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ABSTRACT

Background: People occasionally undergo medical diagnostic X-ray examinations
and expose their red blood cells to radiation. Radiation that is generated from
medical diagnostic X-ray machines is widely used in medical diagnoses. One of the
important parameters is kilo-voltage (kV) that is applied across the X-ray tube in
medical diagnostic X-ray machines. Kilo-voltage influences the radiation dosage.
The aim of this study is to determine the hemolysis, osmotic fragility, and
fluorescence anisotropy value on irradiated red blood cells as a function of kV
during medical diagnostic X-ray examinations. Materials and Methods: The kV,
kilo-voltage that is applied across an X-ray tube, of a medical diagnostic X-ray
machine was operated at 50, 70 and 100 kV. We determined the hemolysis,
osmotic fragility, and fluorescence anisotropy value in red blood cells at 0.5 and 4
hours post-irradiation. In order to determine hemolysis and osmotic fragility, the
release of hemoglobin was measured by spectrophotometry technique. 1,6-
diphenyl-1,3,5-hexatriene (DPH) was used as a molecular probe for determining
fluorescence anisotropy value by fluorescence anisotropy technique. Non-irradiated
red blood cells served as the control. Results: For the 50, 70, and 100 kV of
medical diagnostic X-rays, the hemolysis, osmotic fragility, and fluorescence
anisotropy values of irradiated red blood cells at 0.5 and 4 hours
post-irradiation did not significantly change when compared to the control.
Conclusion: Our results suggested that 50, 70, and 100 kV of medical diagnostic X
-ray did not influence hemolysis, osmotic fragility, and fluorescence anisotropy
values of irradiated red blood cells.
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cell membrane, RBCs are highly susceptible to
oxidative stress that is implicated in the

INTRODUCTION

X-rays are widely used in medical diagnosis
for diseases. After receiving an X-ray
examination, blood cells are exposed to
radiation. The most common type of blood cells
are red blood cells, (RBCs) which
delivers oxygen (0:) to the body tissues by
blood flow through the circulatory system. Red
blood cells are biconcave anucleated cells
containing hemoglobin molecules (1.2). Because
RBCs are oxygen deliverers and have a high
concentration of polyunsaturated fatty acids in

pathogenesis of diseases which can be induced
by radiation G- 4. Consequently, the changing of
RBCs properties is an indicator for predicting a
disease or morbidity G 5. The effects of
radiation on RBCs have been reported in various
studies. Most of these reports mainly studied by
using gamma rays (6-12). This may be due to the
widespread use of gamma rays for preventing
transfusion-associated-graft versus host
diseases (TA-GvHD) in RBCs transfusion units. In
addition, the effects of high dose X-ray on red
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blood cells have been documented on
[AEA-TECDOC-934. However, those high doses X
-ray are not used in medical diagnosis imaging
(13), X-rays that are used in medical diagnosis,
particularly for tissue or organ imaging in
diagnostic radiology in hospitals, are generated
from medical X-ray machines. There are several
parameters involved in operating a medical
X-ray machine for generating X-rays. One of the
important parameters is kilo-voltage (kV), the
voltage that is applied across an X-ray tube,
which influences the energy of the X-ray and
radiation dosage (14). To improve the quality of X
-ray imaging, kV has to be increased which
results in higher dosages of radiation exposure
in patients. As mentioned earlier, RBCs are
common cells that are exposed to X-rays during
all X-ray examinations, thus the increments of kV
may affect RBCs. This study was carried out in
order to understand the influence of kV in
medical X-ray machines on RBCs, as well as on
hemolysis, which reflects a change in the RBCs
membrane integrity; osmotic fragility, which
reflects the capacity of RBCs to resist hemolysis;
and on fluorescence anisotropy, which reflects
the fluidity of RBCs membranes.

MATERIALS AND METHODS

Irradiation

Blood sample collected from two healthy
male, age 20-30 years old who had no history of
previous exposure to any clastogens. Blood
sample collections were performed under the
approved guidelines by the Institutional
Committees on Research Involving Human
Subjects approval of the Faculty of Associated
Medical Sciences, Chiang Mai University.

The red blood cells were separated from
anticoagulated human whole blood using a ficoll
hypaque solution (Lymphoprep™, Norway). The
red blood cells were exposed to medical diag-
nostic X-rays generated by a medical diagnostic
X-ray machine (Quantum Medical Imaging,
Caresteam, Quest HF series) located in the
Department of Radiologic Technology, Faculty of
Associated Medical Sciences, Chiang Mai
University, Chiang Mai, Thailand. The medical
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diagnostic X-ray machine operated at 50, 70, and
100 kV (energy spectra showed in figure 1) with
the current tube x times (milli-ampere x
second, mAs) equaling 100 mAs. The red blood
cells were placed 100 cm from the medical
diagnostic X-ray tube. The field of view was 10
cm x 10 cm. The non-irradiated red blood cells
served as the control.

