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ABSTRACT: This study investigated the effect of 460 nm and 532 nm laser irradiation
on anaemic blood compared with normal samples at different exposure times. Blood
smears were prepared to study the effect of laser irradiation on erythrocyte
deformability. Irradiation of normal and anaemic blood samples with 460 and 532 nm
laser light significantly changed erythrocyte deformability. The deformability of both the
normal and anaemic blood samples increased as the exposure time increased. The
analysis also revealed that erythrocyte deformability is greater in anaemic blood than
normal blood.
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1. INTRODUCTION

Lasers emit a beam of intense electromagnetic radiation that is essentially
monochromatic or contains at most a few wavelengths that are only nearly
monochromatic; the beam is typically only weakly divergent and is easily
focused onto external optical systems.' From a medical point of view, lasers are a
convenient but sophisticated source of light in the visible, ultraviolet, and
infrared parts of the spectrum.” Easy to control, the light beam (of a single
colour) can be focused into a small spot and, in many cases, the beam can be
transmitted via flexible fibres, making internal delivery of light feasible.?

Low-intensity laser irradiation has primarily been shown to be useful in medical
applications and is widely used in clinical practice.” Such widespread interest in
lasers largely resulted from the fact that their creation was an interdisciplinary
enterprise. Because of its positive effect, laser therapy treatment has become a
popular phenomenon, especially in the cosmetics industry.®” The use of visible
light, which is considered safe, has attracted many to this treatment, including
those who have anaemia, with the thought that it will not have any negative effect
on them. However, in laser irradiation, a photon of light which is absorbed by a
system is excited to another state and then releases its extra energy to achieve
stability.*® Thus, an effect or interaction will still occur unless it is not absorbed
in the system.

Laser irradiation of the blood, especially intravenously, has been utilised
clinically in sports medicine and to treat acute cerebral infarction, diabetes,
psoriasis and rheumatoid arthritis.'®"'? The irradiation of red blood cells leads to
deformability if it is given beyond a therapeutic level.” Deformability is a basic
rheological property of the erythrocyte that allows its membranes to undergo
morphological changes."”? Erythrocyte deformability is an essential rheological
feature that gives flexibility under shear stress; in particular, for blood in
microcirculation, it allows erythrocytes to pass through narrow vessels."
However, permanent deformability affects erythrocyte function and causes
serious vascular complications."*'>'® Thus, maintaining the appropriate
percentage of deformability is crucial for the physiological function of red blood
cells (RBCs)."” Studies have shown that deformation of red blood cell also causes
the release of Adenosine Triphosphate (ATP) to participate with the
circulation.'™'® A reduction in the ATP content of an erythrocyte can be
associated with changes in shape, loss of membrane lipids, and an increase in
cellular rigidity, which causes deformability.'>'

Studying the effects of low-level laser irradiation on the blood is very important,
as blood is an important component of humans. Despite the positive effects of
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low-level lasers on the blood, the safety of the procedure needs to be considered,
especially with regard to red blood cells and anaemic patients. Thus, this study
reports the effect of 460 nm and 532 nm laser irradiation on the percentage of
erythrocyte deformability of anaemic blood samples.

2. EXPERIMENTAL
2.1 Blood Samples

Blood samples (~3 ml) from 32 males and 32 females ranging in age of 18—60
years old were selected based on the results of a full blood count (FBC). The
samples were then categorised as normal or anaemic according to the
haematological reference range, which was provided by the Haematology
Laboratory, Hospital Universiti Sains Malaysia (HUSM). Three aliquots were
prepared from each EDTA-treated blood sample. One served as a control
(untreated), and the other two were irradiated with the 460 nm or 532 nm lasers.

2.2 Blood Irradiation

The lasers used in this research were a 460 nm blue laser diode and a 532 nm
green diode-pumped solid-state laser with an output power of 100 mW. The
beam diameter apertures of the 460 and 532 nm lasers were approximately 2.5
and 2.1 mm, respectively, with a divergence of less than 2.8 and 2.0 mrad,
respectively. Laser was arranged vertically with the sample 6 cm to the later. The
blood samples, approximately 3 ml each, were then irradiated with the lasers for
exposure times of 30, 50, 70 and 90 s.

2.3 Morphological Analysis

A blood smear was prepared from each control and irradiated sample. The slides
were then examined under a microscope and were analysed. Using these slides,
we observed changes in erythrocyte shape before and after irradiation by the
lasers. The percentage of erythrocyte deformability before and after irradiation
was measured and recorded.

