Journal of Biophysical Chemistry, 2015, 6, 77-86 ’0’0 Scientific
Published Online August 2015 in SciRes. http://www.scirp.org/journal/jbpc 0020‘ gﬁﬁﬁg[“m

. . S 9
http://dx.doi.org/10.4236/jbpc.2015.63008

Enhancement of Human Blood Storage
Period by Irradiation of Low Level
He-Ne Laser

Samira M. Sallam?, Abdelsattar M. Sallam?, El-Sayed M. El-Sayed?, L. I. Abo Salem},
Mona M. Rizk!

1Department of Physics, Faculty of Science, Benha University, Benha, Egypt
2Department of BioPhysics, Faculty of Science, Ain Shams University, Cairo, Egypt
Email: drsmsallam@yahoo.com

Received 3 July 2015; accepted 11 August 2015; published 14 August 2015

Copyright © 2015 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

The aim of the present work is to investigate the effect of the He-Ne laser irradiation on the whole
human blood (HB) in order to enhance the conditions of conservation. The HB was irradiated by
He-Ne laser; (A = 632 nm, continuous wave, power 30 mW, 2 mm diameter beam spot), electrical
properties and complete blood count CBC were measured at three doses (0.0287, 0.0563 and 0.198
J/cm?) to the relevant best exposure dose during storage periods 9, 24, 30, 35 & 50 days. The ir-
radiation process with the selected dose was performed by the exposure of the laser beam on the
blood sample flow through narrow tube of cross section area, 0.0831 cm?2. Blood dielectric para-
meters, (electric conductivity, dielectric constant, dielectric loss and dipole moment) and CBC,
(red blood cell, white blood cell, hematocrit, hemoglobin, mean corpuscular volume, mean cor-
puscular hemoglobin, and mean cell or corpuscular hemoglobin in concentration) were measured.
The obtained results were compared with that of the control and showed that the best irradiation
exposure dose suitable for increasing the time of blood storage with minimum changes in proper-
ties is 0.198 J/cm3 and storage period of about 50 days. The present study revealed that irradia-
tion by He-Ne laser could be considered a good means to improve the conservation conditions of
human blood.
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1. Introduction

Biostimulation effects of laser irradiation on living organisms were found for three decades [1]-[4]. The inves-
tigation of the interaction of laser radiation with biological tissues is of great interest because it permits not only
obtaining information on their characteristics but also changing them [5].

The study of the low level laser irradiation effects on blood is very important in the process of revealing the
mechanisms of the action of laser radiation on biological tissues, as the blood is permanently composed of a di-
versity of cells whose membranes contains lipids, sugars and proteins. Blood plasma probably contains the most
diverse range of biological products among all tissues, some being intrinsic to other organs (amino acids, pro-
teins, lipids, hormones, antibodies and adjusting factors), exogenous substances or component substances (clot-
ting and defense enzymatic systems, such as complement, etc.). Some of the substances present in the blood may
act as primary acceptors of radiation [6]-[8].

Several clinical treatments with low-power laser irradiation have been applied to various pathologic processes,
such as wound healing and tissue repair, as well as remodeling [9]-[12] play a more or less important role in
achieving the biological effects [13]-[16].

There are widespread applications of low intensity laser irradiation in various areas of the medical field [11]
[12]. The new method that propose for the rejuvenation of preserved Blood (i.e. increasing the ratio of young to
old RBCs, a process that could possibly be explained by laser radiation enhancing hemolysis of old or non-
functional RBCs) using laser blood irradiation is suspected to be viable, efficient, low-cost, non-invasive and
pose non-invasive and pose no blood contamination risk. If this is true, the prospect for performing transfusions
using the irradiated blood will be good, in the treatment of some severe or hematological diseases (various types
of leukemia). The efficiency of this method was demonstrated when it’s recorded, after irradiation, a positive
modification of some markers of the blood’s functional integrity in relation to the non-irradiated samples. Some
studies have been reported on the effect of low power laser irradiation on human blood parameters, especially
for the parameter of RBC [17]-[20]. More research is needed to be done to understand the respond of this para-
meter with low level laser irradiation.