Intensity

10 20 30 40 50 60 70 80 90 100 110
keV

Figure 1. Energy spectra of X-ray from medical diagnostic X-ray
machine that operated at 50, 70, and 100 kV.

Hemolysis

The hemoglobin released from the cells was
used as an indicator of red blood cells hemolysis.
25 uL of irradiated red blood cells at 0.5 and 4
hours post-irradiation were incubated in 725 uL
phosphate buffer saline (PBS), and in 725 uL
distilled H20 for 30 minutes at 37°C. Next,
samples were centrifuged at 7,000 rpm, for 1
minute. The release of hemoglobin into the
supernatant was determined by
spectrophotometer. The absorbance (Abs) at
415 nm was used to calculate the percentage of
hemolysis as equation (1).

Percentage of hemolysis = (Abs @4151m) in PBS /
AbS (415 nm) in H20) x 100

Where; Abs @415nm) in PBS and Abs 415mm) in
H>O0 were the absorbance of the release of
hemoglobin into PBS and H:0, respectively.

Osmotic fragility (OF)
The osmotic fragility test was used to
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determine the degree of hemolysis. 25 uL of
irradiated red blood cells at 0.5 and 4 hours post
-irradiation were incubated in 1,000 uL of 0.9%,
0.7%, 0.5%, 0.3%, 0.1%, and 0.05% sodium
chloride solutions for 3 minutes at 37°C.
Afterward, samples were centrifuged at 7,000
rpm, for 1 minute. The release of hemoglobin
into the supernatant was determined by
spectrophotometer. The OFsg (the concentration
of sodium chloride can induce hemolysis of red
blood cells by 50%) was determined by plotting
the relationship between absorbance at 415 nm
versus the concentration of sodium chloride
solution.

Fluorescence anisotropy

The fluidity of red blood cell membranes was
determined by the fluorescence anisotropy
technique. The DPH was used as a molecular
probe. 5 pL of irradiated red blood cells at 0.5
and 4 hours post-irradiation were incubated in 2
mL PBS, pH 7.4, 37°C, containing 1 pM DPH for
30 minutes. The sample was excited with
vertically polarized light (377 nm) and the
vertical and horizontal emissions (460 nm) were
measured. Fluorescence anisotropy value was
defined by given equation (2).

Fluorescence anisotropy = (Ivv - Glvu) / (Ivv +
2Glvn)
G=1Inv/ Inn

Where; Iyv: The intensity of sample that was
excited with vertically polarized light and the
vertical emission. Iva: The intensity of sample
that was excited with vertically polarized light
and the horizontal emission. Iuv: The intensity of
the sample that was excited with horizontally
polarized light and the vertical emission. Iyn: The
intensity of sample that was excited with
horizontally polarized light and the horizontal
emission.

Statistical analysis

The statistical analysis were performed on
the Microsoft Excel. At each harvest time (0.5
and 4 hours post-irradiation), all assays
(hemolysis, osmotic fragility, and fluorescence
anisotropy) were performed in duplicate for
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each kV. Next, the average value for each subject
was obtained. Subsequently, the average value
and standard deviation (SD) for each kV were
calculated from the means of the two subjects.

We used Student’s-t tests to compare results
between controls and irradiated red blood cells.
A p value of less than 0.05 was considered as
statistically significant.

RESULTS

Hemolysis

At 0.5 hour post-irradiation, the percentage
of hemolysis in the control was 1.99 * 0.10. The
percentage of hemolysis in the irradiated red
blood cells were 2.03 * 0.37, 2.06 * 0.49 and
2.34 * 0.54 for 50, 70, and 100 kV, respectively.
These results did not show a significant
difference  when compared to the control
(figure 2).

At 4 hours post-irradiation, the percentage of
hemolysis in the control was 2.77 + 0.14. The
percentage of hemolysis in the irradiated red
blood cells were 2.96 * 0.29, 2.77 * 0.33 and
3.66 = 0.43 for 50, 70, and 100 kV, respectively.
These results also did not show a significant
difference  when compared to the control
(figure 2).

| 0.5 hour post-irradiation
| [ 4 hours post-irradiation

% hemolysis

0 50 70 100
kV

Figure 2. Effect of kV on % hemolysis of irradiated red blood
cells at 0.5 hour post-irradiation and 4 hours post-irradiation.
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Osmotic fragility (OF)

At 0.5 hour post-irradiation, the OFso of the
control was 0.73 * 0.04. The OFso of the
irradiated red blood cells were 0.75 * 0.03, 0.75
+ 0.04 and 0.76 + 0.07 for 50, 70, and 100 KV,
respectively, which did not show a significant
difference as compared to the control (figure 3).

