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Abstract 
Objective: To evaluate the lymphocyte apoptotic impact of yellow laser light in vitro. 
Method: The experimental study was conducted from November 2021 to April 2022 at the Postgraduate Medical 
Physics  Laboratory, Mustansiriyah University, Baghdad, Iraq, and comprised blood samples from healthy 
volunteers. The samples were subjected to 1:1 dilution in isotonic phosphate buffered saline, and each sample was 
divided into two equal aliquots; one for irradiation, and other as control.The  percentage of apoptotic lymphocyte 
was estimated before and after  radiation exposure with low-level laser 589nm at 30J/cm², 50J/cm² and 70J/cm² 
energy intensities. Post-exposure evaluation was done immediately, and 1 and 2 hours after radiation on the 
viability of normal human cells. The vitality of the cells was determined using the trypan blue exclusion test. Data 
was analysed using SPSS 24. 
Results: There were 26 healthy volunteers (16 male, 10 females) with an age range of (20-40) years. After the 
exposure, the percentage of lymphocytes that apoptose increased significantly when cells were irradiated at 
70J/cm2 immediately compared to the controls (p≤ 0.05), but there was no significant differences with the 30J/cm² 
dose. After 1 and 2 hours, a significant reduction in the proportion of apoptotic lymphocytes was observed (p<0.05).  
Conclusion: Yellow low-level laser showed a noticeable protective effect on lymphocytes by decreasing the 
percentage of dead cells. 
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Introduction 
The use of low-level laser irradiation (LLLI) to treat a 
variety of pathological disorders, wound healing, pain 
relief and inflammation management, among other 
conditions, has been steadily increasing1 since the early 
1980s. The laser light that is released is both polarised and 
coherent, and it can be absorbed by a variety of tissues2. 
The three kinds of blood cells are erythrocytes (red blood 
cells [RBCs]), leukocytes (white blood cells [WBCs]), and 
platelets (PLTs)3. The main functions of WBCs are to 
combat infections, guard against alien organisms and to 
create, or at least transport and disperse, antibodies as 
part of the immune response. Individuals are at risk of 
infection due to a drop in WBC count, called leucopenia4. 
When photons from the laser reach the mitochondria and 
cell membranes of low-lying cells, like fibroblasts, the 
energy is absorbed by chromophores and converted to 
chemical kinetics, leading to the induction of initial 
reaction. Phototherapy is the only way to get primary 
results that are fairly predictable. Laser photons with 
wavelengths of 400-1100nm are absorbed by 
chromophores5. Within the cell, the photonic energy is 

transformed to chemical energy in the form of adenosine 
triphosphate (ATP), which improves cellular activities and 
cell proliferation rates. The permeability of cell 
membranes is altered, which leads to physiological 
alterations in the target cells. The size of the laser 
biostimulation effect is determined on the basis of the 
wavelength utilised as well as the cell's physiological state 
at the time of irradiation6. Components of the respiratory 
chain absorb light, causing changes in both the 
mitochondria and the cytoplasm. An antiport mechanism 
transports more calcium ions (Ca2+) into the cytoplasm at 
low laser dosages, triggering or stimulating biological 
processes, such as deoxyribonucleic acid (DNA) and 
ribonucleic acid (RNA) synthesis, cell mitosis and cell 
proliferation. Too much Ca2+ is released at larger doses, 
resulting in hyperactivity as calcium pushes calcium 
adenosine-triphosphatase (ATPase) out of the cell's ATP 
pool, slowing cell metabolism7. 

Apoptosis, or programmed cell death, is a genetically 
controlled process that occurs when a cell dies, and it 
plays a vital role in tissue homeostasis and 
differentiation8. Apoptosis is a type of cell death that 
happens as a result of a cell's environment. Cell division 
and differentiation are important aspects of cellular and 
tissue physiology. The importance of this form of cell 
death is necessary for higher vertebrates' optimal 
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embryonic development and tissue homeostasis9. 
Intracellular apoptotic signals, such as reactive oxygen 
species (ROS) or laser therapy, promote apoptosis at the 
mitochondrial membrane, causing the mitochondrial 
membrane transition pore to open, allowing cytochrome 
C to be released and the apoptotic process to begin10. 
Intracellularly and extracellularly, there are two phases: an 
initial commitment phase when the cell reacts to a signal 
that commits it to self-destruction, and an executional 
phase when cell death can not be stopped11.  

For decades, researchers have been looking into low-level 
laser therapy (LLLT), but the cellular mechanism of LLLT 
has remained a mystery. According to Karu et al,, 
irradiating human lymphocytes with a He-Ne laser can 
stimulate some short-term reactions in the cells, but 
irradiated lymphocytes do not enter the cell cycle's S-
phase. In other words, there is no complete mitogenic 
activation or blast transformation. Irradiation also has a 
booting impact on DNA synthesis in cells that have been 
treated with phytohemagglutinin (PHA) prior to 
irradiation. The absence of interleukin-2 (IL-2) receptor 
expression in irradiated lymphocytes is thought to be 
linked to the absence of blast transformation in these 
cells12-14.  

The current study was planned to evaluate the 
lymphocyte apoptotic impact of yellow laser light in vitro.  

