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Abstract
Background: The biological effects of high levels of radiation exposure are fairly well known, but the effects of
low levels of radiation are more difficult to determine because the deterministic effects do not occur at these
levels.
Methods: In order to assess the risk of this exposure on BM thrombopoiesis, we measured reticulated platelets (RP)
by flow cytometry in 14 hospital workers (12 technicians and 2 nurses) exposed to low level ionizing radiation in
Radiotherapy Department in South Egypt Cancer Institute.
Results: There are significant difference in the percentage of RP in the peripheral circulation of the workers (p =
.008) and no significant difference in the proportion of other blood elements in the peripheral circulation.
Conclusions: We think that measuring RP by flow cytometry is a rapid, non-invasive method to asses an early
affection of thrombopoiesis. This type of monitoring may be used as an indicator to detect early BM affection and
to demand more controls in radiation protection.

Introduction
Evaluation of thrombopoiesis by quantifying reticulated
platelets (RP) has been described [1,2]. RP by analogy to
reticulocytes, are the youngest circulating platelet population and they contain abundant amounts of mRNA.
RP were first described in 1969 [3] by direct visualization from peripheral blood. In 1990, Kienast and
Schmitz reported the first measurement of RP by flow
cytometry. RP measurement is a non-invasive test that
provides indirect information about thrombopoietic
activity in bone marrow [4].
A chronic radiation dose is a relatively small amount
of radiation received over a long period of time. The
body is better equipped to tolerate a chronic dose than
an acute dose. The body has time to repair damage
because a smaller percentage of the cells need repair at
any given time. The body also has time to replace dead
or non-functioning cells with new, healthy cells. This is
the type of dose received as occupational exposure [5].
The toxicological effects of high levels of radiation
exposure are fairly well known, but the effects of low
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levels of radiation are more difficult to determine
because the deterministic effects do not occur at these
levels [5].
Since deterministic effects do not generally occur with
chronic dose, in order to assess the risk of this exposure,
we must look to other types of effects. The risks for
these effects are not directly measurable in populations
of exposed workers, therefore the risk values at occupational levels are estimates based on risk factors measured at high doses [5].
The purpose of this work was to provide data on the
thrombopoiesis affection due to the occupational exposure to ionizing radiation, by noninvasive, sensitive indicator which is RP value assessed by flow cytometry.

Materials and methods
Subjects

Blood samples were obtained from 14 hospital workers
(12 technicians and 2 nurses) exposed to low level ionizing radiation in Radiotherapy Department in South Egypt
Cancer Institute (Table 1). All of them gave written
informed consent to participate in this study. Radiation
dose accumulated by occupationally exposed over years
was calculated on the basis of individual TL-dose records
and multiplied with exposure time. All measurements
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Table 1 Demographic data of 14 hospital workers
exposed to low level ionizing radiation
No

Sex

Age Smoking Working Exposure/ Instrument TLD
since
day

1

Male

34y

+

3/1998

6hrs

Mould
room

0.6

2

Male

32y

-

3/1998

4hrs

Linear

0.86

3

Male

27y

-

4/2002

4hrs

Linear

0.53

4

Male

34y

+

3/1998

4hrs

Linear

0.61

5
6

Male
Male

32y
33y

+
+

3/1998
3/1998

4hrs
4hrs

Linear
Linear

0.99
0.54

7

Male

27y

-

7/2003

4hrs

Linear

0.63

8

Male

33y

+

3/1998

4hrs

Linear

0.32

9

Female 33y

-

1/1998

4hrs

Linear

0.71

10

Female 34y

-

1/1998

6hrs

Simulator

0.98

11

Female 32y

-

1/1998

6hrs

simulator

0.85

12

Female 32y

-

1/1998

6hrs

simulator

0.72

13
14

Female 33y
Female 25y

-

1/2007
7/2003

6hrs
6hrs

Nurse
Nurse

0.16
0.43

platelets. The threshold of TO fluorescence was chosen
so that more than 99% of the CD61-PerCP positive
population was negative for TO. In each session, a sample with a normal number of platelets was used as a
control [6].
Statistical analysis

The data were collected, categorized and processed by
using Statistical Package for Social Sciences (SPSS), version 15 software package. The quantitative variables
were expressed as mean ± standard deviation (SD) and
comparison was done using paired students t-test.
P-value levels of <0.05 was considered statistically significant. Correlations between quantitative variables were
done using Pearson correlation and multiple regression
analysis by stepwise method.