The most used laser of low level laser studies are He-Ne laser emitting light at a wavelength of 632.8 nm
[21]-[26]. There is a fact that low powered He-Ne laser irradiation produced a protective effect on RBC mem-
branes, reducing hypotonic hemolysis and stabilizing the cell membrane [27]. RBC, HGB and HCT were
strongly influenced by He-Ne laser action due to the strong absorption of irradiation light by HGB, but without
damaging the RBCs [28].

The blood as well as all biological tissues represents a special class of heterogeneous systems. It is a complex
system where various mechanisms of polarization such as dipole, Maxwell-Wagner’s, electrochemical, etc. can
be realized [29]. Any changes in blood physiology should produce changes in the blood electrical properties [30].
Dielectric properties of biological tissues depend mainly on the cellular tissue structure. They are used as a po-
werful tool for studying molecular and cellular parameters [31]-[33].

They are considered a good measure of the functional state of the membrane and cytoplasm of the cells (e.g.,
counter ion relaxation associated with intrinsic membrane changes, dipole reaction in cell membrane, conductiv-
ity transport in the extra-cellar medium and through the membrane and tissue water relaxation). Information
about tissue structure and composition, e.g. water content or presence of a tumor, might be obtained by measur-
ing the dielectric properties of the tissues [34]. The present study used He-Ne laser irradiation as a physical me-
thod for rejuvenation during preservation period.

The aim of the present study is to find whether as a result of low level He-Ne laser action, the possibility to
increase the viability of blood and get rejuvenation, in order to perform transfusion, as well as prolong its life
preserved at 4°C.

2. Materials and Methods

2.1. Blood

2.1.1. Subjects

Blood samples were obtained from 5 adult volunteers (female regular blood donors), after oral informed consent.
According to local laws, neither medical ethic committee approval nor written consent is required. Blood sam-
ples from donors were referred for the standard blood analyses. In order to ensure the request of blinding method,
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only the coordinator of the study has access to all gathered data.

2.1.2. Preparation of the Samples

Blood samples: were prepared from the whole blood of healthy donors, preserved in Macopharma bags, and
treated with CPD (sodium citrate as anticoagulant + P, D as preserver). CPD is used to store human blood for
periods of about 21 days. To have more samples per volunteer, the original bags were separated into smaller
bags prior to getting the blood each sample being able to collect about 10 ml of blood.

Blood bag: A Blood bag of 450 ml + 10% (Agarry) which contains CPDA-1 was used. Most blood collection
bags (adult) contain 63 ml CPDA anticoagulant Fresh human blood was obtained from ten healthydonor. Thirty
small bag samples were papered to determine the normal dynamics of some dielectric, blood count parameters
during the preservation period. They are divided into six groups stored, one control and five group’s irradiated
with He-Ne laser. The blood samples were storage before and after irradiation in transfused bags at 6°C - 8°C for
(9, 24, 30, 35 & 50) days. c¢) Irradiation method Irradiation was carried out using a source of He-Ne laser
(U.S.PAT. 311, 969), continues wave, 632.8 nm, 2 mm spot diameter, 30 mW, for three doses 0.0287, 0.0563
and 0.198 J/cm® to relevant the best exposure dose during storage periods 9, 24, 30, 35 & 50 days. The laser
beam was in contact to the narrow rubber tube through which blood flow, as shown in Figure 1 [1].

2.2. The Dielectric Measurements

The dielectric measurements were carried out using LCR meter bridge (HIOKI 3531, Japan) in the frequency
range 50 Hz to 100 KHz. A parallel plate conductivity cell was used with platinum electrodes, of area “A” 0.48
cm? and separating distance “d” 1 cm. The measured parameters were capacitance ¢ and conductance G and
consequently the dielectric constant £, the dielectric loss ¢” and the conductivity o, and electrical dipole moment
D could be calculated from the following relations;

cd
f— 1
E=TA 1
d
=G— 2
o=G— 2)
g"=¢'tand (3)

D /2kTAs @)
NC

where, T is the absolute temperature, N is Avogadro’s number, K is Boltzmann’s constant and C is the hemoglo-
bin concentration.

