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Introduction 
There are widespread applications of low intensity laser irradiation 

in various areas of the medical field [1,2]. In 1989, 10.1% of all blood 
components transfused in the USA were irradiated to prevent the graft-
versus-host disease and the percentage has certainly increased in more 
recent years [3]. Some experts even advocate universal irradiation of 
cellular blood components [4]. This experimental medicine practice 
requires detailed information on the mechanisms of their biological 
effects and the increasing understanding of the wavelength selective 
interaction and associated effects of laser irradiation acting on biologic 
tissue [5,6]. Despite the fact that the response of blood to the action 
of a low intensity laser radiation gives important information on the 
mechanism of interaction of laser irradiation with a living organism 
[7,8]. A wide research exists on the use of low intensity laser irradiation 
in different experimental biological models. The most used laser of low 
level laser thereby studies are He-Ne laser emitting light at a wavelength 
of 632.8 nm [5,9,10-13]. Although some studies have been reported on 
the effect of low power laser irradiation on human blood parameters, 
especially for the parameter of RBC [7,14-16]. More research is needed 
to be done to understand the respond of this parameter with low level 
laser irradiation. The goal of the present work was to study the effect of 
non-coherent light (solar light) and He-Ne laser irradiation on osmotic 
fragility of red blood cells and complete blood count (CBC). 

Materials and Methods
The human blood samples are obtained from donors, who were 

referred for various blood analyses, to assess the effect of non-coherent 
and coherent light on complete blood picture (CBC) and osmotic 
fragility.

Materials

1. EDTA anticoagulant from Sigma Company.

2. All the chemicals used for the preparation of reagents for the
measurement of haemolysis were of annular grade and purchased
from Merck Chemicals Ltd.

Instrumentation 

1. Oriel Solar Simulator (Manufactured by Oriel, Corporation, USA).
Oriel Solar Simulator which closely matches the light of the solar
spectrum.

2. Laser light obtained from He-Ne laser at maximum power density
10 mW (632 nm, beam spot diameter 2 mm) was used as radiation
source.

3. CCD camera microscope present in National Institute of Laser
Enhanced Science Cairo University.

4. Sysmex hematology analyzer (Sysmex KX-21, TOA Medical
Electronic, Co, Kobe, Japan) for measurements of complete blood
count. This apparatus found in central laboratories of ministry of
health.

Preparation of the samples

Measurements of different parameters were performed immediately 
after irradiation (from 30 min-1 hour). Blood samples obtained from 
each of 40 donors, (20 donors for irradiation by non-coherent and 20 
donors for irradiation by He-Ne laser) who were referred for various 
blood analysis, 6 ml of blood were immediately treated with EDTA 
anticoagulant. Then the entire blood volume from first 20 individual 
donors were separated into 2 equal volumes and inserted into tubes of 
1 cm diameter (one control and the anther for He-Ne laser irradiation). 
To assure its homogeneity, the blood was stirred gently before and 
during irradiation in all samples at 3 min intervals approximately. 
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The other 20 donors for irradiation with non-coherent light, the 
blood put in Petri dish of 5 cm diameter and exposed to the light of 
solar simulator apparatus.

While in case of irradiation with He-Ne laser the setup is putting 
the blood in the tube of 1 cm diameter and length 6 cm. All the samples 
were used for measurements of osmotic fragility and CBC. The blood 
samples were all irradiated at room temperature (23 ± 2°C)

Irradiation procedure

Light irradiation of non-coherent light: The non-coherent light 
obtained from very high intensity sources closely match solar spectra 
(Oriel Solar Simulator). For an assessment of non-coherent light effects, 
the samples of human blood are divided into two aliquots one control 
and the second for irradiation with non-coherent light In case of non-
coherent light human blood irradiated in Petri dishes has diameters 5 
cm. in horizontal position at height of about one foot long solar light 
source. In this study we used spectrum with ultra violet. (Manufactured 
by Oriel, Corporation, USA). Output power 400 mW, and exposure 
time 10 min, fluence is 12.2 J/cm2

Light irradiation of He-Ne laser: For an assessment of coherent 
light effects the samples of human blood are divided into two aliquots 
one control and the second for irradiation with He-Ne laser. The 
coherent light obtained from He-Ne laser at maximum output power 10 
mW (632 nm, beam spot diameter 2 mm) was used as radiation source.

The laser was continuous wave type, irradiating the blood samples 
directly (with no fiber optic), from up to down (only one point in 
the center of the test tube) and at perpendicular incidence on blood 
surface. The ratio between the beam spot and the test tube diameter 
was ≈ 2 mm/10 mm. so that 4% of the blood surface only was irradiated 
directly. It is obvious that a small part of the superficial cells or molecules 
only received the power density of laser mentioned above and the laser 
energy then spread into the entire blood volume. This irradiation dose 
was considered to be the laser energy per volume unit (J/cm3) rather 
than the laser energy per area surface unit (J/cm2).The laser output 
power is 10 mW, irradiation time is 30 min and the fluence is 9 J/cm3 

For non-coherent light (solar light) the equation will be:-

               Power (watt) × time (Seconds)

Fluence=------------------------------------

                       Area

             

              0.400 × 10 × 60

=-------------------------=12.2 cm2

                3.14 × (2.5)2

For He-Ne Laser the equation will be:-

            Power (watt) × time (second)

Fluence=------------------------------------

                    Volume

                0.010 × 30 × 60

=-------------------------=9 /cm3  

                   2 ml

In this study we measure the following parameters:

CBC measurements: CBC measurements include 13 parameters, 
these are white blood cells, or leucocytes number (WBCs), red 
blood cells or erythrocytes count (RBCs), quantity of hemoglobin 
(HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean 
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin 
concentration (MCHC), Platelet or thrombocytes count (PLT), Red cell 
distribution width (RDW) and Mean platelet volume (MPV).                                                                          

Blood counts were performed on EDTA anticoagulated blood 
using an automated counting device (Sysmex KX-21, TOA Medical 
Electronic, Co. Kobe, Japan) 

Measurement of erythrocytes osmotic fragility: Osmotic fragility 
of erythrocytes is a measure of resistance of erythrocytes to haemolysis 
by osmotic stress. The test consists of exposing red cells to decreasing 
strength of hypotonic saline solutions and measuring the degree of 
haemolysis colorimetrically at room temperature. The percentage 
of haemolysis is plotted on the vertical axis against decreasing saline 
concentration on the horizontal axis. Asymmetrical curve, sigmoidal in 
shape, is obtained in most subjects. It is essentially useful to record the 
concentration of sodium chloride solution causing 50% lysis (i.e. the 
median corpuscular fragility).