25 Statistical Analysis

The data were statistically analysed using paired t-tests to compare the effect of
the 460 and 532 nm irradiation on erythrocyte deformability before and after
irradiation. All statistical calculations and analyses were performed with the
Statistical Package for Social Science (SPSS) software version 22.0.
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3. RESULTS AND DISCUSSION

Samples of both the normal and anaemic blood were irradiated at 460 nm and
532 nm to compare these two types of blood. The control was the unirradiated
blood. Table 1 presents the effect on erythrocyte deformability before and after
laser irradiation for the normal and anaemic samples at 460 nm and 532 nm. The
table shows that laser irradiation of the normal and anaemic blood samples
significantly changed the erythrocyte deformability (p-value = 0.000).

Table 1:  Erythrocyte deformability before and after laser irradiation.

Exposure Normal samples Anaemic samples
time (s) Control 460 nm 532 nm Control 460 nm 532 nm
30 9793 96.98 + 98.03 + 39.03 £ 41.00 + 38.98+0.13
0.10 0.10 0.17 0.25 0.09
50 98.20 + 95.00 88.00 £ 91.03 + 79.00 £ 80.97 £0.21
0.34 +0.14 0.10 0.13 0.08
70 86.03 £ 82.00 = 81.00 = 81.00 = 71.00 = 81.00 +0.08
0.10 0.08 0.08 0.08 0.08
90 94.98 + 9295+ 73.98 £ 85.00 + 78.98 £ 62.97+0.13
0.17 0.06 0.13 0.08 0.17
p-value 0.000%*** 0.000%** 0.000%*** 0.000%**

Statistical significance: ***p<0.01

The percentage of erythrocyte deformability for the normal and anaemic blood
samples irradiated at 460 nm is shown in Figure 1. The normal samples irradiated
at 460 nm showed increased deformability as the exposure time increased, except
at the 90 s time point. For the anaemic samples, the erythrocyte deformability
increased at 30 s and 50 s but started to drop slightly at 70 s and 90 s. Comparing
both blood categories, the anaemic sample was affected more by the 460 nm laser
irradiation.

Figure 2 shows the percentage of erythrocyte deformability for the normal and
anaemic samples irradiated at 532 nm. After 30 s of exposure, only 1%
erythrocyte deformability was observed for the normal samples, but it was 2% for
the anaemic samples irradiated at 460 nm. By contrast, the deformability of both
of the samples was unaffected after irradiation with the 532 nm laser, as shown in
Figure 2. Erythrocyte deformability increased as the exposure time increased for
the normal blood samples, with the exception of the 70-s exposure time point.
Like the normal samples, the erythrocyte deformability of the anaemic blood
samples increased as the exposure time increased. The highest percentage of
deformability of the normal samples irradiated at 460 and 532 nm was observed
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at 70 s (4%) and 90 s (21%), respectively. However, for the anaemic samples, the
highest deformability was observed at 50 s (12%) and 90 s (22%) when the
samples were irradiated at 460 and 532 nm, respectively. At 90 s, irradiation of
the blood samples at 532 nm resulted in greater deformability of both the normal
and anaemic samples.
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The anaemic blood was affected more than the normal blood samples.
Morphologically, both the 460 and 532 nm lasers caused erythrocyte
deformability, especially for the anaemic samples. We assumed that the 532 nm
laser would affect erythrocyte deformability more than the 460 nm laser, as the
greatest deformability percentage was observed after 90 s of irradiation with
532 nm. This effect is because the effective tissue penetration is maximised at
532 nm compared to 460 nm. Haemoglobin, which acts as a chromophore,
absorbs more photons at higher absorption bands from the 532 nm laser than the
460 nm laser.” Thus, the effect is more prominent. Previously, it was shown that
laser irradiation improved red blood cell deformability.'™'*** However, the
radiation must be administered at a therapeutic dose and not beyond that.” The
correct dose will stimulate a positive effect, but a higher dose will cause damage
to and inhibit the erythrocytes.”

Figure 3 shows images of blood smears from the normal blood samples. Figure
3A is the control unirradiated sample. The erythrocytes in this sample are in good
condition. After irradiation for 50 s with the 460 nm laser (Figure 3B) and the
532 nm laser (Figure 3C), deformability of the erythrocytes was observed.
Among the abnormal erythrocytes observed in the smears in Figure 3B and 3C
are keratocytes, dacrocytes, boat-shaped cells and echinocytes. Irradiation at
532 nm affected the erythrocytes of the normal samples more than the 460 nm
laser.

