Samarra J. Pure Appl. Sci., 2023; 5 (4): 127-139

Kawthar H. et al.

IRRGI Samarra Journal of Pure and Applied Science SJPAS

Academic Scientific Journals

p ISSN: 2663-7405

www.sjpas.com
e ISSN: 2789-6838

Evaluation of the effect of the helium-neon laser (632.8 nm) on
erythrocyte sedimentation rate (ESR) and packed cell volume

(PCV)

Kawthar H. Msayer and Hayder Yousif Falih”
Department of Basic Sciences, College of dentistry, Mustansiriyah University. IRAQ.

m This work is licensed under a Creative Commons Attribution 4.0 International License

https://doi.org/10.54153 /sjpas.2023.v5i2.637

Article Information

Abstract

Received: 14/07/2023
Revised: 11/08/2023

Accepted: 06/08/2023
Published:30/12/2023

Keywords:

Helium Neon, Red Blood
Cell, ESR, Microscope,
Physical Variation,
Radiation

Corresponding Author

E-mail:

07737975651

Erythrocyte aggregation is considering an essential physiological
phenomenon in blood circulation, the interaction of lasers with
biomaterials like blood is a crucial topic of study. It is a fundamental
property of healthy blood that is crucial to the cardiovascular system.
Evaluation of the vital processes of blood microscopically and in
laboratory by examining the packed cell volume and erythrocyte
sedimentation rate upon exposure to laser radiation for two different
times and recording the results after all period of time and comparing
them with the control group. In this study, the effect of radiation on
packed cell volume and erythrocyte sedimentation rate was observed. In
terms of viscosity speed and deposition for different periods of time, it
was observed that when packed cell volume are exposed to radiation for
a certain period of time (10 minutes), their values will decrease as a
result of the amount of radiation generated against them, and this
decrease increases when the time period increases (15 minutes) .While
the erythrocyte sedimentation rate is inversely proportional to PCV,
there is an increase in the erythrocyte sedimentation rate when exposed
to radiation. While the microscopic examination has shown that various
deformability values have varying impacts on the degree of aggregation
when the radiation duration increases over long periods, which therefore
has an impact on deposition. Therefore, knowing the type of radiation
and concentration are very important to know these effects. Preferred
from researchers to do more research on the effect of radiation on
various blood functions.

Introduction

Light amplification by stimulated emission of radiation, or LASER, is the abbreviation for

the term. The laser was invented in 1960, and micromanipulations began using it in 1962 [1].

Researchers in the medical sector have discovered innovative uses for lasers, such as the

potential to use them as an optical trap in rotating cells. Over the final three decades of the 20th

century, it has been discovered that lasers have practical uses in the domains of operation,

ophthalmology, automated physics, telecommunications, and other related sectors [2].

Through the use of photic-dynamic treatment, in which a laser with a 630 nm wavelength of

waves is utilized to trigger a chemical process that results in the production of a poisonous
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substance to kill tumors, laser therapy has advanced to the point where it is used to treat
serious diseases like cancer. Additionally, lasers may be used to sterilize blood in blood banks,
clearing it of germs and viruses [3].

In photochemical interactions, light causes changes in the tissue's chemistry. Photochemical
interactions are the foundation of both biostimulation and photodynamic treatment [4]. It has
been observed that the absorption spectra of whole blood, erythrocytes, and plasma may be
used to analyze the photochemical processes that are brought on when blood is exposed to laser
light in vivo [5]. While pulsed lasers have made a greater contribution to laser surgery, diode
lasers and free electron lasers have been crucial instruments for cutting-edge medical research.
To have any impact on a live biological system using a low power laser, the photons must be
absorbed by electronic absorption bands that correspond to certain molecular chromospheres
or photoacceptors [6]. In biological research & clinical trials, several sophisticated photonics
approaches & laser stimulation techniques are successfully applied [7]. The hemoglobin
absorption spectrum is consistent with this wavelength effect, indicating that hemoglobin may
be one of the action targets when exposed to laser light [8].