Methods

Results
The laboratory data of all workers and controls are
listed in table 2. The present study revealed significant
difference in the percentage of RP in the peripheral circulation of the workers exposed to low level ionizing
radiation when compared to those of the controls (p =
.008). In addition, there was no significant difference in
the proportion of other blood elements in the peripheral
circulation of the workers compared to those of the
controls.
The percentages of RP in the peripheral circulation of
the workers not significantly correlated with other studied variables. All studied variables showed no significant correlation with the TL dose or exposure time.

Blood was collected in EDTA tubes. All blood samples
were analyzed less than 6 hours after collection. Five μl
of whole blood were incubated for 15 min in the dark at
room temperature with 5 μl of Per-CP labeled antiglycoprotein III (CD61-PerCP Becton Dickinson SA) and
30 μl of phosphate buffer saline (PBS). A control tube
was used for each sample with 5 μl of isotypic mouse
control (IgG1-mouse PerCP Becton Dickinson SA).
After incubation, 1 ml thiazole orange (TO; Retic-count,
Becton Dickinson SA) 1/10 solution in Flow sheath was
added to the test tube and 1 ml Flow sheath (Becton
Dickinson SA) solution was added to the control tube.
After incubation for 1 hour in the dark at room temperature, analysis by flow cytometry was performed
immediately using FACSCaliber (BD, USA).
Identifying of platelets according to their characteristic
were determined using (log forward scatter) for size and
(log side scatter) for granularity. Platelet gate was
adjusted such that >95% of the particles analyzed were
anti CD61 positive. A dot plot cytogram (CD61-PerCP
versus TO fluorescence) was generated, and RP rate was
expressed as a percentage of both a TO and CD61PerCP positive population among 10,000 identified

Discussion
Exposure to low doses of ionizing radiation is a fact of
life in certain occupational settings. Radiation accidents,
while unfortunate at the minimum and devastating in
the worst cases, will no doubt continue to occur. Fortunately most radiation exposures involve low doses
(<1 Gy) and as such do not have immediate life threatening effects. However, long-term effects of low-dose
exposures may be real and should be given serious
consideration [7].
Since small doses of radiation are known to diminish
the effects of subsequent larger doses, a phenomenon
that is called adaptive response [8], it is possible that
chronic exposure may lead to a state in which some
cells have certain cytoprotective genes that are perpetually expressed at elevated levels. The results of such
an effect, if true, would mean that the actual dose is
underestimated, perhaps by a significant amount [7].
Therefore, it is important to provide data on the
actual effect of occupational exposure to ionizing radiation. As the hemopoietic system is the most sensitive
biological indicator of radiation exposure [5], we

were performed by dosimetry system (HARSHAW TLD
6000 card reader). We have also studied 14 unexposed
controls with matched sex and age (7 males and 7
females; age 31 ± 2.7 years). Thorough history and clinical examination and complete blood picture were done
for all controls included in this study. Only individuals,
without concurrent infections and medications (esp.
aspirin) and no general and dental X-rays in the last
6 months were included in the control group.
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Table 2 Laboratory data of 14 hospital workers exposed to low level ionizing radiation and 14 controls
Hb (g/dL)

Hct (%)

MCV (fL)

Platelets (×109/L)

MPV (fL)

RP (%)

Workers

12.8 ± 1.7

38 ± 4.7

81.5 ± 8.2

246.6 ± 44.2

8.3 ± 0.88

12.5 ± 5.5

Controls

12.3 ± 1.8

37.6 ± 4.9

81.8 ± 5.4

239.2 ± 57

8.4 ± 1.3

5.6 ± 2.6

P value

0.5

0.9

0.9

0.7

0.8

0.008

Quantitative variables are expressed as mean ± standard deviation.
Hb = hemoglobin; Hct = hematocriet; MCV = mean corpuscular volume; MPV = mean platelet volume; RP = reticulated platelets.