Figure 4 shows images of blood smears from the anaemic blood samples. Figure
4A is an image of the control unirradiated sample. The erythrocytes from this
sample are in poor condition. Abnormal erythrocytes, such as echinocytes and
dacrocytes, can already be observed. Irradiation for 50 s with the 460 nm and
532 nm lasers caused more deformability to the erythrocytes than in the control
sample, as shown in Figure 4B and 4C, respectively. Among the abnormal
erythrocytes observed in the smear in Figure 4B and 4C were schistocytes,
acanthocytes, keratocytes, target cells and echinocytes.

Based on all the blood smears prepared, most of the abnormal cells observed
were echinocytes, which are crenated compared to the other abnormal red blood
cell variants. The echinocytes can become spherocytes as they lose membrane
vesicles, which leads to a greater loss of surface area and volume and finally
leads to haemolysis.”** Therefore, a suitable laser irradiation parameter must be
carefully chosen after weighing the benefits and the risks.

The red blood cell lifespan depends on an adequate oxidative stress response. Red
blood cells are made of protein, and denaturation can occur when the local heat is
high, which causes shear stress to the red blood cell membrane and thus changes
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the shape of the red blood cell. Echinocytes also form because of decreased ATP
generation, resulting in the loss of water and potassium from the red blood cells.
Red blood cells have deformable structures that allow them to recover their initial
shape after passing through very small capillaries, which is an important and
essential feature for their blood flow properties.'*'**>*® However, if the alteration
and deformation of the red blood cell is severe, it may affect the ability of the cell
to function properly. Thus, maintaining the percentage of deformability of red
blood cells after laser irradiation is crucial.

Figure 3: Images of blood smears from normal blood samples of A) control unirradiated
sample; B) irradiated at 460 nm; and C) irradiated at 532 nm.
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Figure 4: Images of blood smears from normal blood samples of A) control unirradiated
sample; B) irradiated at 460 nm; and C) irradiated at 532 nm.

4. CONCLUSION

Red blood cells are important cells for humans that regulate the functions of the
whole body. Irradiating normal and anaemic blood samples with 460 and 532 nm
lasers significantly changes their deformability. The deformability of both the
normal and anaemic blood samples increased as the exposure time increased. The
analysis also revealed that the deformability of anaemic blood samples is greater
than that of normal blood samples. Therefore, a suitable laser irradiation
parameter must be carefully chosen after weighing the benefits and the risks.



Journal of Physical Science, Vol. 27(3), 85-95, 2016 93
5. ACKNOWLEDGEMENT

The authors wish to thank the Universiti Sains Malaysia (USM), Penang for
providing the research grant (RU-PRGS 1001/PFIZIK/845017), the staff of the
Haematology Laboratory, Hospital Universiti Sains Malaysia and the
Neuroscience Department, Universiti Sains Malaysia for their assistance and
support of this research. This research was approved by the Human Research
Ethics Committee, Universiti Sains Malaysia (FWA Reg. No: 00007718; IRB
Reg. No: 00004494).

6. REFERENCES

1. Judy, M. M. (2000). Biomedical lasers. In Bronzino, J. D. (Ed). The
biomedical engineering handbook, 2nd ed. Florida: CRC Press.

2. Bown, S. G. (1998). Science, medicine, and the future: New techniques
in laser therapy. Br. Med. J., 316, 754-757.

3. Antipa, C. & Moldovan, C. (1994). The treatment with low energy laser
in medicine. J. Phys., 4, 193198, http://dx.doi.org/10.1051/jp4:1994446.

4, Ashok, V., Nirmalkumar, A. & Jeyashanthi, N. (2011). A novel method

for blood glucose measurement by noninvasive technique using laser.
World Acad. Sci., Eng. Technol., 5, 677-683.

5. Brown, S. et al. (2004). Review: The present and future role of
photodynamic therapy in cancer treatment photodynamic therapy. Lancet
Oncol., 5, 497-508.

6. Caruso-Davis, M. K. et al. (2011). Efficacy of low-level laser therapy for
body contouring and spot fat reduction. Obes. Surg., 21(6), 722-729,
http://dx.doi.org/10.1007/s11695-010-0126-y.

7. Goldberg, D. J. (2008). Photodynamic therapy in skin rejuvenation. Clin.
Dermat., 26(6), 608—613, http://dx.doi.org/10.1016/j.clindermatol.2007.
09.009.