Aggregation and disaggregation of erythrocytes occur naturally during blood circulation.
Red blood cell aggregation is the reflex of development of blood cycle that works to produce
and remove the blood cell to playing different functions [9]. The forces of attraction between
the red blood cells cause clumps to develop when there is little or no blood flow. The cells form
rouleaux aggregates (Figure 1) that hold onto one another. These aggregates may be dispersed
with only a little mechanical force, such what happens during circulation. The aggregation
process is influenced by a variety of physical and chemical variables. Chemical variables,
Hematocrit (HCT), the PH of the suspention medium, large molecules, and the flow rate are
examples of variables that relate to changes in either the RBCs or the suspension medium. [10].
According to some studies, erythrocyte aggregation is significantly influenced by cellular
modifications, particularly those that affect the capacity of RBCs to alter morphology when they
pass through small places like the microvasculare, their deformability, and their filterability.
[11].

One form of blood examination is the Erythrocyte Sedimentation Rate (ESR). This test is a
general screening tool for several inflammatory disorders. It is a quick and low-cost laboratory
test for determining an acute or inflammatory reaction [12]. ESR measures the RBCs' rate of
settling in millimeters per hour. Anticoagulated blood is allowed to stand for an hour within a
unique, vertical tube (Westergren pipette). Over time, RBCs will sediment to the bottom, leaving
clear plasma on top.via rouleaux formation, RBCs sand RBCs stack or form a column when they
accumulate one on top of the other. Due to the high concentration of acute phase reactant
proteins such globulins and fibrinogen that are produced during inflammatory processes, the
creation of rouleaux occurs more quickly. There are several ways to decide. Currently, the
International Committee for Standardization in Hematology recommends using Westergen
Pipette technique [13].
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Figure 1: Rouleaux formation [14]

Therefore, laser is a device that generates light with certain characteristics [15], such as one
wavelength and one color, and thus amplifies the light through the stimulated transmission of radiation,
which have a many of several different types Figure 2.
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Figure 2: Types of laser according wavelength [16]

The blood has many functions, including those related to the transfer of oxygen from the lungs to
the rest of the organs of the body and the excretion of carbon dioxide and vice versa outside the body in
addition to the transfer of information between the organs and germs in the body as well as the transfer
of food to the body [17].

Blood consist of many cells (Red, White, Platelet) like, Neutrophils, Eosinophils, Basophils, Monocyte
and Lymphocyte [18] that have very important function in body human like keep anticoagulant, help
immunity to remove any infection, know allergic disease and keeping the presenting between the
normal range.

Packed cell volume may increase because of conditions that accompany dehydration, such as
drinking alcohol, exposure to burns, diarrhea or may cause a decrease in packed cell volume due to
anemia, pregnancy, or malignant diseases [19]. While erythrocyte sedimentation rate higher than
normal result to cases of advanced age, pregnancy, and inflammation (rheumatic and rheumatoid joints,
in addition to bacterial and immunological infections. erythrocyte sedimentation rate percentage may
be less than normal as a result of taking various medications, heart failure diseases, or hereditary causes
[20].
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Methods and materials
Sample collection
1- The samples were taken between the hours of (9am - 11am)

2- They were collected from healthy people between (20-45) years (Male 12, Female 3) in
College of Dentistry / Mustansiriyah University

3- The number of samples taken for the study was about 15 samples.

4- The left hand was chosen to draw blood from it after sterilizing the area with alcohol and
placing the tourniquet directly 4 inches above venipuncture above the joint area (vein). Then
the blood was withdrawn through the needle and added to an anticoagulant tube and another
tube to conduct the examination.

5- The study period was from November to January 2023.

Helium Neon Laser system

At an approximate power consumption of (0.5 mW), the Helium Neon Laser (Hamburg,
Germany) was utilized in this work. It produces radiation in a beam that is collimated with an
outer diameter of (4 mm), a light wavelength of (632.8 nm), and an energy ratio of (3.98
mW /cm?) that was determined using this formula Figure (3).

Power Density (mW/cm?) = output power (mW) / area (cm?)

Laser Cathode =, Anode
output \{— Helium-neon gas reservoir -\\'1
A r N
g \F.g[ I Laser bore tube D8 f
Chutput N 4//

= High
. . Glass envelope
coupler r reflector

Figure 3: Helium Neon Laser (632.8 nm) (15)

Microscopic examination
Preparation of blood smears

One centimeter away from the slide's frosted area, two to five ml are positioned. The
spreader is a second glass slide. Before being brought back into the drop, the spreader's edge is
positioned at an angle of 30-45 [21, 22]. The spreader is then swiftly and softly moved forward,
leaving a tiny layer of blood on the slide. Once prepared, the microscope slides need to be
completely air-dried for a minimum of thirty minutes, excluding any "active" procedures such
as stirring or blasting. This will avoid the overspread of monocytes and neutrophils. Blood
smears that have been air-dried need should be colored or fixed as quickly as practicable
because, if not, the blood film's plasma would produce a grey or blue color backdrop [23]. The
blood was separated into two parts, the first was examined directly on a microscope, and the
other was exposed to radiation for two different periods (10 and 15) minutes, after which it
was examined on a microscope and the readings were recorded.