At 4 hours post-irradiation, the OFso of the
control was 0.69 * 0.03. The OFso of the
irradiated red blood cells were 0.76 + 0.02, 0.78
+ 0.02 and 0.80 £ 0.02 for 50, 70, and 100 kV,
respectively, These results also did not show a
significant difference compared to the control,
except in the red blood cells that were exposed
to 100 kV of medical diagnostic X-rays (figure 3).

1.2 | HI 0.5 hour post-irradiation

1.04 [IIm 4 hours post-irradiation

0.8

0.6

OF5)

0.4-
0.2

0.0+ - - .
0 50 70 100
kV

Figure 3. Effect of kV on osmotic fragilitysq (OFse) of irradiated
red blood cells at 0.5 hour post-irradiation and 4 hours post-
irradiation * : p < 0.05 versus control.

Fluorescence anisotropy

At 0.5 hour post-irradiation, the fluorescence
anisotropy value of the control was 0.26 + 0.03.
The fluorescence anisotropy values of the
irradiated red blood cells were 0.36 + 0.18, 0.21
+ 0.02 and 0.22 * 0.01 for 50, 70, and 100 kV,
respectively; which did not show a significant
difference compared to the control (figure 4).

At 4 hours post-irradiation, the fluorescence
anisotropy value of the control was 0.22 + 0.01.
The fluorescence anisotropy values of the
irradiated red blood cells were 0.15 + 0.09, 0.22
+ 0.03 and 0.22 + 0.02 for 50, 70, and 100 KV,
respectively; which also did not show a
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significant difference as compared to the control
(figure 4).
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Figure 4. Effect of kV on fluorescence anisotropy of irradiated
red blood cells at 0.5 hour post-irradiation and 4 hours
post-irradiation.

DISCUSSION

The effect of gamma and X-rays on blood and
blood components for sterilization, for
inactivation of a particular blood component
such as, for example, lymphocytes in preventing
graft versus host disease have been documented
on [AEA-TECDOC-934 (13). In diagnostic
radiology, X-ray images are created by X-rays
that are generated from X-ray machines in
hospitals. When generating X-rays, the kV of the
X-ray machine is an important parameter since
kV influences the energy of the X-rays (figure 1).
Moreover, kV is associated with radiation dosage
(4, It is known that radiation can induce the
formation of free radicals which causes a variety
of cell membrane changes. Membranes of RBCs
have an abundance of polyunsaturated lipids and
hemoglobin that react to free radicals initiating
lipid peroxidation (15, resulting in induction of
oxidative stress conditions. It is widely known
that oxidative stress condition causes disease.
Hence, the possible effects of red blood cells
concerning exposure to kV of X-rays is being
evaluated. Our results suggests that red blood
cells exposed to 50, 70, and 100 kV of X-rays at
0.5 and 4 hours post-irradiation did not change
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the percentages of hemolysis and OFsy, except in
the OFso of red blood cells exposed to 100 kV of
X-rays at 4 hours post-irradiation. In addition,
red blood cells exposed to 50, 70, and 100 kV of
X-ray at 0.5 and 4 hours post-irradiation also did
not change in fluorescence anisotropy. In con-
trast, Mestres et al. studied the effects of X-rays
of 30, 80 and, 120 kV on chromosome
aberrations using cytogenetic fluorescence in
situ hybridization (FISH). The induction of
complex chromosome aberrations evidenced by
three or more breaks in two or more
chromosomes, by 30, 80, and 120 kV of X-rays
were compared. The results indicated that the
percentage of complex chromosome aberrations
were 14.1 + 1.9,9.8 + 1.6, and 7.8 + 1.19 for 30,
80, and 120 kV, respectively. This suggests that
complex chromosome aberrations increased as
kV deceased (16). In addition, our results were
dissimilar to other studies previously reported
in the literature (17-20), Hence, differences in cell
types, radiation energy, radiation doses, and
biological endpoints may contribute to the
dissimilar findings regarding the effects of kV
result based on the results of our study. In
conclusion, the results obtained in the present
study suggest that 50, 70, and 100 kV medical
diagnostic X-rays did not show any effects on
hemolysis, osmotic fragility, and fluorescence
anisotropy values of irradiated red blood cells at
0.5 and 4 hours post-irradiation.

Conflicts of interest: Declared none.

REFERENCES

1. Salvagno GL, Sanchis-Gomar F, Picanza A, Lippi G (2015)
Red blood cell distribution width: A simple parameter with
multiple clinical applications. Critical Reviews in Clinical
Laboratory Sciences, 52(2): 86-105.

2. Maurya PK, Kumar P, Chandra P (2015) Biomarkers of
oxidative stress in erythrocytes as a function of human
age. World Journal of Methodology, 5(4): 216-22.

