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Abstract:
Background: This study was conducted in pursuit of gaining an understand effects of the low level laser 
irradiation on whole blood is very essential way in revealing the mechanisms of the action of laser radiation 
on biological tissues. 
Objective: The purpose of this study is to investigate the in vitroeffect of laser radiation on some 
hematological parameters and erythrocyte sedimentation rate. 
Subject and Method: Blood samples were obtained from 30 healthy volunteers, each sample was divided 
into four new samples, one of them was considered as control while the other three were exposed to three 
different laser doses. Thewavelength of532nm was used for irradiation with 4mm diameter beam spot on 
blood samples, with power density of 796.17mW/cm2. The irradiation times were 1.8, 3.7and 6.2 secand so 
the different doses of irradiation 1.5,3 and 5 J/cm2, respectively. 
Results: The erythrocyte sedimentation rate was measured after laser irradiation and compared with 
un-irradiated control sample. The results of this study showed thaterythrocyte sedimentation rate value 
increased significantly with a dose of 1.5J/cm² but not with the othertwo doses’ values in male persons but 
not in females. Moreover, the mean cell volume shows significant decrement post irradiation.
Conclusion: Laser irradiation induces physical changes in red blood cell membrane permeability and blood 
viscosity and consequently alters erythrocyte sedimentation rate. 
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Introduction:

Biostimulation possessions of laser irradiation on living 
organisms were found for three decades [1-4]. The inquiry of 
the interaction of laser radiation with biological tissues is of 
pronounced concern because it permits not only gainingevidence 
on their characteristics but also how modulating them [5]. The 
study of the Low Level Laser irradiation effects on whole blood 
is very essential way in revealing themechanisms of the action 
of laser radiation on biological tissues because of the diversity 
of bloodcells whose membranes contains lipids, sugars and 
proteins [6].Numerous LLL wavelengths with different power 
and exposure time have been consumed in blood therapy for a 
variety of medical applications due to its capability to modify 
blood rheology and enhancement of microcirculation [7].
Actually LLL therapy does not induce thermal changes for that 
reason; it will not cause living cell damage [8].
The erythrocyte sedimentation rate (ESR) is one of the vital 
rheological considerations of human blood [9]which is 
frequently used to screen for presence of inflammation. It is 
referred to as the ESR because itmeasures the rate at which 
red blood cells (RBCs) separate from the liquid part of 
blood (plasma) and fall to the bottom of a test tube forming 
sediment.
The ESR is affected by two major factors; biological factors 
and non- biological factors.Biological factors include the 

erythrocyte factor, the plasma, theviscosity factor, the age, 
gender and the race factors. Thenon- biological factors include 
technical factors, physical factors such as the effect of laser 
radiation and some of the mechanical factors[10].In this study, 
we have intended to clear up the impact of different LLL doses 
at wavelength of 532 nm on the rheological parameter (ESR) of 
human blood and red blood cell (RBC), mean cell hemoglobin 
concentration (MCHC),red blood distribution width (RDW), 
hemoglobin (Hb) and mean cell volume(MCV).

Materials and Method:
Blood sample: The blood samples were collected fromthirty 
apparently healthy individuals (18 males and 12females, mean 
age 26.966 ± 5.009) with no history ofchief illnesses or irregular 
medications. They wereinstructed about the purpose of the 
study andverbal permissionwas taken from all participants.
About 10 ml of blood were collected through venipuncturein 
ethylene diamine tetra acetic acid (EDTA)-containing tubes 
(1.3 mg/ml of blood) as an anticoagulant. The samples were 
then managed instantly aftercollection. Each sample was 
apportioned into four equal aliquots, oneto be used as non-
irradiated sample (control) and the other three were exposed to 
different laser doses using a continuous ND: YAG laser.
Laser specification: In this study, a diode laser pointer was used 
as irradiation source with a wavelength of 532 nm, and a low 
power of 100 mW in a continuous wave mode. The divergence 
was < 1.5mRad. The crystal type of this source was Nd: VYO4: 
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Discussion:
This is a comparative experimental study in which the effects of 
thethree different laser doses upon ESR value were evaluated. 
Since there was a significant physiological difference in ESR 
with regards to gender, the impact of laser irradiation were 
tested separately. An interesting observation was found in 
form of increasing ESR in male person post irradiation with 
1.5 J/cm² but not in female. The definite reason behind this 
gender divergence in response to laser irradiation is unclear. 
Nevertheless, it might be due to differences in sample size 
(females were 2/3 of male number). Though, laser irradiation 
induces physical changes within limited range which is not 
obvious in higher ESR value as in female could be one of 
the explanation. Additionally, it was determined that, laser 
irradiation decreases blood viscosity thus increasing the 
electrophoretic mobility of RBC [11]. Consequently, decreasing 
blood viscosity plays mandatory role in elevating ESR value. 
Several studies were in alignment with our observation[10, 
12,13] while another study did not [14].The potential reason 