The extent of haemolysis in various concentrations of sodium 
chloride, buffered with phosphate at pH 7.4 was determined by the 
method described by Dacie and Lewis [17].

 The following solution/reagents were used for the measurement of 
hemolysis:

Stock solution of buffered sodium chloride, osmotically equivalent 
to 10% NaCl: 

NaCl,               90 gm 

Na2HPO4          13.65 gm 

NaH2PO4           2.43 gm

All these salts were dissolved in distilled water and the final volume 
was adjusted to one liter. This solution was kept in well stoppered bottle 
at room temperature. Practically osmotic fragility of erythrocytes was 
determined as follow: - The blood, 0.1 ml is mixed with 2.5 ml of citrate 
saline (1 part of 3.8% sodium citrate to 9 parts of 0.9% NaCl, pH 7.0). 12 
tubes are prepared containing 5 ml of the following concentration 0.3%, 
0.32%, 0.34%, 0.36%, 0.38%, 0.4%, 0.42%, 0.44%, 0.46%, 0.48%, 0.5%, 
and 0%. To each of this dilution, is added 0.2 ml of the blood-citrate-
saline mixture. The tubes are allowed to stand at room temperature for 
10 minutes, and are then agitated and centrifuged at 2000 rpm for 10 
minutes (Figure 1). The contents of each tube are then decanted into 
a 1 cm cuvette, and the hemoglobin in the supernatant measured in a 
spectrophotometer at 540 nm. The degree of hemolysis was calculated 
on assumption that the absorbance of a sample hemolyzed with distilled 
water equaled 100% (0.0 NaCl).

Percentage of hemolysis at each concentration of hypotonic saline 
was calculated as follows:
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             100

% lysis=----------------- × O.D. at the given concentration (O.D. at 
complete lysis of NaCl)               

where O.D. is optical density.  

Results   
The results of the effects of non-coherent light and coherent light 

on human blood in vitro for CBC parameters of 40 donors before and 
after irradiation are shown in the following tables. A positive results in 
which the relative variation (R.V.) exceeded its relevant interval (R.I.). 
R.V. of a given blood parameter is the difference between its value 
after irradiation and before irradiation, divided by the value before 
irradiation. 

R.V=∆X/X (where ∆X is difference between before and after 
irradiation).

R.I. % is the ratio between the difference of its maximal and minimal 
normal value (divided by 2) and the mean value of the same maximal 
and minimal normal value R.I.=(max–min normal value/max+min 
normal value)/2

The effect of non-coherent light on CBC

WBC: leukocyte count; normal values ranging between 6 and 8 
thousands /mm3.

Our experimental data (Table 1) indicated that the relative 
variations of WBC ranged between -5.6% and 15% (P value=0.177). 
Non-coherent light effect was relevant in 5% of cases (R.I.=14.3%). In 
14 cases out of 20, the variations were positive, they were negative in 5 
cases and no effect was noticed in one case.

RBC: Erythrocytes count; normal values ranging between 4.5 and 
5.4 millions/mm3.

 Our experimental data (Table 1) indicated that the relative variations 
of the RBC ranged between 10.7% and 23.2% (P value=0.0001). The 

non-coherent light effect was relevant in 70% of cases (R.I.=9%). In 16 
cases out of 20, the variations were positive and in 4 cases were negative.

HBG: Hemoglobin concentration, normal values ranging between 
14 and 16 gm/dl.

Our experimental data (Table 1) indicated that the relative 
variations of HBG ranged between -4.2% and 17.2% (P value=0.0001). 
The non-coherent light effect was relevant in 50% of cases (R.I.=6.6%). 
In 18 cases out of 20, the variations were positive, and in two cases they 
were negative.

HCT: Hematocrit, normal values ranging between 45 and 45%.

Experimental data (Table 1) indicated that the relative variations of 
HCT ranged between -4.5% and 8.9% (P value=0.0001). Non-coherent 
light effect was relevant in 75% of cases (R.I.=2.27%). In 18 cases out of 
20, the variations were positive and in 2 cases they were negative.

MCV: Mean corpuscular volume, normal values ranging between 
82 and 94 μm3.

Experimental data (Table 1) indicated that the relative variation 
of MCV ranged between -20% and 23.2% (P value=0.0365). The non-
coherent light effect was relevant in 20% of cases (R.I.=2.27%). In 5 cases 
out of 20, the variation was positive, and 17 cases they were negative.

MCH: Mean corpuscular hemoglobin, normal values ranging 
between 25 and 33 picograms.

Experimental data (Table 1) indicated that the relative variations of 
the MCV ranged between -20.9% and 20.5% (P value=0.1139). Non-
coherent light effect was relevant in 5% of cases (R.I.=13.8%). In 8 cases 
out of 20, the variations were positive, and 12 cases they were negative.

MCHC: Mean corpuscular hemoglobin concentration, normal 
value ranging between 32 and 36 %.

