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Abstract—The objective of this study is to explore the effect
of gamma irradiation on the hematological and biochemical
parameters of complete blood counts for diabetic and healthy
people. A total of 20 blood samples were collected from people
with diabetes, and 20 samples were collected from healthy
people of different ages. The samples were analyzed before
and after exposing to irradiation (0.5 mCi Cs-137 Gamma-ray
standard source) using a Hematology analyzer to determine
the hematological and biochemical parameters. Significant
changes were observed between the control samples before and
after exposing to irradiation. The results showed a significant
change in the number of Red Blood Cells at 18.863 mGy/hr.
compared with the control sample in healthy and unhealthy
people from 4.47x10° pL to 1.82x10° pL and from 4.32x10° pL
to 1.05x10° pL, respectively. The results also showed a
significant change in all hematological and biochemical
parameters such as WBC, PLT, Hb, Hct, Mcv, McH, and
HcHc after exposing to irradiation, especially at a high dose
rate of more than 5 mGy/hr. The obtained results are in a good
agreement with the data that were recommended by
recognized international organizations and agencies such as the

EPA, IAEA, WHO, UNSCEAR, and ICRP.

Keywords— Blood, Hematology, Diabetes Mellitus, Gamma
Irradiation, Dosimetry.

I. INTRODUCTION

The majority of diseases, regardless of their effects on the
body organ, cause alterations in the blood at some point or
over time [1]. Type 2 diabetes mellitus (DM), one of the
most prevalent of these illnesses, can lead to End-Stage
Renal Disease (ESRD)[2]. For example, diabetes cause
unigue alterations in Kkidney structure x, and hyaline
arteriosclerosis,  diffusive  mesangial sclerosis, and
increasing in glomerular basement membrane width [3].
Diabetic nephropathy, one of the most serious complications
of diabetes mellitus. It affects African Americans, Asians,
and Native Americans more frequently than Caucasians [4-
6]. Most patients with renal disease have normocytic,
normochromic anemia, which is primarily caused by

decreasing in the renal erythropoietin production. Practically
speaking About 90% of an individual's erythropoietin
production occurs in the kidney, Anemia happens if the
patient has one or more of the following m decreasing in
Hb, hematocrit, or RBC, [7] Prior to the onset of advanced
renal failure (serum creatinine 1.8 mg/dl), anemia has been
linked to erythropoietin insufficiency in patients with
diabetic nephropathy [7]. Target Hb levels for diabetic
individuals should be 12-13 g/dl, and the chance that
erythropoietin treatment could cause blood pressure [8].
Patients with CKD who have diabetes may experience
anemia due to some reasons like iron and erythropoietin
deficiency, and hypo responsiveness to erythropoietin's
effects. Chronic renal illness is typically the source of these
people's lack of erythropoietin; as a result, you will have
anemia and fewer red blood cells [9]. When Hb is less than
11 g/dl in patients who have diabetic and renal disease,
doctors’ advice patients to think about treating anemia [10].
In order to accurately assess hematological function and
diagnose associated diseases, careful blood analysis is
frequently required [11]. Many hematological problems are
also identified by certain blood tests. The analysis of blood
smears and hematological parameters provides crucial
diagnostic data on cellular morphology, quantification of the
blood cellular components, and evaluation of cellular size
and shape that enables the formation of broad differential
diagnostic impressions and guides further testing. The
International Diabetes Federation (IDF) reported that there
would be 2,011,400 adult cases of diabetes in Irag in 2021,
or a mean 9.4% prevalence of the disease among the
21,391,100 adults in the country [12]. This study set out to
investigate how gamma irradiation affected the biochemical
and hematological aspects of complete blood counts in both
healthy and diabetic individuals.
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A. Study area

The study was conducted in Thi Qar Governorate, which is
located in the southern part of Iraq between latitudes (29.5
and 31.5) north and between arcs of length (46.4 and 47.65)
east.