KTP. The laser spot diameter was 0.4 cm. The power density 
was 796.17 m W/cm2.Sample irradiation: The blood samples 
of 2.5 ml per tube were irradiatedwith a laser beam of 0.4 cm 
spot diameter. The delivered dose for each irradiated set was 
1.5,3 and 5 J/cm2, at different exposure time; 1.8, 3.7 and 6.2 
seconds,respectively. The laser beam was focusedroutinely 
to the center of the blood containing test tube. Theirradiation 
process was achieved at room temperature (18-25°C).Blood 
analysis: Complete blood picture including (RBC, RDW, Hb, 
MCV and MCHC) were measured automatically by using a 
hematology analyzer machine (Swelab Alfa Standard/ Sweden) 
standard westergren method were used to evaluated ESR level. 
All tests were achievedatthe National Center of Hematology 
(Specialty Center for Blood Diseases).

Statistical evaluation: The data is assessed by the use of 
Excel software; the values are expressed as mean ± standard 
deviation. The differences between the three irradiated and 
controlsamples were estimated by applying a paired t test. 
The P value is determined according to the analysis of the 

significance of the difference. The P value less than 0.05 are 
considered significant.

Results:
Impact on hematological parameters at different laser 
doses:Table-1 shows the response of blood parameters to 
different laser doses, of which only theMCV shows significant 
differences in response to laser irradiation.

ESR at different low level laser
Erythrocyte sedimentation rate is one of non- specific 
investigations that could be modulated by different factors. 
As there was a significant normal physiological difference in 
ESR with regards to gender (proved in this study P <0.0001, 
unpaired T-test), we checked the effects of laser irradiation 
separately. Interestingly, they behaved in different way. ESR 
value was increased significantly with first dose 1.5J/cm² but 
not with others and in male persons not in females (P< 0.04) 
(Figure.1).

Table (1): The response of some hematological parameters to different laser doses compared to control
Parameter Pre-irradiation(control) 1.5 j/cm² P value 3j/cm² P value 5j/cm² P value

RBC 4.96±0.41 4.94±0.43 0.32 4.93±0.43 0.25 4.92±0.38 0.22
MCHC 32.86±1.71 32.91±1.44 0.34 32.98±1.53 0.14 32.99±1.34 0.14
RDW 11.73±0.61 11.74±0.66 0.41 11.73±0.70 0.43 11.72±0.65 0.44

Hb 14.06±1.43 13.97±1.37 0.24 13.98±1.36 0.25 13.97±1.30 0.23
MCV 86.49 ± 4.89 86.28±4.77 0.02 86.18±4.80 0.003 86.13±4.85 0.001

Table 2: The impact of different laser doses on ESR value in different gender compared with control group 
ESR(mm/h) Pre-irradiation(control) *1.5 J/cm² P value *3 J/cm² P value *5 J/cm² P value

FemaleNO=12 18.3±4.7 18.7±6.2 0.35 18.7±6.0 0.25 21.5±6.4 0.11
MaleNO=18 4.1±2.2 4.6±2.7 0.04 4.5±2.8 0.09 4.5±3.1 0.18

Male/FemaleP= 0.0001
* results are expressed as mean ± SD.

Figure1: ESR changes in response to different laser doses 
in male person.
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for decreasing of whole blood viscosity is either decline in 
concentration of erythrocytes per unit volume (hematocrit) 
value(which is not reported in our study since the RBC count 
unchanged post irradiation), or change in volume and shape of  
RBC [13]. Alteration in volume of the RBC had been detected 
in ourstudy. Moreover, higher doses of laser failed to induce 
apparent changes in ESR value in spite of its recognizable 
influence on MCV (table 1), this may indicate that at this dose 
it reaches the threshold level and the bio-stimulation is replaced 
by bio-inhibition [15].However, the outer possible important 
ESR should not be neglected, like plasma proteins including 
fibrinogen and globulin. Previously reported that He-Ne laser 
(638.2 nm) seems to change the charges in plasmaproteins with 
dose and incubation time after irradiation [16]. Unfortunately, 
this factor would not estimated in this work; hopefully it will 
be done in future work.

Conclusion:
Laser irradiation induces physical changes in RBC membrane 
permeability and MCV which in turn modulate blood viscosity 
and consequently alters ESR.
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