Experimental data (Table 1) indicated the relative variations of 
MCHC ranged between -6.3% and 9.8% (P value=0.1145) Non-coherent 
light effect was relevant in 20% of cases (R.I.=5.88%). In 14 cases out of 
20, the variations were positive, and 6 cases they were negative.

PLT: Platelet or thrombocytes count, normal values ranging 
between 250 and 400 thousands/mm3.

Experimental data (Table 2) indicated that the relative variation 
of the PLT ranged between -4.2% and 7.3% (P value=0.2254). Non-
coherent light was not relative in any case 0% (R.I.=23%). In 8 cases out 
of 20, the variations were positive, and in 12 cases they were negative.

RDW: Red cell distribution width, normal values ranging between 
14 and 16% are determined by automatic hemo-analyzer only. 
Experimental data (Table 2) indicated that the relative variations of the 
RDW ranged between 6% and 4.9% (P value=0.1665). The non-coherent 
light effect was not found to be relevant in any cases (R.I.=6.6%). In 12 
cases out of 20, the variations were positive, and in 6 cases they were 
negative and no effects in two cases.

 MPV: Mean platelet volume, normal values ranging between 6 and 
7 μm3.

Experimental data (Table 2) indicated that the relative variations of 
the MPV ranged between -10.8% - 12.5% (P value=0.3847). The non-
coherent light effect was relevant in 10% of cases (R.I.=7.7%). In 14 
cases out of 20, the variations were positive, and in 5 cases they were 
negative, and in one case no effect.

Figure 1: Osmotic fragility test of erythrocytes.

Statistics analysis:  In this work, the most crucial concern is the 
difference between the control and laser irradiation thus a paired t-test 
was used to evaluate the difference between the irradiated samples 
and non-irradiated control. All statistical analysis was performed with 
statistical package graph Pad software (Graph Pad software, Inc. San 
Diego, California, USA). For those with significant difference, the 
percentage of relative variance (R.V.) was calculated to evaluate the 
extent of the relative change between irradiated and non-irradiated 
samples.
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The effect of non-coherent light (solar light) on  human blood after 10 min irradiation (irradiance 12.2 J/cm2)

WBC RBC HBG HCT MCV MCH MCHC
Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V.

1 9.0 9.2 2.2 4.63 5.1 10.2 10.0 11.1 11 32.0 9.2 8.1 69.1 67.84 -1.8 21.6 21.76 0.7 31.3 32.08 2.5
2 7.4 7.4 0 4.49 5.43 20.9 12.7 12.8 0.8 38.7 7.4 3.6 86.2 73.8 -14.4 28.3 23.57 -16.7 32.8 31.92 -2.7
3 4.9 5.5 12.2 4.37 4.9 12.1 11.7 12.9 10.3 35.0 5.5 5.7 80.1 75.5 -5.7 26.8 26.33 -1.8 33.4 34.86 4.4
4 9.6 9.3 -3.1 4.44 4.85 9.2 12.1 13.0 7.4 35.0 9.3 3.4 78.8 74.6 -5.3 27.3 26.8 -1.8 34.6 35.91 3.8
5 6.8 7 2.9 4.79 5.61 17.1 13.4 14.2 6 37.5 34.6 4.3 78.3 69.7 -11 28 25.31 -9.6 35.7 36.31 1.7
6 9 8.5 -5.6 4.97 5.42 9.1 11.3 11.9 5.3 33.7 40.1 4.2 67.8 64.8 -4.4 22.7 21.95 -3.3 33.5 33.90 1.2
7 7.7 7.5 -2.6 4.54 5.44 19.8 11.6 12.0 3.4 35.3 37.0 5.1 77.8 68.2 -12.3 25.6 22.05 -13.9 32.9 32.34 -1.7
8 6.7 6.9 3 5.41 6.55 21.1 16.5 15.8 -4.2 48.9 36.2 1.2 90.4 75.6 -16.4 30.5 24.12 -20.9 33.7 31.91 -5.3
9 9.6 10.3 7.3 4.79 4.53 -5.4 13.8 14.2 2.9 42.2 39.1 2.1 88.1 95.1 7.9 28.8 31.34 8.8 32.7 32.94 0.7
10 5.4 5.5 1.9 4.43 5.15 16.3 13.9 14.2 2.2 44 35.1 -4.5 99.3 81.55 -17.9 31.4 27.57 -12.2 31.6 33.8 6.5
11 9.7 10.1 4.1 4.84 5.20 7.4 10.6 11.9 12.3 33.5 37.1 4.5 69.2 67.30 -2.7 21.9 22.88 4.5 31.6 34 7.6
12 3.8 4.1 7.9 5.05 6.22 23.2 13.0 13.6 4.6 41.4 49.5 -1.4 82.0 65.59 -20 25.7 21.86 -14.9 31.4 33.3 6.1
13 6.6 7.5 13.6 4.30 5.00 16.3 11.8 12. 7 7.6 36.6 43.1 5.7 85.1 77.4 -9 27.4 25.4 -7.3 32.2 32.8 1.9
14 8.4 9.1 8.3 4.59 4.1 -10.7 11.8 12.7 7.6 36.4 42 4.4 79.3 92.68 16.9 25.7 30.97 20.5 32.4 33.4 3.1
15 7.4 7.2 -2.7 3.79 3.58 -5.5 11.2 10.8 -3.6 33.0 35.0 1.8 87.1 93.85 7.7 29.6 30.16 1.9 33.9 32.1 -5.3
16 11.8 12.0 1.7 4.44 5.15 16 10.9 12.0 10.1 32.5 40.8 8.3 73.2 68.3 -6.7 24.5 23.3 -4.9 33.5 34.1 1.8
17 6.0 6.9 15 4.61 5.19 12.6 12.2 14.3 17.2 36.1 38.7 6.6 78.3 74.2 -5.2 26.5 27.6 4.2 33.8 37.1 9.8
18 7.4 7.8 5.4 4.79 5.50 14.8 11.6 12.5 7.8 34.8 38.0 3.7 72.7 65.6 -9.8 24.2 22.7 -6.2 33.3 34.6 3.9
19 6.9 7.1 2.9 4.18 4.5 7.7 10.3 11.1 7.8 30.4 33.6 8.9 72.7 73.55 1.2 24.6 24.67 0.3 33.9 33.53 -1.1
20 11.3 11.1 -1.8 4.40 4.35 -1.1 9.7 9.9 2.1 30.1 35.2 9 68.4 75.4 23.2 22.0 22.76 3.5 32.2 30.18 -6.3