Staining procedure
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The slides were stored on two glass rods that were momentarily fastened to a tray. To hide
the smear, Leishman stain was first added to the slide using a dropper. After then, the smear
might be fixed for a minute. Following that, Distilled Water (DW) was added to the stain and
stirred while the fluid was given a light air blow. Staining might take place for ten minutes. The
slides were then rinsed with tap water to give them a pink color [24].

Measurement Method to Packed Cell Volume (PCV)

Antecubital vein is used to take venous blood, which is then put in anticoagulant (EDTA).
Tourniquet stasis should be avoided since it might cause venous hematocrit values to increase.
Carefully mixed blood is used, ideally on the rotating machine. Additionally, blood from the
veins drawn by a capillary pierce and collected uses a capillary tube that has been heparin. Once
well combined, blood is poured into the unmarked end of a simple capillary tube and allowed
to quickly fill to about 3/4 of its total length. A horizontal tube is possible tipped to hasten fill.
After being taken out of the blood, the tube is cleaned of extra blood, closed from one side, and
replaced. Clay is then used to plug the unmarked end, which is subsequently inserted into
centrifuge as seen with clay end resting in rubber. Each determination should be made in
triplicate or duplicate to ensure accuracy. Centrifuge at a predetermined force for 5 minutes.
This separates the RBCs in down while plasma in up, leaving a strip of median region composed
of white blood cells and platelets at the interface.

The percentage of red cells in entire venous blood is known as the hematocrit. This may be
accomplished using a constant bore capillary tube by measuring the range ratio of
measurement unit. The start read capillary is configured with a clay interface set to zero. Then,
move the etched line or frequency scale set to 100% and place next to the middle layer of
plasma. Scroll down for where the red cell-white cell interface connects with the % spiral line.
The hematocrit number is this percentage. The buffy coat layer should not be included in this
figure. The volume of packed white cells should be noticed and documented if it is more than 2
percent. The blood was divided into two parts, the first is considered a control and measured
directly, and the other was exposed to the laser for (10 and 15) minutes and measured again
and compared them with control (Figure 7).

Measurement Method for Erythrocyte Sedimentation Rate (ESR)

To prevent erythrocyte shrinkage, blood was collected with the appropriate anticoagulant
proportionate to blood volume, such as anticoagulant EDTA (0.5 mg/ml of blood). Together
with refilling the tube, thoroughly combine the blood and anticoagulant. With the use of a
completing the needle Pasteur pipette, we carefully fill the tube with blood while preventing air
from accumulating in the lumen. We mend a specimen's meniscus to the zero line at tube's
topmost. The tube was placed in an upright position, as indicated in, and set on a rack that will
keep it there. By noting the amount of erythrocytes in the tube, the decline in erythrocytes was
interpreted after an hour had passed. On the identical tube edge to the line's side, erythrocyte
sedimentation rate is measured. The ESR is calculated as the decrease in cell number expressed
in millimeters per hour of time, reading from the top down. The blood was divided into two
parts, the first is considered a control and measured after 1 hour and the other was exposed to
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the laser for two times (10 and 15) minutes, measured again after 1 hour and compared them
with control Figure (5).

Results
The normal range of Erythrocytes Sedimentation Rate (ESR):
Adult men 0-17 mm/ hr

Adultwomen  0- 25 mm/ hr

When conducting the test, it was noticed that there is an increase in the result when

exposing the blood to radiation for a period of 10 minutes, and it increases with increasing
time, Table (1) Figure (4).
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Figure 4: Showed effect the laser radiation on Erythrocytes Sedimentation Rate (ESR)
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Figure 5: Showed separation of erythrocyte sedimentation rate after radiation

Table 1: Showed effect the laser radiation on Erythrocytes Sedimentation Rate (ESR)

