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ABSTRACT 

Lasers have been applied in various clinical procedures such as surgery and cardiology to clear occluded blood vessels. However, there 

subsists insight into the relevant parameters and their ability to develop a rheological property of blood. Two blood samples were used. 

Morphological changes that have been chosen to detect this effect on red cells were: echinocytes, dacrocytes, stomatocytes, keratocytes , 

schistocytes. Laser beams λ = 532nm , power 100 mw at different intervals (0, 1, 3, 6, and 10 seconds).Six slides prepared for each 

interval. Slides were irradiated and microscopic photographs were taken to observe changes in population of each poikilocytes were 

compared to non-irradiated control blood smears. The effects were listed in a table in the form of a scale. Various laser energy doses 

were able to reduce the population of some poikilocytes namely ( dacrocytes, stomatocytes) in a male and (echinocytes, dacrocytes, 

stomatocytes, keratocytes and schistocytes) in a female by one, two or three cells. A poikilocyte is a distorted red blood cell and bears 

different forms, for instance, created (echinocytes), teardrop (dacrocytes), bite cells (keratocytes) or even fragmented (schistocytes). 

Low-energy laser improves the monographic properties of red cells by enhancing ATPase activity, metabolic output, activity of 

antioxidant enzymes. 
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1. INTRODUCTION 

 Laser parameters such as wavelength, energy and laser 

duration usually determine the photothermal effects (PT) of the 

laser on blood cells. The PT effects range from conformational 

changes, denaturation to coagulation. The photodamage of 

haemoglobin and red cells resulting from cell irradiation may be 

due to transient & permanent differences in absorbing protein 

[1,2]. Coagulation of Blood because of laser exposure arises due 

to the heating of components. It is a complex manner that 

embraces cell shape modification, cells membrane, denaturation of 

proteins & aggregation of components [3,4]. This therapy occurs 

at radiations intensities, which are so low that any biological 

effect, which occurs, is because of the radiation rather than the 

heating [5]. Nevertheless, current studies have additionally 

reported that the laser influence on tissues may likewise be 

because of thermal heating connected to local heating[6,7]. In 

addition, research to gain more insight on the beneficial levels of 

blood irradiation also of significance to define the safe and 

harmful levels of radiation & the effects of these different laser 

settings on the morphological properties of red blood cells, which 

are known to have high absorbance levels for irradiation and as 

such are affected significantly on laser exposure. 

2. MATERIALS AND METHODS 

 Blood smears were prepared from two of our patients’ 

blood samples, one from a 31-year old normal female and the 

second one from a 38-year old normal male to observe the effect 

of irradiation on poikilocytes. Laser beams λ = 532nm, Power 

100mW at different intervals (0, 1, 3, 6, and 10) seconds and 

preparation of blood smears were done at the (IPP/Advanced 

Medical & Dental Institute), USM-Malaysia. Five blood/films 

were made for all the intervals/ from each sample, so a whole of 

50/smears was done. The blood smears were prepared carefully 

and subjected to laser energy density (0.5J/cm2) at exposure 

duration of 1 Sec, (1.5J/cm2 )at exposure duration of 3Sec, 

(3J/cm2) at exposure duration of 6Sec and (5J/cm2) at exposure 

duration of 10Sec for each interval. After irradiation of the slides, 

photographs of the microscopic cells were taken from the blood 

smears and the population of the poikilocytes determined with 

comparison to the non-irradiated control slides for each type of 

poikilocyte. 

 The morphological changes that have been chosen to detect 

the laser effect on red cells were:  a. echinocytes (crenated cells), 

b. dacrocytes (tear drop cells), c. stomatocytes (mouth or stoma 

like cells), d. keratocytes (bite cells), e. schistocytes (fragmented 

cells). 

3. RESULTS  

 The results of the morphological changes of normal red 

blood cells after being subjected to irradiation at different time 

periods for male (38 year, normal) and female (31 year, normal) 

are shown below in Table 1 and Table 2 respectively.  

 The echinocytes were not present in the initial control 

blood smear from the male patient. Further irradiation of the blood 

smear did not yield more echinocytes in the prepared blood smear 

for the different laser pulses.  
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 In a blood smear prepared for Dacrocytes there was a 

notable decrease in populations of dacrocytes even at lower laser 

dose as given in Table1. Among the blood smears prepared for the 

stomatocytes, only the laser dose at 3 Sec that displayed a 

significant decrease in a number of the stomatocytes from the 

samples of blood samples from the male patient. Keratocytes 

otherwise referred to as ‘bite cells’ were initially absent in the 

male blood smear but irradiation at the laser doses of 3 and 6 

second yielded  significant amount of these cells in the prepared 

blood smears. Keratocytes are formed after cells are exposed to 

oxidant damage. Thus, irradiations at these lasers levels are ready 

to create significant values of these cells in the prepared male 

blood smears for these cells.  

 The fragmented (schistocytes) cell populations increased at 

the laser pulses experienced at 6 seconds. These cells arise 

because of depreciation in the number of ATP concentrations, 

membrane lipids and the loss of cholesterol and phospholipids 

levels in the cells as well as due to mechanical disruption of the 

red cell membrane as in microangiopathic hemolytic anemia. Heat 

damage likewise guides to a formation of these cells. Thus in our 

results, the laser doses at 6 seconds are able to induce heat-damage 

to the blood smear prepared from the male patients sample. 

 Target cells may arise as a result of artifacts from smears 

prepared from dirty slides. In the results of our experiments, there 

were no target cells observed in our study even after irradiation of 

the blood smears at different laser doses. The plates below are the 

observations made from the blood smear. Various morphologies 

are intimated in the plates below. 

 

Table 1. Laser effects on different RBCs morphologies. 