Mean               
±                   

SD

7.770  ±   
2.051 

8.000  
±  

1.965

4.593 ± 
0.3458

5.089
±

0.6804

12.011 
± 1.582

12.68 
± 

1.428

36.36 
± 

4.726

37.78 
± 

3.996

79.20 
± 

8.387

75.03 
± 

9.280

26.16 
± 

2.851

25.16 
± 

3.074

33.02 
± 

1.135

33.55 
± 

1.666

P 
value 0.177 0.0001 0.0001 0.0001 0.0365 0.1139 0.1145

Table 1: The effect of non-coherent light (solar light) on human blood after 10 min irradiation (irradiance 12.2 J/cm2).

The effect of non-coherent light (solar light) on  human blood after 10 min irradiation (irradiance 12.2 J/cm2)

PLT RDW MPV Lymph MONO GRAN
Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V.

1 396 381 -3.8 12.1 11.8 -2.5 10.1 10.5 4 48.9 45.7 -6.4 8.9 7.60 -14.6 42.2 44.6 5.7
2 280 271 -3.2 13.1 13.4 2.3 20.4 18.2 -10.8 40.5 39.2 -3.8 10.8 10.8 0 48.6 50 2.9
3 274 265 -3.3 11.7 11.5 -1.7 11.1 11.0 -0.9 59.2 50.9 -14 12.2 12.7 4.1 28.6 25.5 -10.8
4 361 371 2.8 10.0 10.5 5 8.7 9.1 4.6 31.3 29.0 -7.3 10.4 9.7 -6.7 58.3 64.5 10.6
5 272 266 -2.2 10 10.1 1 8.7 9.1 4.6 32.4 34.3 5.9 13.2 11.4 -13.6 54.4 51.4 -5.5
6 301 295 -2 9.3 9.6 3.2 10.2 11.0 7.8 64.4 63.5 -1.4 7.8 8.2 5.1 27.8 34.1 22.7
7 419 402 -4.1 11.6 11.0 -5.2 9.5 9.8 3.2 32.5 32.4 -0.3 6.5 5.8 -10.8 67.5 70.7 4.7
8 227 239 5.3 14.9 15.3 2.7 11.4 12.1 6.1 32.8 33.3 1.5 4.5 4.3 -4.4 62.7 59.4 -5.3
9 285 273 -4.2 13.3 13.5 1.5 12.4 12.6 1.6 30.2 29.1 -3.6 9.4 6.8 -27.7 60.4 57.3 -5.1
10 214 215 0.5 13.4 12.6 -6 14.3 14.3 0 29.6 29.1 -1.7 9.3 10.9 17.2 61.4 60 -1.8
11 310 315 1.6 11.5 11.8 2.6 9.6 10.1 5.2 60.8 56.4 -6.2 10.3 10.9 5.8 28.9 28.7 -0.7
12 186 180 -3.2 11.4 11.4 0 16.4 16.3 -0.6 50 48.8 -2.4 13.2 12.2 -7.6 36.8 31.7 -13.9
13 151 162 7.3 12.5 12.3 -1.6 16.8 15.7 -6.5 22.7 25.3 11.5 10.6 8 -24.5 66.7 54.7 -18
14 263 261 -0.8 11.7 12.1 3.4 11.6 11.9 2.6 48.80 47.3 -3.1 16.7 16.5 -1.2 34.5 28.6 -17.1
15 149 153 2.7 12.6 13 3.2 13.3 13.1 -1.5 44.6 43.1 -3.4 8.1 9.7 19.8 47.3 50 5.7
16 624 615 -1.4 14 14.2 1.4 9.7 9.9 2.1 59.3 59.2 -0.2 14.4 14.2 -1.4 26.3 25 -4.9
17 239 247 3.3 10. 7 10.7 0 10.7 11.1 3.7 51.7 43.5 -16.2 11.7 8.7 -25.6 36.7 34.8 -5.2
18 430 429 -0.2 10. 2 10.7 4.9 8.6 9.1 5.8 62.2 60.3 -3.1 13.5 14.1 4.4 24.3 20.5 -15.6
19 500 488 -2.4 9.5 9.3 -2.1 9.7 10.1 4.1 60.9 56.3 -7.6 17.4 18.3 5.2 21.7 22.5 3.7
20 388 391 0.8 12.2 12.6 3.3 8.0 9.0 12.5 61.1 59.5 -2.6 13.3 14.4 8.3 25.7 27.9 8.6

Mean               
±                   

SD

313.5 
±

119.5

311.0
±

115.5

11.74
±

1.546

11.87
±

1.574

11.56
±

3.228

11.70
±

2.630

46.20
±

13.64

44.31
±

12.33

11.11
±

3.244

10.76
±

3.591

43.04          
±            

15.85

42.10           
±            

15.82

P value 0.2254 0.1665 0.3847 0.0070 0.2655 0.3416

Table 2: The effect of non-coherent light (solar light) on human blood after 10 min irradiation (irradiance 12.2 J/cm2).
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 Lymph: Lymphocyte number, in concentration, normal values 
ranging between 20 and 35%.