Erythrocytes Erythrocytes Erythrocytes
N | Gende sedimentation rate sedimentation rate (ESR) sedimentation rate
' (ESR) (mm/ hr) / (mm/ hr) / after 10 min | (ESR) (mm/ hr) / after
before exposure laser exposure laser 15 min exposure laser
(Control)
1 M 14 16 17
2 M 13 16 18
3 M 16 17 19
4 M 8 9 11
5 M 7 9 12
6 M 10 11 13
7 M 8 9 10
8 F 4 5 7
9 M 11 13 14
10 F 7 8 9
11 M 8 9 11
12 M 12 14 16
13 M 15 16 17
14 M 10 12 13
15 F 3 4 7

The normal range of packed cell volume (PCV):

Male: 40 - 54%

Female: 36 - 48%

When conducting the test, it was observed that when PCV are exposed to radiation for a
certain period of time (10) minutes, their values will decrease as a result of the amount of
radiation generated against them, and this decrease increases when the time period increases
(15) minutes. That indicates of the light from the radiation has lessened red blood cell

attachment Table (2) Figure (6).
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Figure 6: Showed effect the laser radiation on packed cell volume (PCV)

After 15 Min

Figure 7: Showed separation of packed cell volume after radiation.

Table 2: showed effect the laser radiation on packed cell volume (PCV)

gender | packed cell volume packed cell packed cell volume
(PCV) before volume(PCV) after 10 | (PCV) after 15 min
exposure laser min exposure laser / | exposure laser / %
(Control) / % %
M 50 48 46
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2 M 52 50 49
3 M 55 54 52
4 M 48 47 46
5 M 45 44 43
6 M 50 47 46
7 M 50 46 44
8 F 37 36 35
9 M 46 45 44
10 F 32 32 30
11 M 48 46 45
12 M 46 45 44
13 M 45 42 41
14 M 47 45 43
15 F 34 33 32
Discussion:

Some researchers have emphasized the significance physiological adjustments to RBCs
aggregate, particularly in light of red blood cells deformability [25]. Major factors to capacity of
deformation of red blood cells are boosted through extracellular viscidity. However, the
contribute of physiology changes to red blood cells aggregate are lower scale. Membrane
stiffness and surface area to volume ratio in cells [26]. In this study, the use of radiation on
packed cell volume and erythrocyte sedimentation rate was observed In terms of viscosity
speed and deposition for different periods of time, there is a relative difference between males
or females in the level of results in erythrocyte sedimentation rate Figure (4) While the
erythrocyte sedimentation rate is inverse with PCV, there is an increase in the erythrocyte
sedimentation rate when exposed to radiation, as the test arrangement red blood cells for them
in the same way and duration Table (1), while there is a relative difference between males and
females in the analysis of packed cell volume, the reason may be attributed to the amount of
proteins ( globulins ,fibrinogens) present in males figure (6), It may be more than females as a
result of eating foods that contain proteins or fats, smoking or other factors, it was observed
that when packed cell volume (PCV) are exposed to radiation for a period of time (10) minutes,
their values will decrease as a result of the amount of radiation generated against them, and
this decrease increases when the time period increases (15) minutes Table (2). That indicates
of the light from the radiation has lessened red blood cell attachment. this might be caused by
either a change in chemical composition caused by a less powerful bond created if an atom of
hydrogen in a particular molecule draws attention to a particle of nitrogen, fluorine, or oxygen
in another molecule, a phenomenon known as hydrogen bonding, or a mechanical modification
because of changes in the gaps or goes that exist on areas and keep areas by means of
interconnection [27-28]. the microscopic examination shown that various deformability values
have varying impacts on the degree of aggregation when the radiation duration increases long
periods, which therefore has an impact on deposition [29-30]. Helium neon laser with different
wavelengths has many functions, including what enters therapeutic cases such as wound
healing and blood disorders, as it is used in the medical field as a blood coagulant [31-32]. It is
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considered one of the best and safest types of lasers for humans, because it contains a safe and
appropriate wavelength, which is recommended for use among students in laboratories.

Conclusion

The blood is affected when exposed to large amounts of radiation or any external conditions,
which lead to the emergence of problems that may negatively affect the various functions of the
blood. Therefore, knowing the type of radiation and its concentrations is important to know
these effects. Radiation is involved in improving and speeding up the treatment of many issues
in the industrial, agricultural and medical aspects. Radiation facilitates the work of doctors
during surgical interventions because of its high safety when performing the operation and the
exploitation of the time factor to reduce the time of performing operations. Hope the
researchers to do more research on the effect of radiation on various blood functions.
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