8. Basting, D. & Marowsky, G. (eds.). (2005). Excimer laser technology.
Berlin/Heidelberg: Springer-Verlag.

9. Chung, H. et al. (2012). The nuts and bolts of low-level laser (light)

therapy. Ann. Biomed. Eng., 40(2), 516-533, http://dx.doi.org/10.1007/
$10439-011-0454-7.

10. Mi, X. Q. (2006). Effect of low power laser irradiation on disconnecting
the membrane-attached hemoglobin from erythrocyte membrane.
J. Photochem. Photobiol., 86, 146-150.

11. Kazemi Khoo, N. et al. (2013). A metabolomic study on the effect of
intravascular laser blood irradiation on type 2 diabetic patients. Laser
Med. Sci., 28(6), 1527-1532, http://dx.doi.org/10.1007/s10103-012-
1247-4.



460 and 532 nm Laser Light 94

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Raggi, F. & Vallesi, G. (2008). Intravenous laser blood irradiation in
sports medicine. Schmerz Akupunk., 3, 126-129.

Bilto, Y. Y. (2015). Loss of erythrocyte deformability under oxidative
stress is caused by protein oxidation with consequent degradation rather
than by lipid peroxidation. Br. J. Med. Med. Res., 8(1), 9-21,
https://doi.org/10.9734/BIMMR/2015/17585.

Muravyov, A. V. & Tikhomirova, I. A. (2013). Role molecular signaling
pathways in changes of red blood cell deformability. Clin. Hemorheol.
Microcircul., 53(1-2), 45-59, http://dx.doi.org/10.3233/CH-2012-1575.
Karger, R., Lukow, C. & Kretschmer, V. (2012). Deformability of red
blood cells and correlation with ATP content during storage as leukocyte-
depleted whole blood. Transfus. Med. Hemother., 39(4), 277-282.

Wan, J., Forsyth, A. M. & Stone, H. A. (2011). Red blood cell dynamics:
From cell deformation to ATP release. Integr. Biol., 3(10), 972-981,
http://dx.doi.org/10.1039/c1ib00044f.

Yoshida, T. & Shevkoplyas, S. S. (2010). Anaerobic storage of red blood
cells. Blood Transfus., 8(4), 220-236, http://dx.doi.org/10.2450%
2F2010.0022-10.

Ramdani, G. & Langsley, G. (2014). ATP, an extracellular signaling
molecule in red blood cells: A messenger for malaria? Biomed. J., 37(5),
284-292, http://dx.doi.org/10.4103/2319-4170.132910.

Mi, X. Q. et al. (2004). A comparative study of 632.8 and 532 nm laser
irradiation on some rheological factors in human blood in vitro. J.
Photochem. Photobiol. B, 74(1), 7-12, http://dx.doi.org/10.1016/
j-jphotobiol.2004.01.003.

Mi, X-Q. et al. (2004). In vitro effects of helium-neon laser irradiation on
human blood: Blood viscosity and deformability of erythrocytes.
Photomed. Laser Surg., 22(6), 477-482, http://dx.doi.org/10.1089/pho.
2004.22.477.

Alghamdi, K. M., Kumar, A. & Moussa, N. A. (2012). Low-level laser
therapy: A useful technique for enhancing the proliferation of various
cultured cells. Lasers Med. Sci., 27, 237-249, http://dx.doi.org/
10.1007/s10103-011-0885-2.

Antonelou, M. H. et al. (2010). Aging and death signalling in mature red
cells: From basic science to transfusion practice. Blood Transfus.,
8(Supp. 3), 39-47, http://dx.doi.org/10.2450%2F2010.007S.

Hess, J. R. & Greenwalt, T. G. (2002). Storage of red blood cells: New
approaches. Transfus. Med. Rev., 16(4), 283-295, http://dx.doi.org/
10.1053/tmrv.2002.35212.

Walker, H. K. & Hall, W. D. (1990). Clinical methods: The history,
physical, and laboratory examinations, 3rd ed. Boston: Butterworth-
Heinemann.



Journal of Physical Science, Vol. 27(3), 85-95, 2016 95

25.

26.

Mikirova, N. et al. (2004). Monitoring of ATP levels in red blood cells
and T cells of healthy and IIl subjects and the effects of age on
mitochondrial potential. J. Orthomol. Med., 20, 50-58.

Betz, T. et al. (2009). ATP-dependent mechanics of red blood cells.

Proceed. Nat. Acad. Sci. US, 106(36), 15320-15325, http://dx.doi.org/
10.1073/pnas.0904614106.