Type of Poikilocytes Time of Green Laser 

Irradiation 

(in Seconds) 

0 1 3 6 10 

Echinocytes  0 0 0 0 0 

Dacrocytes  ± 0 0 0 0 

Stomatocytes ± ± 0 ± ± 

Keratocytes  0 ± ± 0 0 

Schistocytes  0 0 0 ± 0 

Target cells 0 0 0 0 0 

Key: Scale: (0-1) = 0, (2-3) = ±, (4-6) = + 

 

The plates below are the observations made from the blood smear. 

Various morphologies are intimated in the plates below 

 
Figure 1. Blood smear containing stomatocytes exposed to laser pulse for 

3 sec. 

 
Figure 2. Blood smear containing echinocytes which were exposed to 

laser pulse for 3 sec. 

 
Figure 3. Blood smear containing target cells which were opened to laser 

for 6 seconds. 

 

 
Figure 4. Blood smear containing schistocytes that were exposed to laser 

pulse for 10 seconds. 

 

 
Figure 5. Blood smear containing echinocytes that were exposed to laser 

pulse for 10seconds. 
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Figure 6. Blood smear containing stomatocytes that were exposed to laser 

irradiation for 10seconds. 

 

 In the blood smears obtained from the female patients, the 

echinocytes appeared to have been reduced after the blood slides 

were exposed to the laser irradiation. This observation was 

unusual from our observation of the blood smears made from the 

male. In the dacrocytes morphology, only the laser pulse at 3 

seconds resulted in the same number of the cells as in the control 

slides. The other radiation at 1, 6 and 10 seconds showed a 

decreased amount of the ‘tear drop cells as compared to the 

control as shown in the table below. All the laser pulses the slides 

were exposed to at 1, 3, 6 and 10 seconds lead to increased 

populations of the stomatocytes in these samples prepared from 

the blood sample obtained from the female sample. 

 

Table 2. Recognized outcomes of irradiation of six kinds of poikilocytes 

from a female . 

Type of Poikilocyte Time of Green Laser 

Irradiation(in seconds) 

0 1 3 6 10 

Echinocytes ± 0 0 0 0 

Dacrocytes  ± 0 ± 0 0 

Stomatocytes + ± ± ± ± 

Keratocytes  ± 0 0 0 0 

Schistocytes  ± 0 0 0 0 

Target cells 0 ± 0 0 0 

Key: Scale: (0-1) = 0, (2-3) = ±, (4-6) = + 

 

 In the blood smears made for observation of keratocytes & 

schistocytes, there was a decrease in the amount of cells observed 

for these morphologies following laser exposures. The target cells 

demonstrated an increase following laser exposure to energy 

effluence of 0.5 J/cm2 for the duration of 1 second. 

 A normal structure & function of the red cell is vital to its 

physiological function in the body [8,9].  Observations of the 

molecular portraits after laser irradiation have been produced by 

Yanhong et al utilizing atomic force microscopy [10]. This is a 

powerful tool, which studies the alterations in the membrane 

components and the protein skeleton of RBCs [11,12]. In our 

current study, we chose to observe the morphological changes in 

the poikilocytes in terms of the population reductions or elevation 

in comparison with set controls. These morphologies may be due 

to morphological alteration of protein molecules which form the 

framework of erythrocytes [13,14]. 

 

 
Figure 7. Blood smear containing target cells from female patient that 

were irradiated for 1 sec. 

 

 
Figure 8. Blood smear containing echinocytes and dacrocytes from 

female sample blood irradiated for 3 sec. 

 

 
Figure 9. Blood smear containing target cells and stomatocytes from 

female sample irradiated for 6 seconds. 
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Figure 10. Blood smear containing keratocytes and echinocytes irradiated 

for 6 sec. 

 

            Free radicals are usually present in the body as active 

substances in various physiological processes. Excess of free 

radicals in the body may lead to alteration of molecular chemical 

structures and conformation when they damage the hydrogen 

bonds of membrane proteins [1,15]. In studies by Yanhong et al., 

they observed that chemical activity and red blood cells membrane 

stability are increased following low-energy irradiation of the cells 

[16]. These poikilocytes are present in pathological conditions 

signifying an elevation of free radicals in blood which has a 

negative impact of deforming these vital cells. Thus the same laser 

irradiation is able to reverse this deformity and hence the absence 

or reduction in numbers of poikilocytes following laser irradiation 

in our experiments (see Error! Reference source not found. 

and Error! Reference source not found.). The positive effect 

of the green laser in the reduction of the population of some 

poikilocytes may be attributed to the absorbance potential of 

erythrocytes membrane molecules with the energy absorbed being 

used in the  breaking off the abnormal non-covalent (Van der 

Waal bonds) binding [17]. However, some laser doses induced an 

increase in the population of some poikilocytes namely 

keratocytes and schistocytes in male and the first laser dose also 

increased target cells populations. This molecule contributes a 

significant role in maintaining the nature of the red blood cell 

cytoskeleton [6,18]. Therefore, the laser photons might provide the 

necessary energy in maintaining the shape and deformability of 

the red cell. Therefore, low-energy laser advances the 

monographic characteristics of the red cells by enhancing 

(ATPase) activity, increasing the activity of antioxidant enzymes 

& reversing the damage created on the bonds mainly the (H-

bonds) by the free radicals [3,19]. 

 

4. CONCLUSIONS 

 The mechanism of action of laser interaction with living 

tissue may involve photochemical changes in blood vessels that 

are geared towards encouraging shrinkage and absorption. 

Therefore, ROS may serve as mediators of the positive effects 

observed after laser-tissue interaction. Low-intensity lasers are 

proficient in producing a small amount of ROS which is 

advantageous to the cell considering they generate a temporal 

imbalance of the redox homeostasis & activation of numerous 

enzymatic manners. 
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