Experimental data (Table 2) indicated that the relative variations 
of the lymphocyte number ranged between -16.2% and 11.5 % (P 
value=0.0070). The non-coherent light effect was not found to be 
relevant in any instance (R.I.=25%). In 3 cases out of 20, the variations 
were positive, and in 17 cases they were negative.

 Mono: Monocytes number, in concentration, normal values 
ranging between 5 and 10%.

Experimental data (Table 2) indicated that the relative variations 
of the monocytes ranged between -27.7% and 19.8% (P value=0.2655). 
The non-coherent light effect was not relevant in any case (R.I.=33%). 
In 8 cases out of 20, the variations were positive, and in 11 cases they 
were negative and no effect in one case.       

GRAN: Granulocytes number, in concentration, normal values 
ranging between 60-68%.

Experimental data (Table 2) indicated that the relative variation of 
the Gran ranged between -18% and 22.7% (P value=0.3416). The non-
coherent light effect was relevant in 15% of cases (R.I.=6.25%). In 8 
cases out of 20 the variations were positive and in 12 cases they were 
negative. 

The effect of He-Ne laser on CBC

WBC: Leukocyte count; normal values ranging between 6 and 8 
thousands /mm3.

Experimental data (Table 3) indicated that the relative variations of 
WBC ranged between -9.1% and 14.8% (P value=0.5603). He-Ne laser 
irradiation effect was relevant in 10% of cases (R.I.=14.3%). In 10 cases 
out of 20, the variations were positive; they were negative in 10 cases. 

RBC: Erythrocytes count; normal values ranging between 4.5 and 
5.4 millions/mm3.

Experimental data (Table 3) indicated that the relative variations 
of the RBC ranged between -6.1% and 21.7% (P value=0.0001). He-Ne 
laser irradiation effect was relevant in 30% of cases (R.I.=9%). In 19 
cases out of 20, the variations were positive and in 1 case were negative.

HBG: Hemoglobin concentration, normal values ranging between 
14 and 16 gm/dl.

Experimental data (Table 3) indicated that the relative variations of 
HBG ranged between -0.8% and 16.8% (P value=0.0001). He-Ne laser 
irradiation effect was relevant in 40% of cases (R.I.=6.6%). In 19 cases 
out of 20, the variations were positive, and in one case it was negative.

HCT: Hematocrit, normal values ranging between 45 and 45%.

Experimental data (Table 3) indicated that the relative variations 
of HCT ranged between 0.3% and 8.2% (P value=0.0001). He-Ne laser 
irradiation effect was relevant in 75% of cases (R.I.=2.27%). In all cases 
of 20, the variations were positive.

MCV: Mean corpuscular volume, normal values ranging between 
82 and 94 μm3.

Experimental data (Table 3) indicated that the relative variation of 
MCV ranged between -15.7% and 11% (P value=0.1107). He-Ne laser 
irradiation effect was relevant in 15% of cases (R.I.=2.27%). In 6 cases 
out of 20, the variation were positive, and 14 cases they were negative

MCH: Mean corpuscular hemoglobin, normal values ranging 

between 25 and 33 picograms.

Experimental data (Table 3) indicated that the relative variations 
of the MCH ranged between -13.3% and 11.8% (P value=0.3657). He-
Ne laser irradiation effect was relevant in 0 % of cases (R.I.=13.8%). In 
9 cases out of 20, the variations were positive, and 10 cases they were 
negative. And in one case no effect. 

PLT: Platelet or thrombocytes count, normal values ranging 
between 250 and 400 thousands/mm3.

Experimental data (Table 4) indicated that the relative variation of 
the PLT ranged between -6.5% and 23% (P value=0.8492). He-Ne laser 
irradiation effect was relevant in 5% of cases (R.I.=23%). In 11 cases out 
of 20, the variations were positive, and in 9 cases they were negative.

RDW: Red cell distribution width, normal values ranging 
between 14 and 16% are determined by automatic hemoanalyzer only. 
Experimental data (Table 4) indicated that the relative variations of 
the RDW ranged between -8.5% and 5.3% (P value=0.2005). He-Ne 
laser irradiation effect was not relevant in any cases (R.I.=6.6%). In 8 
cases out of 20, the variations were positive, and in 10 cases they were 
negative and no effects in two cases.      

MPV: Mean platelet volume, normal values ranging between 6 and 
7 μm3.

Experimental data (Table 4) indicated that the relative variations of 
the MPV ranged between 1% and 8.5% (P value=0.0001). He-Ne laser 
irradiation effect was relevant in 15% of cases (R.I.=7.7%). In all cases 
of 20, the variations were positive. 

Lymph: Lymphocyte number, in concentration, normal values 
ranging between 20 and 35%.

Experimental data (Table 4) indicated that the relative variations 
of the lymphocyte number ranged between -19.4% and 27 % (P 
value=0.5742). The He-Ne laser light effect was relevant in 5% of cases 
(R.I.=25%). In 10 cases out of 20, the variations were positive, and in 10 
cases they were negative.

 Mono: Monocytes number, in concentration, normal values 
ranging between 5 and 10%) experimental data (Table 4) indicated that 
the relative variations of the Monocytes ranged between -44.7% and 
23.9% (P value=0.4269). The He-Ne laser light effect was not relevant in 
any case (R.I.=33%). In 9 cases out of 20, the variations were positive, 
and in 11 cases they were negative.

GRAN: Granulocyte number, in concentration, normal values 
ranging between 60-68%.

Experimental data (Table 4) indicated that the relative variation of 
the Gran ranged between -16.4% and 13.9% (P value=0.5431). The He-
Ne laser light effect was relevant in 30% of cases (R.I.=6.25%). In 8 cases 
out of 20 the variations were positive and in 12 cases they were negative. 

