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Ab stract: In this study we in ves ti gated the in flu ence of green la ser ir ra di a tion (532 nm, 30 mW,
31.7 J/cm2) on the mem brane in teg rity of hu man eryth ro cytes and com pared the re sults with the ef fect of
in fra red la ser ir ra di a tion (810 nm, 50 mW, 31.3 J/cm2). To eval u ate the mem brane in teg rity of eryth ro cytes,
one clin i cal pa ram e ter, the os motic fra gil ity, was in ves ti gated. We ob served a de crease in os motic
fra gil ity of the eryth ro cytes af ter ir ra di a tion by the green la ser light as well as by the in fra red la ser
com pared to non-ir ra di ated con trols.
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1. In tro duc tion

Dis ease trans mis sion is one of se ri ous com pli ca tions of the blood trans fu sion. Stored
blood and blood prod ucts may con tain vi rus-in fected cells which can not be de tected be -
cause of the lack of suit able screen ing tests. As well, some Gram-neg a tive bac te ria strains
are ca pa ble of grow ing at 4 °C, the stor age tem per a ture. The risk of the in fec tion is high est 
for chron i cally trans fused pa tients [1]. This risk has been re duced consideably for co ag u -
lat ing fac tor con cen trates by the ap pli ca tion of virudical pro ce dures. These pro ce dures,
how ever, are not ap pli ca ble to blood prod ucts con tain ing cell com po nents, due to the fra -
gil ity of these cells. It was sug gested that photosterilization of blood (ap pli ca tion of
photosensitizer and sub se quent ir ra di a tion with a la ser) might pro tect the pa tients against
the risk of trans mit ting patho gens [2].

How ever, such a pro ce dure might change some other func tions of blood. A pos i tive ef -
fect of low-en ergy la ser ir ra di a tion on re gen er a tion has been found in var i ous tis sues, such 
as skin [3], bone [4], nerves [5] and skel e tal mus cle [6]. 

In this study we in ves ti gated the in flu ence of green la ser ir ra di a tion on the mem brane
in teg rity of hu man eryth ro cytes and com pared the re sults with the ef fect of in fra red la ser
ir ra di a tion which is used for the im prove ment of rhe o log i cal prop er ties of blood. To eval -
u ate the mem brane in teg rity of eryth ro cytes, one clin i cal pa ram e ter, the os motic fra gil ity,
was in ves ti gated.
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2. Ma te rials and Methods

Hu man blood was ob tained from the Clinic of He ma tol ogy and Transfusiology, Cyril
and Method’s Med i cal Hos pi tal, Bratislava. Blood from healthy adult do nors con tained
3.2 % so dium ci trate as an an ti co ag u lant. The blood was partly de pleted both of plasma
and trombocytes and it was used at a hematocrit of 56.81 ± 4.62 %. For ir ra di a tion of the
blood sam ples we used Nd:YAG Green la ser, 532 nm, 30 mW, 31.7 J/cm2 from Raise
Elec tron ics, Tai wan or in fra red Ther apy La ser CTL 1106 Mx, 810 nm, max. 400 mW,
31.3 J/cm2 from La ser In stru ments, War saw. Con trols were kept in dark un der the same
con di tions. For the os motic fra gil ity test, blood sam ple was added to so dium chlo ride so -
lu tions in the con cen tra tion range of 0 to 150 mmol/l. The so lu tions were buf fered with
phos phate sa line (1.9 mmol/l NaH2PO4, 8.1 mmol/l Na2HPO4, pH 7.4). Thirty min utes af -
ter the in cu ba tion of hu man blood in so dium chlo ride so lu tion the sus pen sion was cen tri -
fuged at 500 g for 20 min. Ob tained supernatant was ex am ined spec tro pho to met ri cally
(Specord M40, Carl Zeiss, Ger many). The amount of the re leased he mo glo bin in the
supernatant was de ter mined by ex am in ing the absorbance at 541 nm, which is one of the
he mo glo bin spec trum max ima.

The os motic fra gil ity curves were ob tained as a de pend ence of the con cen tra tion of
NaCl on the absorbance of he mo glo bin at 541 nm. All the mea sure ments were car ried out
at room tem per a ture 20 ± 2 °C. The re sults were ex pressed as the mean ± stan dard er ror of
the mean (SEM). Stu dent’s paired t-test was used for the sta tis ti cal anal y sis.

3. Re sults

We stud ied the in flu ence of 532 nm and 810 nm la ser ir ra di a tion on os motic fra gil ity
of hu man eryth ro cytes. In paired ex per i ments, the os motic fra gil ity curves were mea sured
for the non-ir ra di ated con trol sam ple and for the ir ra di ated one. An ex am ple of the ob -
tained data for one blood sam ple is shown in Fig. 1(A) for the non-ir ra di ated and in
Fig. 1(B) for the ir ra di ated sam ples. The ob served shape of the curve is typ i cal for the os -
motic fra gil ity mea sure ments. We fit ted the ob tained data by the sigmoidal func tion:
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were c is the NaCl con cen tra tion, A is the absorbance at 541 nm. In dis tilled wa ter the
eryth ro cytes un der went swell ing and sub se quently the rup tured eryth ro cyte mem branes re -
leased he mo glo bin, which was de tected as the max i mal absorbance value Amax, Amin is a
min i mal absorbance value of he mo glo bin pres ent in the blood sam ple in iso tonic so lu tion
(150 mmol/l NaCl) which has no ef fect on the in teg rity of the eryth ro cyte mem branes.