3. Petibois C and Déléris G (2005) Evidence that erythrocytes
are highly susceptible to exercise oxidative stress: FT-IR
spectrometric studies at the molecular level. Cell Biology
International, 29(8): 709-16.

4. Habif S, Mutaf I, Turgan N, Onur E, Duman C, Ozmen D, et
al. (2001) Age and gender dependent alterations in the

127

activities of glutathione related enzymes in healthy
subjects. Clinical Biochemistry, 34(8): 667-71.

5. Petibois C and Deleris G (2004) Oxidative stress effects on
erythrocytes determined by FT-IR spectrometry. The Ana-
lyst, 129(10): 912-6.

6. Davey RJ, McCoy NC, Yu M, Sullivan JA, Spiegel DM, Leit-
man SF (1992) The effect of prestorage irradiation on
posttransfusion red cell survival. Transfusion, 32(6): 525-8.

7. Hirayama J, Abe H, Azuma H, lkeda H (2005) Leakage of
potassium from red blood cells following gamma ray irra-
diation in the presence of dipyridamole, trolox, human
plasma or mannitol. Biological & Pharmaceutical Bulletin,
28(7): 1318-20.

8. Maia GA, Reno Cde O, Medina JM, Silveira AB, Mignaco JA,
Atella GC, et al. (2014) The effect of gamma radiation on
the lipid profile of irradiated red blood cells. Annals of
Hematology, 93(5): 753-60.

9. Patel RM, Roback JD, Uppal K, Yu T, Jones DP, Josephson
CD (2015) Metabolomics profile comparisons of irradiated
and nonirradiated stored donor red blood cells. Transfu-
sion, 55(3): 544-52.

10. Walpurgis K, Kohler M, Thomas A, Wenzel F, Geyer H,
Schanzer W, et al. (2013) Effects of gamma irradiation and
15 days of subsequent ex vivo storage on the cytosolic red
blood cell proteome analyzed by 2D-DIGE and Orbitrap
MS. Proteomics Clinical Applications, 7(7-8): 561-70.

. Winter KM, Johnson L, Kwok M, Reid S, Alarimi Z, Wong JK,
et al. (2015) Understanding the effects of gamma-
irradiation on potassium levels in red cell concentrates
stored in SAG-M for neonatal red cell transfusion. Vox
Sanguinis, 108(2): 141-50.

12. Xu D, Peng M, Zhang Z, Dong G, Zhang Y, Yu H (2012)
Study of damage to red blood cells exposed to different
doses of y-ray irradiation. Blood Transfusion, 10: 321-30.

13. International Atomic Energy Agency (1997) IAEA-TECDOC-
934 Effects of ionizing radiation on blood and blood com-
ponents: A Survey. Vienna: IAEA.

14. Ay MR, Shahriari M, Sarkar S, Ghafarian P (2004) Measure-
ment of organ dose in abdomen-pelvis CT exam as a func-
tion of mA, KV and scanner type by Monte Carlo method.
Int J Radiat Res, 1(4): 187-94.

15. Mestres M, Caballin MR, Barrios L, Ribas M, Barquinero JF
(2008) RBE of X rays of different energies: a cytogenetic
evaluation by FISH. Radiation Research, 170(1): 93-100.

16. Roos H, Schmid E (1998 ) Analysis of chromosome aberra-
tions in human peripheral lymphocytes induced by 5.4 keV
X-rays. Radiat Environ Biophys, 36(4): 251-4.

17. Schmid E, Bauchinger M, Streng S, Nahrstedt U (1984)The
effect of 220 kVp X-rays with different spectra on the dose
response of chromosome aberrations in human lympho-
cytes. Radiat Environ Biophys, 23(4): 305-9.

18. Schmid E, Regulla D, Kramer HM, Harder D (2002) The
effect of 29 kV X rays on the dose response of chromo-
some aberrations in human lymphocytes. Radiation
Research, 158(6): 771-7.

19. Virsik RP, Harder D, Hansmann | (1977) The RBE of 30 kV X-
rays for the induction of dicentric chromosomes in human
lymphocytes. Radiation and Environmental Biophysics, 14
(2): 109-21.

Int. J. Radiat. Res., Vol. 16 No. 1, January 2018

1

=


http://dx.doi.org/10.18869/acadpub.ijrr.16.1.123
https://mail.ijrr.com/article-1-2149-en.html

[ 22-90-9202 U0 Wwoo" L1 |few wouj papeojumo( | [ €ZT°T9T 1lrgndpede/s988T 0T :10d ]


http://dx.doi.org/10.18869/acadpub.ijrr.16.1.123
https://mail.ijrr.com/article-1-2149-en.html
http://www.tcpdf.org