The effects of non-coherent and coherent light on osmotic 
fragility of erythrocytes

Osmotic fragility is a test that measures the resistance of erythrocytes 

MCHC: Mean corpuscular hemoglobin concentration, normal 
value ranging between 32 and 36 %). Experimental data (Table 3) 
indicated the relative variations of MCHC ranged between -8.3% and 
13.3 % (P value=0.0688). He-Ne laser irradiation effect was relevant 
in 5% of cases (R.I.=5.88%). In 14 cases out of 20, the variations were 
positive, and 6 cases they were negative.
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The effect of He-Ne Laser light on  human blood after 30 min irradiation (irradiance 9 J/cm2)

WBC RBC HBG HCT MCV MCH MCHC
Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V.

1 8.0 8.5 6.3 5.55 5.8 4.5 14.0 14.9 6.4 42.9 43.4 1.2 77 74.82 -2.8 25.2 25.7 2 32.7 34.33 5
2 11.0 10.5 -4.5 4.56 5.1 11.8 12.2 13.2 8.2 37.6 39 3.7 83 76.47 -7.9 26.7 25.9 -3 32.4 33.84 4.4
3 2.7 3.1 14.8 4.23 4.85 14.7 12.5 12.9 3.2 37.6 38.9 3.5 89 80.20 -9.9 29.4 26.6 -9.5 33.2 33.16 -0.1
4 3.4 3.9 14.7 4.18 4.95 18.4 12.6 12.9 2.3 37.2 38.2 2.7 89 77.17 -13.3 30.1 26.1 -13.3 33.8 33.76 -0.1
5 5.4 5.1 -5.6 4.78 4.97 0.2 13.6 14.1 3.7 40.5 42 3.7 85 84.50 -0.5 28.5 28.4 -0.4 33.7 33.57 -0.4
6 9.6 9.4 -2.1 4.79 4.97 3.8 11.9 12.6 5.9 35.2 36.8 4.5 74 74.04 0.1 24.7 25.35 2.6 33.5 34.23 2.2
7 6.3 6.1 -3.2 4.96 5.2 4.8 13.9 14.5 4.3 42.0 43.1 2.6 85 82.88 -2.5 28.1 27.88 -0.8 33.1 33.64 1.6
8 5.7 5.5 -3.5 5.02 5.56 10.8 12.9 13.4 3.9 38.9 39.0 0.3 77 70.14 -8.9 25.7 24.1 -6.2 33.2 34.35 3.5
9 6.4 6.5 1.6 5.50 5.65 2.7 12.1 12.5 3.3 38.4 39.2 2.1 70 69.38 -0.9 21.9 22.12 1 31.4 31.88 1.4
10 3.5 3.9 11.4 4.19 5.1 21.7 12.4 13.2 6.5 37.8 38.7 2.4 90 75.88 -15.7 29.5 25.88 -12.3 32.8 34.10 4
11 6.3 6.7 6.3 5.86 6.2 5.8 16.1 16.5 2.5 48.2 49.1 1.9 82.0 79.19 -3.4 27.5 26.61 -3.2 33.4 33.60 0.6
12 5.5 5.00 -9.1 5.35 5.55 3.7 15.9 16.2 1.9 45.2 46.4 2.7 84 83.60 -0.5 29.4 29.18 -0.7 34.9 34.91 0.3
13 5.9 6.2 5.1 4.51 4.7 4.2 13.3 14.1 6 39.9 41.8 2.3 86 88.9 3.4 29.4 30 2 34.2 33.73 -1.4
14 7.1 7.5 5.6 5.11 4.8 -6.1 13.6 13.9 2.2 40.2 42.1 4.7 79 87.7 11 26.5 28.95 9.2 33.9 33.01 -2.6
15 11.2 11.1 -0.9 4.42 4.64 5 12.8 12.7 -0.8 38.9 42.1 8.2 88 90.7 3.1 29.0 27.37 -5.6 32.9 30.16 -8.3
16 6.8 6.5 -4.4 4.68 4.9 4.7 12.8 13.7 7 38.5 40.1 4.2 82 87.8 7.1 27.3 27.96 2.7 33.2 34.16 2.9
17 5.4 5.7 5.6 5.40 5.90 9.3 11.6 12.7 9.5 35.7 37.1 3.9 66.1 62.88 -4.9 21.5 21.5 0 32.5 34.23 5.3
18 13.0 12.8 -1.5 4.50 4.55 1.1 11.0 11.5 4.5 33.6 34.1 1.5 74.7 74.94 0.3 24.4 25.27 3.6 32.7 33.72 3.1
19 7.9 7.8 -1.3 4.30 4.5 4.7 9.5 11.1 16.8 29.7 30.6 3 69.1 68 -1.6 22.1 24.7 11.8 32.0 36.27 13.3
20 6.5 6.7 3.1 5.53 5.83 5.4 16.3 17.2 1.9 47.0 49.3 4.9 85.0 84.5 -0.6 29.5 29.7 0.7 34.7 35.1 1.1

Mean               
±                   

SD

6.880 ± 
2.651

6.925 
± 

2.509

4.871 ± 
0.5213

5.186 ± 
0.4992

13.05 ± 
1.673

13.69 
± 

1.571

39.25 
± 

4.381

40.55 
± 

4.542

80.75 
± 

7.086

78.68 
± 

7.658

26.82 
± 

2.754

26.46 
± 

2.313

33.21 ± 
0.8565

33.79 
± 

1.220

P 
value 0.5603 0.0001 0.0001 0.0001 0.1107 0.3657 0.0688

Table 3: The effect of He-Ne Laser light on human blood after 30 min irradiation (irradiance 9 J/cm2)

The effect of He-Ne Laser light on  human blood after 30 min irradiation (irradiance 9 J/cm2)

PLT RDW MPV LYMPH MONO GRAN
Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V. Ctrl IRR R.V.