<4— Blood Bag

<4— He-Ne laser

beam

Figure 1. He-Ne Irradiation method.
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The plot of dielectric loss &” against the dielectric constant ¢’ is in the form of a semicircle whose center lies
below the abscissa and intersects the axis at the points ¢/, and &, (Figure 2). This is known as Cole-Cloe cir-
cle [35].

Since the center of the semicircle makes an angle an/2 rad with the points (&.) or (&, ). one can determine
relaxation time zq using the relation:

\' 1-a

—=(wr,

== (r,)
where 1, is the relaxation time and g, v are the distances on the cole-cole diagram (Figure 2). Knowing z,, the
value of the molecular relaxation time (z) is given by:

T=|:2€S’+€£i| (6)

’
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3. Results and Discussion

The human blood (HB) was exposed to continuous waves of 30 mW He-Ne laser, 632.8 nm and 2 mm spot di-
ameter through during preservation periods 9, 24, 30, 35, and 50 days. The obtained data of the dielectric para-
meters and CBC before and after irradiation are summarized in Table 1 and Figure 3.

Figure 3(a) shows the variation in conductivity (¢) of human blood with frequency after irradiation by three
doses (0.0287, 0.0563 and 0.198 J/cm®) of He-Ne laser in comparison with control values. It was found a de-
crease in the conductivity values for the three doses lower than that for control. The conductivity of dose 0.198
JICm? is the least decrease in conductivity in comparison with the other doses and hence it was selected and
taken as the suitable and best dose to be used in this work.

Figure 3(b) Indicates RBCs count for all doses. Figure 3(c) shows the variation in conductivity of HB con-
trol sample (un-irradiated) with the frequency during the storage periods. It was found that the conductivity in-
creases with the running storage days 9, 24, 30, 35, & 50. This increase may be attributed due to complex com-
ponents of HB; plasma, RBC;, water content, etc..., and to some hemolysis of RBCs, during preservation period.

" o

Figure 2. The cole-cole semicircle.

Table 1. The dielectric parameters for control and irradiated samples versus preservation days.

Storage Ae x 10° a 7x10°° 7 (cole) x 10°° Dx 10" fs (H2)

period

(days) Control  Irrad.  Control  Irrad.  Control  Irrad.  Control  Irrad.  Control  Irrad.  Control Irrad.
9 204 206 0119  0.106 5059 482 337.26 3213 4.18 4205 3075  330.19
24 212 196 0.113 0101 51828 537.6 34559 3584 4.26 4102  307.08 296.04
30 206 154 0.107  0.0947 536.76 546.1  357.33  364.1 4.20 3636 2965 2914
35 204 204 0.101  0.0885 6659 563 4439 37533  4.18 4184  238.97 2826
50 208 210 0.0947  0.0822  680.5 641.8  453.66 427.86 422 4.245 233.8 247
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Figure 3. The obtained data of the dielectric parameters and RBCs count before and after ir-
radiation, (a) conductivity of control and irradiated (0.0287, 0.0563 and 0.198 J/cm?® doses)

samples after 50 days; (b) RBC, counts of control and irradiated samples for different doses;
(c) conductivity versus frequency of control samples during storage days (9, 24, 30, 35 & 50).

The changes in HB conductivity due to laser irradiation dose of 0.198 J/cm® during storage periods 9, 24, 30,
35 and 50 days is shown in Figure 4.

The conductivity of irradiated HB samples showed the same behavior of change with frequency as that of
control samples but with lower values for all days of storage. This drop in conductivity may be attributed to the
energy obtained by hemoglobin and oxygen activation and also due to laser irradiation which in turn lead to an
increase in the cell membrane resistance which become more protective with increasing the storage period.

The relation between the dielectric loss (¢") and dielectric constant (¢) of the human blood , in the frequency
range from 50 Hz to 100 kHz is shown in Figure 5, which represents Cole-Cole plots of the complex dielectric
spectrum of blood before and after the effect of He-Ne laser irradiation during preserved days at 0.198 J/cm®
dose.