To quan tify the de gree of os motic fra gil ity the in flec tion point, c50, of the sigmoidal
curves for non-ir ra di ated and ir ra di ated blood sam ples was de ter mined. The in flec tion point
cor re sponds to the con cen tra tion of so dium chlo ride where we ob served the absorbance of
he mo glo bin equal to half of the max i mal absorbance value. We ob tained a sig nif i cant (p <
0.001) de crease in the c50 val ues from 72.25 ± 0.69 mmol/l of NaCl for the ir ra di ated blood
sam ples (532 nm, 30 mW, 31.7 J/cm2) to 70.74 ± 0.61 mmol/l of NaCl for the con trol sam -
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Fig. 1. Os motic fra gil ity curve for an ex am ple of (A) con trol blood sam ple and (B) 532 nm la ser ir ra di -
ated blood, both with a sigmoidal fit ac cord ing to Eq. (1).



ples. A de crease in os motic fra gil ity of the eryth ro cytes af ter ir ra di a tion by the green la ser
light is shown in Fig. 2. We ob served also a sig nif i cant (p < 0.001) de crease in the c50 value
from 71.45 ± 0.65 mmol/l of NaCl for the con trol sam ple to 67.68 ± 0.56 mmol/l of NaCl
for the ir ra di ated blood sam ple by 810 nm, 50 mW, 31.3 J/cm2 la ser light. For the in fra red
la ser, a de crease in the os motic fra gil ity was ob served as shown in Fig. 3.

4. Dis cus sion

In this study we ob tained the c50 val ues which were in the range of 50–75 mmol/l of so -
dium chlo ride cor re spond ing to the val ues in the blood of healthy per sons [7]. La ser ir ra -
di a tion of the hu man blood sam ples, both green (Fig. 2) and in fra red la sers (Fig. 3),
de creased the c50 val ues when com par ing to the non-ir ra di ated ones. That in di cates a de -
crease in the os motic fra gil ity of the eryth ro cytes. The main in di ca tor of the sus cep ti bil ity
of eryth ro cytes to the os motic pres sure is change in their shape, which is de pend ent on the
vol ume, sur face area and func tional state of the eryth ro cyte mem brane. Komorowska et
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Fig. 2. Ef fect of green la ser light (532 nm, 30 mW, 31.7 J/cm2) on os motic fra gil ity of hu man eryth ro -
cytes ex pressed as c50 val ues. The data are ex pressed as mean ±SEM of 9 in de pend ent ex per i ments.

Fig. 3. Ef fect of in fra red la ser light (810 nm, 50 mW, 31.3 J/cm2) on os motic fra gil ity of hu man eryth ro -
cytes ex pressed as c50 val ues. The data are ex pressed as mean ±SEM of 9 in de pend ent ex per i ments.



al. [8] shown, that 10 min of ir ra di a tion (700–2000 nm, 6.9 mW/m2) trans formed the
shape of eryth ro cyte cells from discoechinocytes to echinocytes.

Iijima et al. re vealed that the low power He-Ne la ser ir ra di a tion pro duces a pro tec tive
ef fect on eryth ro cyte mem branes, re duc ing os motic fra gil ity and sta bi liz ing the cell mem -
brane [9]. It is as sumed that the la ser ir ra di a tion in hib its the os motic fra gil ity of hu man
eryth ro cytes.

Cooling of blood pre vents eryth ro cyte dam age af ter 630 nm dye la ser ir ra di a tion be -
cause the ob served blood dam age caused by ir ra di a tion (210 mW/cm2) was mainly caused 
by un de sired heat ing up of the sam ple [10].

Con sidering bi o log i cal ac tion of the la ser light ir ra di a tion, it should be no ticed that
only the ab sorbed light en ergy can af fect the bi o log i cal ob ject. Con se quently, the pri mary
ques tion is what type of mol e cules are pres ent in the in ves ti gated sam ple and are able to
ab sorb the la ser light. In hu man eryth ro cytes, green light (532 nm) can be ab sorbed by
heme-con tain ing com pounds, es pe cially by he mo glo bin, but also by the en zymes such as
catalase and peroxidase. Light in the range of red and in fra red wave lengths is ab sorbed by
en zymes with porfyrin struc ture like catalase, cytochrome or superoxide dismutase. In
gen eral, af ter ab sorp tion of pho ton and pro mo tion of elec tri cally ex cited states, en ergy
trans fer and en ergy trans for ma tion ini ti ate a cas cade of bio chem i cal re ac tions and sig nal -
ing path ways [11] that can lead to a mea sur able bi o log i cal ef fect. Un for tu nately, these
pro cesses are not yet un der stood al though some pos si ble mech a nisms of light ac tion on
cells and on cel lu lar sig nal ing have been dis cussed re cently [12].

A re lease of the he mo glo bin into the supernatant in di cates dam age to the eryth ro cyte
mem branes or even com plete dis in te gra tion of the mem branes. We ob served a sig nif i cant
in crease in the os motic re sis tance of the ir ra di ated sam ple when com par ing to the con trol
one. The la ser ir ra di a tion per se did not have any harm ful ef fect on the phys i cal state of the 
mem branes.

We have as sumed it might even trig ger some biostimulation ef fect(s) on the eryth ro cyte
mem branes. Pre cise mech a nisms of the biostimulation re main ob scure at the time be ing.

It can be con cluded that low level la ser ir ra di a tion does not have any neg a tive ef fects
on the in teg rity of hu man eryth ro cyte mem brane.
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