1 360 375 4.2 15.6 15.0 -3.8 10.1 10.2 1 17.5 19.5 11.4 7.5 6.9 -8 75 68.7 -8.4
2 377 370 -1.9 13.3 14.0 5.3 9.5 9.8 3.2 20.9 20.6 -1.4 7.3 6.8 -6.8 71.8 68.3 -9.1
3 243 257 5.8 12.6 12.4 -1.6 9.7 10.2 5.2 29.6 30 1.4 11.1 7.4 -33.3 59.3 49.6 -16.4
4 61 75 23 13.4 14.0 4.5 11.3 11.9 5.3 38.2 30.8 -19.4 11.8 12.8 8.5 50 43.6 -12.8
5 116 110 -5.2 16.5 15.1 -8.5 10.0 10.6 6 18.5 23.5 27 9.3 7.8 -16.1 72.2 74.5 3.2
6 317 300 -5.4 15.3 15.1 -1.3 9.9 10.1 2 43.8 45.7 4.3 7.3 8.5 16.4 47.9 46.8 -2.3
7 321 300 -6.5 15.2 15.0 -1.3 9.3 9.4 1.1 28.6 26.2 -8.4 11.1 9.8 -11.7 60.3 67.2 11.1
8 241 247 2.5 15.7 15.4 -1.9 10.4 11.0 5.8 33.3 30.9 -7.2 8.8 10.9 23.9 57.9 61.8 6.7
9 302 307 1.7 16.0 14.7 -8.1 9.9 10.7 8.1 12.5 13.8 10.4 6.3 7.7 22.2 81.2 76.9 -5.3
10 229 235 2.6 16.3 15.5 -4.9 9.5 9.7 2.1 28.6 23.1 -19.2 11.4 7.7 -32.5 60 59 -1.7
11 252 247 -2 14.4 14.9 3.5 9.4 10.2 8.5 15.9 16.4 3.1 9.5 7.5 -21.1 74.6 70.1 -9
12 292 301 3.1 13.0 13.2 1.5 10.3 10.9 5.8 34.5 34 -1.4 16.4 20 22 52.7 60 13.9
13 316 326 3.2 15.0 14.8 -1.3 9.3 10 7.5 35.6 37.1 2.4 6.8 4.8 -29.4 55.9 51.6 -7.7
14 729 696 -4.5 14.6 14.9 2.1 8.4 9.1 8.3 40.8 40 -2 9.9 10.7 8.1 49.3 44 -10.8
15 438 446 1.8 15.4 15.4 0 9.1 9.2 1.1 19.6 21.6 10.2 8.9 9.9 11.2 71.4 69.4 -2.8
16 349 356 2 15.1 14.8 -2 9.7 10.2 5.2 14.7 16.9 15 7.4 7.7 4.1 77.9 80 2.7
17 414 410 -1 11.8 11.8 0 10.2 10.5 2.9 53.7 49.3 -11.1 8.2 9.9 10.8 35.2 38.8 10.2
18 360 361 0.3 13.3 12.4 -6.8 9.7 10.2 5.2 61.5 64.1 13.1 13.1 12.5 -4.6 25.4 25 -1.6
19 377 365 -3.2 12.8 13.0 1.6 8.4 8.8 4.8 59.5 57.9 -2.7 7.6 6.5 -14.5 32.9 36.9 12.2
20 249 248 -0.4 12.0 12.4 3.3 7.0 7.5 7.1 28.8 27 -6.3 7.6 4.2 -44.7 63.5 68.7 8.2

Mean               
±                   

SD

317.2 ± 
133.8

316.6 ± 
127.4

14.37 ± 
1.464

14.19
±

1.201
9.555 ± 
0.891

10.01 ± 
0.927

31.81 
± 

14.55

31.42 
± 

13.93

9.365 
± 

2.511

9.000 
± 

3.435

58.72            
±            

15.54

58.05              
±           

15.17

P value 0.8492 0.2005 0.0001 0.5742  0.4269 0.5431

Table 4: The effect of He-Ne Laser light on human blood after 30 min irradiation (irradiance 9 J/cm2)
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The biostimulating effect of light used opposes the physiologic 
destruction phenomenon (RBC aging), leading to a rising viability 
of the cells in the circulatory system (i.e. raising resistance to the 
mechanical factors, such as spleen or micro vessels, where the spleen, as 
well as liver or micro vessels, acts as a blood filter, selectively destroying 
those blood cells whose membrane suffered alteration from their 
normal form. This effect is resembles the results of [22] which revealed 
that low powered He-Ne laser irradiation produced a protective effect 
on RBC membranes, reducing hypotonic hemolysis and stabilizing the 
cell membrane. 

RBC, HGB and HCT were strongly influenced by non-coherent and 
He-Ne laser action due to the strong absorption of irradiation light by 
HBG, but without damaging the RBCs. The mature red blood cell is 
a relatively simple structure whose entire function is geared towards 
packaging hemoglobin molecules efficiently, delivering them from the 
lungs to the microcirculation and back every 11 seconds, and keeping 
them in a functioning state for 120 days. Effective function of the red 
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Figure 2: Mean and Standard deviation of osmotic fragility of Erythrocytes in 
case of control and irradiated erythrocytes with non-coherent and He-Ne laser.

Figure 3A: Micrograph of a blood film from untreated control blood showed 
stored blood with change in the membranes of erythrocytes.

Figure 3B: Micrograph of a blood film from whole blood following irradiation 
showing improvement of cell membrane of erythrocytes (By using c.c.d. camera 
microscope).

to haemolysis in hypotonic saline solutions. Results of osmotic fragility 
showed increasing the resistance of the membranes of erythrocytes to 
the hypotonic solution in both cases of irradiation than control but the 
increasing in resistance to hypotonic solution by non-coherent light is 
greater than that the effect of He-Ne laser (Figure 2). Statically by used 
one tailed paired t test control versus non-coherent light is significant 
(P value=0.0015) and the median corpuscular fragility is equal to 
3.51 % of NaCl while control versus He-Ne laser light is significant (P 
value=0.0274) and the median corpuscular fragility equal to 3.62 % of 
NaCl solution (Figure 2). In other words irradiation of erythrocytes 
by non-coherent and coherent light decreases the osmotic fragility 
of erythrocytes (increased resistance to haemolysis by hypotonic 
solutions). In this study the effect of non-coherent light irradiation is 
more significant than that of He-Ne laser irradiation (Figures 3A and 
3B).