Materials and Methods 
The experimental study was conducted from November 
2021 to April 2022 at the Postgraduate Medical Physics  
Laboratory, Mustansiriyah University, Baghdad, Iraq, and 
comprised blood samples from healthy volunteers. 
Approval was obtained from the institutional ethics 
review committee. The blood samples were collected 
from healthy adults with no medical history of major 
illnesses or history of taking medications for major 
diseases. The blood samples were drawn in a sterile 
ethylenediaminetetraacetic acid (EDTA) tube, and were 
subjected to 1:1 dilution in isotonic phosphate buffered 
saline, PBS (potential of hydrogen [pH]7.4). Each sample 
was divided into two equal aliquots; one for irradiation, 
and other as control. Blood sample mixed with PBS  was 
carefully laid on the top of 2ml of ficoll (lymphocyte 
separation medium). Lymphocyte separation was 
performed according to Boyum’s method in a 10ml 
siliconized glass centrifuge tube. The compound was 
centrifuged for 30 minutes at 24°C in a refrigerated 
centrifuge at 3000rpm. After centrifugation, lymphocytes 
created a white buffy coat at the blood plasma interface, 
which was aspirated with a Pasteur pipette and put into a 
10ml siliconised tube, which was cleaned 3 times with 

phosphate-buffered saline (PBS) for storage 20min each 
time. The lymphocyte pellet was re-suspended in 0.5ml of 
PBS until it formed a pellet15.  

The lymphocyte suspension was then exposed to laser 
beam 589nm for 15 minutes. The diode-pumped solid-
state laser (DPSSL) (Changchun Dragon Lasers Co, Model 
F series’ China) was used with a 50mW output power. The 
percentage of apoptotic lymphocytes were estimated  
immediately, and again after 1 hour and 2 hours of 
irradiation with doses of 30J/cm², 50J/cm² and 70J/cm² for 
both control and irradiated samples. The amount of 
lymphocytes in each sample was counted using a 
heamocytometer counting chamber, and the findings 
were represented as cell/mm3 16.  

Cell viability was determined using the trypan blue 
exclusion assay. A known volume of lymphocyte 
suspension (100:l) was combined with an equivalent 
volume of trypan blue dye (0.2%) and seen under a light 
microscope right away (Figure 1). The volume the 
lymphocyte suspension was divided into 4 equal parts; 
one was the non-irradiated control, while the other 3 
parts for the three laser intensities. The laser beam was 
pointed in one direction directly to the centre of the tube 
containing the cell sample upside down. Approximately 
4mm² of the laser beam was applied to the lymphocytes 
through a spot of irradiation at room temperature 24°C. 
The lymphocyte sample was attracted to a Westergren 
tube fastened by holding it directly in front of the laser 
beam such that the beam passed straight through the 
opening end of the tube, and so the whole suspension 
was exposed to the light for 15 minutes. The viability and 
number of cells in each sample were calculated. This 
procedure was applied for each laser intensity and at 3 
different times.  
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Figure-1: Trypan blue exclusion test under light microscope (40X). 
(a) lymphocyte apoptosis, (b) lymphocyte necrosis, (c) lymphocyte viability. 
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Data was analysed using  SPSS 24. The significance of 
differences between various  independent means was 
investigated  by using a students´  t-test, while paired t-
test was employed for the mean values of dependent 
variables. P<0.05 was considered significant. 

Results 
There were 26 healthy volunteers (16 male, 10 females) 
with an age range of (20-40) years. After initial irradiation, 
the percentage of apoptotic cells increased significantly 
with 70J/cm2 and 50J/cm2  compared to non-irradiated 
samples, but there was no significant differences with the 
30J/cm² dose (Figure 2). 

Re-examination of irradiated samples after 1 hour showed 
a decrease in the percentage of apoptotic cells at 70J/cm2 
and 50J/cm2. Highly significant decrease in the 
percentage of apoptosis was observed 2 hours after 
irradiation with 70J/cm2 and 30J/cm² (Figure 2).  

Discussion 
LLLI can provide low fluency caused by direct irradiation 
rather than thermal processes, and the irradiation tissue's 
temperature rise is controlled to less than 0.1-0.5°C with 
this technique17. 

The current study noticed increase in the percentage of 
apoptotic lymphocytes  immediately after being 
irradiated with high -energy density of yellow laser 
probably due to its  ability to produce a substantial 
amount of singlet oxygen  when a range of biological 
components were oxidised at the start of the apoptotic 
cascade and nuclear DNA damage18,19. Studies have 
reported the involvement of the glycon synthase kinase 3 
which is a signal transducer of Akt protein (Akt/GSK3) 
pathway, and the expression of pro-apoptotic  Bax 

protein in  the cells soon after cellular exposure to 
LLLT20,21. 

The paradoxical decrease in the percentage of apoptotic 
lymphocytes with time post-irradiation might have been 
due to the upregulation of the signaling cascade of  
proliferating cell nuclear antigen (PCNA) and Ki-67 
protein (nuclear proteins associated with proliferation of 
tumour cells), both of which were important in the 
activation of p15 gene which encodes a protein that 
induces a G1-phase cell cycle arrest during photo 
biostimulation22.  Photo biomodulation enhances 
respiratory chain mitochondrial enzymes, influencing 
electron transfer and increasing intracellular calcium 
level, and, as a result, cell proliferation is boosted23-25. The 
mitochondrial cytochrome C oxidase, which is one of the 
respiratory chain components, is thought to absorb red to 
near-infrared light, resulting in the formation of ROS and 
ATP25. 

Limitations. The current study has 
limitations as the sample size was not 
calculated which could influence the 
power of the study. 

Conclusion 
Low-level laser had a significant 
protective effect on lymphocytes by 
reducing the percentage of dead cells 
after they had been irradiated by 
yellow laser, and the effect was 
influenced by doses and the duration 
of exposure.  
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