeient contents of endogenous 
(and exogenous) sensitizers m the cells The highei the sensitizei concentiation 
the moie lipid pel oxidation pioducts ate foi med undei niadiat ion pioducmg rust 
cell pinning and then depiession of lespnatoiy bms t upon stimulation When the 
c once ntiations of the endogenous photosensitizei is low oi zero the addition oi 
exogenous sensitizei causes a pionouneed paining effect If the sensitizei (on< en-
ti at ion is initially high the exogenous sensitizer depi esses cell activity lathei than 
enhaiu e s it 

The question of the c lime al iclevanc e of phagocy te pinning upon lasei mad ia 
tion is lelevant m this context, SUM e laser niadiat ion is applied m physiotheiapy oi 
a numbei of diseases including myocaielial mfaiction, caicho-stenosis open wounds 
etc (Illauonov 1992, Kozlov and Buihn 1993) Clinical observations indicate that 
one impoitaiit conseciuenc e of lasei niadiat ion could be vasodilatation of small 
vessels (Snaidei and Biedt f992) followed by nnpiovred nuciociidilation (Kozlov et 
al t990 Skobelkm 1990), and m paiticulai giving use to repeifusion facilitation 
after ischemia (Illauonov 1992) The ability of macrophages to pioduce nitiic oxide 
along with leactive oxvgen species (ROS) and other pioducts is of paiticulai niter 
est m this tespect Nitiic oxide (NO) is ap iecu iso i of EDRF (endothehum-deiived 
lelaxmg factoi) (Snaidei and Biedt 1992), and the level of its pioduction should 
depend as m the case of ROS, on the cell activity wdrich mcieases as a lesult of 
pinning 

In summaiv, the beneficial effect of lasei theiapy may be a result of the fol
lowing chain of events (Fig 3) 

1 The accumulation of an endogenous photosensitizcr m the blood plasma 
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Photosensitizer 

EDRF —*- Vasodilatation 

I 
NO 

cio-
MPoy v 

, 0 2 - - ^ ^ HÓOH Antibacterial 
effect 

Figure 3. The c onsequem es oi the priming effects of laser radiation on blood phagocytes 
EDRF endothelium deiived relaxing factor, NO nitiic oxide, MPO mvelopeioxidase, 
C10~ irvpochlone anion 

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

2 Illumination of the cells with intense light in the spectral legion of the 

sensitizei absoiption induces priming in leukocytes tha t gives lise to increased 

pioduction of ROS and NO by stimulated cells 

3 EDRF. foimed from NO. brings about vasodilatation effect and linpioves 

local and systemic blood cnculation. 

The excessive accumulation of the photosensitizei, as well as under the action 

of too high doses of lasei light, the activity of phagocytes decreases and lasei 

illumination pioduces negative iathei than favorable effects Also, it cannot be 

exe-luded that excessive production of NO will also lead to exaceibation of the 

disease 
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