Discussion
The biological effects of low level laser light irradiation were first 

discovered and researched by Mester et al. in the 60-s, soon after the 
development of lasers [18]. The first low level laser therapy systems 
were based on He-Ne (632.8 nm) lasers. Currently diode lasers are 
replacing He-Ne lasers. Diode lasers are small, simple in maintenance, 
inexpensive in application and have a long lifespan. Red and infrared 
lasers are generally used for low level laser therapy (LLLT). There are 
reports about clinical trials of application of laser light of other colors, 
mainly blue and ultraviolet laser light, but at the moment such systems 
are not widely used. Light therapy with application of LED light instead 
of laser light (LED therapy) is another novel method of therapy. Sunlight 
was long known to improve acne, and this was thought to be due to 
antibacterial and other effects of the ultraviolet spectrum which cannot 
be used as a long-term treatment due to the likelihood of skin damage 
[19]. It was found that some of the visible violet light present in sunlight 
(in the range 405-420 nm) activates a porphyrin (Coproporphyrin III) 
in Propionibacterium acnes which damages and ultimately kills the 
bacteria by releasing singlet oxygen. A total of 320 J/cm2 of light within 
this range renders the bacteria non-viable [20]. Deep penetrating light 
therapy for 3 consecutive days has been shown to reduce the bacteria 
in the pores by 99.9%. Since there are few porphyrins naturally found 
in the skin, the treatment is believed safe except in patients with 
porphyria [21]; although eye protection is used due to light-sensitive 
chemicals in the retina. The light is usually created by fluorescent 
lamps, or very bright LEDs. The influence of low level laser irradiation 

on the organism has several clinical and biological effects, including 
anti-inflammatory, immunostimulatory, neurotrophic, analgesic, 
desensitizing, bactericidal, antiedemic, normalizing the blood rheology 
and hemodynamics effects (depending the condition of the patient 
and the pathology). Accordingly LLLT can be applied for the therapy 
of several pathologic conditions in various branches of medicine, 
including disorders. The current study was undertaken to assess the 
effects of non-coherent and He-Ne laser on human blood in vitro and 
how induced modifications on some rheological constants of the blood 
and also to assess the significance of these modifications. The results of 
this study have effectively demonstrated that the irradiation of blood 
at low doses and power densities leads to the following effects without 
causing any blood cell damage. 
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blood cell depends on: 1) its strongly negative surface charge (derived 
from surface glycoproteins) which permits it to repulse other circulating 
cells, thereby preventing “clumping;” 2) its unique doughnut-like shape, 
which is rheologically highly efficient and permits rapid flow of the cells 
through capillaries; and 3) its ability to prevent oxidative stress to the 
hemoglobin molecule, thereby maintaining the four iron atoms on each 
hemoglobin molecule in the ferrous (Fe2+) state, in which configuration 
they are able to bind oxygen reversibly. Since the cell contains no 
nucleus and has no capacity to synthesize proteins, damaged molecules 
cannot be replaced during the red blood cells long lifespan. The shape 
of the cell is maintained, the cell’s volume is regulated, and hemoglobin 
and other important molecules in the cell (such as membrane lipids and 
structural proteins) are protected from oxidation by enzyme systems 
that are driven by glucose catabolism, either via the Embden-Meyerhof 
pathway or the Hexose-monophosphate shunt.

The normal red blood cell is relatively impermeable biconcave disc 
which maintains osmotic equilibrium with the surrounding medium. 
As the surrounding medium becomes hypotonic, fluid will be taken 
into the cell to maintain stability. Eventually under very hypotonic 
conditions the cell will fill to capacity and rupture. 

The irradiation of red blood cells by solar simulator for 12.2 J/cm2 
and irradiation of red blood cells by He-Ne laser for 9 J/cm3 makes the 
red blood cells have increased capacity to expand and withstand more 
low hypotonic solutions that lyses un-irradiated normal blood cells. 
They thus exhibit decreased osmotic fragility (increased resistance of 
the cells to hypotonic solutions). These finding resembles that of [23] 
who found that decreased in osmotic fragility by used light irradiation 
at wave lengths 700-1200 nm. Also this result resembles that of [22] 
who reported that low powered lasers stabilized stored erythrocytes in 
hypotonic solution and reduced the drop in deformability for stored 
erythrocytes [24]. But in this study the irradiation of red blood cells 
with non-coherent light decreased osmotic fragility (median osmotic 
fragility=3.51 gm/L of NaCl, P value 0.0015) than that of irradiation 
by He-Ne laser (median osmotic fragility=3.64 gm/L of NaCl, P value 
0.0274).

Conclusion 
The exposure of the blood to non-coherent light and He-Ne 

laser improve its rheological properties and decreases the osmotic 
fragility of erythrocytes (increases the resistance of erythrocytes to 
hypotonic solution). The effects of light irradiation are better in case 
of non-coherent light due to various wave lengths in non-coherent 
and absorbed by the blood to give these effects. So the non-coherent 

light such as that emitted by solar simulator or Light emitting diodes 
(LEDs) becomes a promising alternative, because of its low cost and 
easy handling in these applications. It was observed that the therapy 
with non-coherent light has been more efficient than that with laser in 
the improvement of properties of human blood cells in vitro.
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It is generally believed that erythrocytes, in circulation or in 
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