assessed the thrombopoiesis affection due to the occupational exposure to ionizing radiation by measuring
RP. We found an increased percentage of RP in the
workers than healthy controls. The number of reticulated platelets reflects the rate of thrombopoiesis;
increasing when platelet production rises and decreasing
when production falls [9,10].
This is in agreement with Fliedner and Graessle [11]
who reviewed the role of cell renewal systems in maintaining the integrity of the mammalian organism after
irradiation. First, eleven radiation emergencies characterized by chronic or protracted exposure of the human
beings to ionizing irradiation were “revisited”. The data
provide evidence to suggest that at a daily exposure of
about 10-100 mSv, humans are capable of coping with
the excess cell loss for weeks or even many months
without hematopoietic organ failure. Below 10 mSv/day,
the organisms show some cellular or subcellular indicators of response. At dose rates above 100 mSv/day, a
progressive shortening of the life span of the irradiated
organism is observed. To elucidate the mechanisms
relevant to tolerance or failure, the Megakaryocytethrombocyte cell renewal system was investigated.
A biomathematical model of this system was developed
to simulate the development of thrombocyte concentration as a function of time after onset of chronic radiation exposure. The hematological data were taken from
experimental chronic irradiation studies with dogs at the
Argonne National Laboratory, USA. The results of
thrombocyte response patterns are compatible with the
notion of an “excess cell loss” (compared to the steadystate) in all proliferative cell compartments, including
the stem cell pool. The “excess cell loss” is a function of
the daily irradiation dose rate. Once the stem cell pool
is approaching an exhaustion level, a “turbulence region”
is reached. Then it takes a very little additional stress for
the system to fail. So an accurate, rapid and reliable
techniques are important to asses the risks following
exposures below 1 Gy.

Conclusion
We think measuring RP by flow cytometry is a rapid,
non-invasive method to asses an early affection of
thrombopoiesis. This type of monitoring may be used as
an indicator to detect early BM affection and to demand
more controls in radiation protection.

Author details
1
Flow Cytometry Lab., Department of Clinical pathology, South Egypt Cancer
Institute, Assiut University, Assiut, Egypt. 2Department of Radiotherapy, South
Egypt Cancer Institute, Assiut University, Assiut, Egypt. 3Department of
Forensic Medicine and Clinical Toxocology, Faculty of Medicine, Assiut
University, Assiut, Egypt. 4Department of Clinical pathology, Faculty of
Medicine Assiut University, Assiut, Egypt.
Authors’ contributions
DS carried out the lab studies, participated in the sequence alignment,
performed the statistical analysis and drafted the manuscript. MEA
participated in the sequence alignment. SYA participated in the design of
the study and. HG conceived of the study. All authors read and approved
the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 2 December 2010 Accepted: 23 February 2011
Published: 23 February 2011
References
1. Abe Y, Wada H, Tomatsu H, Sakaguchi A, Nishioka J, Yabu Y, Onishi K,
Nakatani K, Morishita Y, Oguni S, Nobori T: A simple technique to
determine thrombopoiesis level using immature platelet fraction (IPF).
Thromb Res 2006, 118:463-469.
2. Briggs C, Kunka S, Hart D, Oguni S, Machin SJ: Assessment of an immature
platelet fraction (IPF) in peripheral thrombocytopenia. Br J Haematol
2004, 126:93-99.
3. Ingram M, Coopersmith A: Reticulated platelets following acute blood
loss. Br J Haematol 1969, 17:225-9.
4. Kienast J, Schmitz G: Flow cytometric analysis of thiazole orange uptake
by platelets: a diagnostic aid in the evaluation of thrombocytopenic
disorders. Blood 1990, 75:116-21.
5. Jefferson Lab: Radiation biological effects. [http://www.jlab.org/div_dept/
train/rad_guide/effects.html].
6. Jiménez MM, Guedán MJ, Martin LM, Campos JA, Martinez IR, Vilella CT:
Measurement of reticulated platelets by simple flow cytometry: An
indirect thrombocytopoietic marker. Eur J Int Med 2006, 17:541-544.
7. Tucker JD: Low-dose ionizing radiation and chromosome translocations:
A review of the major consideration for human biological dosimetry.
Mutat Res 2008, 659:211-220.
8. Tapio S, Jacob V: Radioadaptive response revisited. Radiat Environ Biophys
2007, 46:1-12.
9. Ault KA, Rinder HM, Mitchell J, Carmody MB, Vary CP, Hillman RS: The
significance of platelets with increased RNA content (reticulated
platelets). A measure of the rate of thrombopoiesis. Am J Clin Pathol
1992, 98:637-646.
10. Richards EM, Baglin TP: Quantitation of reticulated platelets: methodology
and clinical application. Br J Haematol 1995, 91:445-451.
11. Fliedner TM, Graessle DH: Hematopoietic cell renewal systems:
mechanisms of coping and failing after chronic exposure to ionizing
radiation. Radiat Environ Biophys 2008, 47(1):63-69.
doi:10.1186/1755-7682-4-8
Cite this article as: Sayed et al.: Does occupational exposure to lowdose ionizing radiation affect bone marrow thrombopoiesis?
International Archives of Medicine 2011 4:8.