It is clear from these figures that cole-cole plot for all samples were semicircles in which the control days are
lower than that the irradiated . This is due to the increase in dielectric constant ¢ and dielectric loss " values after
irradiation in comparison with control values. The increase in ¢ is perhaps due to higher polarization of ions in
RBC, and water, while the increase of dielectric loss is due to the increase in dipole moment after irradiation as
shown in Table 1. It was observed that values of Ae of RBCs after irradiation increased by an average value
1.03% compared with control value.

The center of the semicircles is not located at the x-axis, but deviated below that axis where the radius of the
circle making an angle (an/2) with the ¢ axis. Tan an/2 is determined and hence the phase angle («) is calculated.
The experimental data of the variation in dielectric loss ¢” of HB with permittivity ¢ for control sample (without
irradiation) and irradiated samples during preservation days and other dielectric parameters calculated from the
last figures are summarized in Table 1.

The blood was collected in bags with anticoagulant and preserving solution undergoes, through conservation
days (9, 24, 30, 35, and 50) at 4°C to 6°C, a natural process of aging or destruction because of stress. The CBC is
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favored process for getting the information about the functional state of the blood during storages days for con-
trol and irradiated samples as shown in Table 2.

The complete blood count CBC, represented the parameters, (red blood cell, RBC, white blood cell, WBC,
hematocrit, HCT, mean corpuscular volume, MCV, mean corpuscular hemoglobin, MCH, and corpuscular he-
moglobin in concentration, MCHC, as in Table 2.

The increase in A¢ of RBC after irradiation is due to cell membrane activation of laser stimulus, which in turn
cause diffusion of K*, Na" ions and absorption of laser energy by hemoglobin, these leading that the Na-K pump
performed to recovery of cell membrane, while the increase in WBC in control samples perhaps due to defense
of this cells for any abnormal variations in blood as the cell membrane of RBC is damage or its hemolysis while
the decrease of WBC after irradiated during preservation refer to recovery of cell membrane and excess of pro-
tective of blood cell produced from the effects He-Ne laser at dose 0.198 J/cm®.

The increase in hematocrit HCT is due the increase in RBC; [36]. Dan Georgel Siposan and Stefan Bobe,
2010 reported that, the complete recovery of the deposits is achieved by circulation within a few days after the
transfusion. Though the hematocrit and hemoglobin clinically were increases immediately after transfusion.
They suggested that the quantity of transfused blood for ensuring a normal oxyphoric function has to be ap-
proximately 10% larger than the estimated quantity (400 - 450 ml of blood in order to increase hemoglobin by 1
9/100ml of blood).

The values of MCV after irradiated slowly decreases than control values. Also MCH and MCHC values were
slowly increases than control as shown in Table 2. These results due to that K* ions concentration exhibit a
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Figure 4. The variation in HB after laser irradiation by 0.198 J/cm® dose in comparison with control values during storage

periods 9, 24, 30, 35 & 50 days.

Table 2. CBC parameters of control and irradiated samples versus storage days.

RBC, WBC HCT (%) MCV (um®) MCH (pg) MCHC (%)
P Control Irrad  Control Irrad  Control Irrad  Control Irrad Control Irrad Control Irrad
9 3.84 4,01 45 4.6 34.2 344 86.7 85.9 30.2 29.9 34.8 34.9
24 413 421 7.1 31 34.5 35.4 86.5 84.1 28.8 29.5 345 35
30 3.67 4 8.8 55 314 34.6 85.5 86.6 30 30.3 35 35
35 4,01 4.08 9.2 51 33.2 35.2 87.5 88.5 30.5 30.6 35.1 35.1
50 4.1 421 10.1 4.7 37.1 38.1 90.5 90.4 32 321 35.3 354
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Figure 5. (a) The relation between the dielectric constant (¢) and dielectric loss (¢") for control
with preserved days; (b) the relation between dielectric constant (¢) and dielectric loss (¢") after ir-
radiation with 0.198 J/cm?® of He-Ne laser at preserved days (9, 24, 30, 35 & 50).

slight trend toward decrease and the Na* ions increase for certain dose (0.2 J/cm®) agree with [36], this mean
that the cell membrane return to normal condition and the shape of red blood cell remains constant, i.e. which
laser radiation acts towards maintaining the shape of cells .The nearly stable of blood parameters after irradia-
tion refer to the stable of red blood cell shape and not variable of skeleton. This accorded with Iglic et al. 1998,
who [37] investigated that RBC, shape may be altered by varying different chemical and physical conditions
which affect the properties of the membrane and volume of the cell, also other studies [38] [39] stated that RBC;,
maintain its shape by the filamentous network and stability of the lipid bilayer of the red cell membrane. The in-
tegrity of this protein has been shown to require red cell metabolism, specifically ATP production and cyclic
nucleotide availability.

The total conductivity (o) of materials depends, in general, on its chemical composition, and hence the living
tissues conductivity may also be affected by the changes in their chemical composition is very important be-
cause it may reflect the health status of the human.

From the obtained results it is evident that, the high value of the control conductivity (¢) during storage days
may be attributed to the high value of the membrane capacitance and conductance due to roughly explicable
considering that the microvillus structure allows an higher ionic permeation with an increase of the ionic hydra-
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tion and also due to the inner solution (ionic hemoglobin) in RBC, [40]. As we notice from Figure 3; conductiv-
ity of whole human blood of control storage days increases with time due to the capacitance determines the
amount of charge that can be stored across a membrane when a cell is exposed to an electric field [41]. Each
living cell in the suspension assumes the behavior of a tiny electrical capacitor and the overall capacitance of the
suspension rises as a function of the total biovolume (i.e. the volume fraction of the suspension which is en-
closed by an intact membrane).

The results of CBC analysis support the dielectric parameters measurements, the conductivity of HB after ir-
radiation decreases than its control value as in Figure 4, despite the increase of red blood cells count; this is due
to increased polarization and also increases resistance of cell membrane rejuvenation (return after effect of
He-Ne laser). This refer to the charged ions inside the cells are constrained to the cell volume. Trapped inside
the membrane, the ions accumulate at the sides of the cell, and the cell becomes polarized. Clearly, only cells
with undamaged membranes capable of electrical insulation contribute to the increase in capacitance [42]. This
result agrees with [43], reported that the conductivity depends on the dynamical ionic transport through the
membrane, so it is a measure of the permeability of the cell membrane. The permittivity is a measure of its pola-
rizability in the electric field. It is related to the structure arrangement of the lipid bilayer and also to the con-
formation and localization of proteins in the membrane [44]. This polarization doesn’t occur instantaneously,
and the associated time constant is called the relaxation time, 7 [45].

The dielectric loss curve can be evaluated by calculating its total area. It is proportional to the total concentra-
tion of dipoles in blood. The values of dipole moment for hemoglobin are registered in table [1] for control and
after irradiation respectively. Its decrease in control than in irradiation during preserved days may be due to that
the human blood (HB) after irradiation becomes higher stable in structure than control during preserving days.
Consequently, the induced dipole moment goes through dispersion and decreases with increasing frequency.

4. Conclusions

In this study we had investigated the variation in HB dielectric parameters (o, &', ", ¢ & D), due to laser irradia-
tion as indication on the membrane structure and molecular motion. We mainly followed the conductivity varia-
tion, corroborated with polarization of &', ¢" and dipole moment D. Also, this study investigates the variation in
CBC parameters; RBC, WBC, HCT, MCV, MCH and MCHC, for irradiated and non-irradiated blood, as a
function of preservation periods. In case of CBC parameters we mainly followed MCV, variation, corroborated
with MCHC, MCH.

Generally, He-Ne laser radiation acts in the direction of maintaining the shape of cells, without leading to
negative effect as spherocytosis and hemolysis, which normally occur in non-irradiated blood during the preser-
vation period.

The obtained data suggested that most of the parameters under measurement were significantly modified by
low level He-Ne laser effects with action of dose 0.198 J/cm®, and consequently positively influenced on the
preserved days.

The present study revealed that irradiation by He-Ne laser could be considered a good means to improve the
conservation conditions of human blood.
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