MATERIAL AND METHODS

B. Sampling and Sample Preparation

a) study's participants
The study's participants were divided into two groups:
unhealthy group, a group of type 2 diabetic patients. The
samples from this group were divided into two parts: one
part was as a control sample and the second part of the
samples exposed to gamma radiation. The second group of
individuals who were healthy, and also were divided in the
same manner of the first group.

b) Exclusion criteria
Patients with serious illnesses like cancer and HIV were
eliminated, along with those who had hypertension, liver
disorders, anemia, leukemia, or who had just undergone a
blood transfusion.

c¢) Ethical consideration

After being fully apprised of the study's precise aims,
participants in the study gave their informed consent.

d) Blood sample collection

Twenty blood samples were collected from donors’ people
with type 2 diabetes and the same amount from healthy
donors’ people in test tubes of 4 ml each. The samples of
diabetes patients and healthy donors were divided into four
groups [healthy donors (control), healthy donors
(irradiation), diabetic donors (control), and diabetic
(irradiation)]. The age range of diabetics was (29 to 70
years) and the healthy donors were (17 to 73 years). Each
sample was taken from the patient was transferred to the
measurement laboratory with special standard blood
containers. The time period between taking the sample from
the patient and exposing them to irradiation  for one hour.
For each irradiated sample, there was an equal portion that
was not irradiated and was used as a control sample. This
includes patients and healthy people.

C. Irradiation and measurements

a) Irradiation station
A container of lead, copper and aluminum was designed in
the form of a box with a thickness of 2 cm. It consists of the
body of the box, the cover, the holder of the radioactive
source used, and the limiter of the beam of photons falling
on the sample. It also contains a hole for the detector used to
measure the dose delivered to the sample instantly. Figure
(1) shows the most important parts of the irradiation system.
The samples were irradiated for 4 hours. At the same time,
the received dose from the sample was measured. The
energy spectrum of the photons transmitted from the sample
was collected to monitor the radiation distribution from the
sample. Three basic doses were adopted in the irradiation
process, which are (1.989, 4.891, and 18.863 mGy).

a) Gamma-ray Standard source

Caesium-137 (Cs-137) is a radioactive isotope of cesium
that is produced by the fission of uranium-235 and
plutonium-239 in nuclear reactors. This isotope releases
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gamma radiation of 662 KeV which can be detected and
monitored with a suitable device. The source was used in
the present study to irradiate samples for 4 hour’s period of
time in different dose rates. In present study, the used
activity of Cs137 is 0.5 mCi with three dose rates obtained
according to equation below [13],
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Fig. (1): Experimental setup of irradiation station.

D,=A(mC) xTx7172
Where D,. is the dose rate, A is the source activiy
(mCi), T is the gamma factor, and r is the distance from the
sample. The gamma factor I' for Cs137 radioactive Source
given by the formula [14],

@)

mcCi. hr
Table (1) contain the dose rates obtained the empirical
formula.

TABLE (1): DOSE RATES OF CS-137 SOURCE OBTAINED
FROM THE EMPIRICAL FORMULA EQ. (1), CALCULATED IN
PRESENT STUDY AS A FUNCTION OF DISTANCE FROM THE
SAMPLE.

Distance from the Dose rate Dose rate (mGy/h)
sample (rad/h)
(cm)
1 19134 19.134
2 0.4775 4.775
3 0.2122 2.122
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Fig. (2): (a) A diagram of the spectroscopy system used in present study.
(b) Handheld Digital Radiation Alert Detector, Inspector EXP

Using hematology and biochemistry equipment, we
investigated the effects of low doses of gamma radiation on
the stability of human blood components from healthy
donors and diabetic patients.

C. Measurement systems
a) Dose measurement

The measurement system consists of two type of detectors.
The first detector is UCS30 gamma spectrometer system
which includes 27x2” Nal (Tl) detector and the electronic
devices attached to it as shown in a diagram in figure (2).
Second detector is Handheld Digital Radiation Alert
Detector, Inspector EXP as a dosimeter. The two
measurements systems are calibrated using a standard
gamma ray source (Co-60, Ba-133, Cs-137, Mn-54, Na-22)
to determine the experimental efficiency and the accuracy of
the two detectors. The dosimeter was used to measure the
dose rate per hour of (0.5 mCi) Cs-137 source at different
distances (1, 2, 3 cm) from the sample and compared with
the dose rates obtained from equation (1). The results of the
measurements are shown in table (2). There is a little
deference between the calculated and measured dose rates,
therefore, we took the measured dose rates to irradiate the
samples. There is a little deference between the calculated
and measured dose rates, therefore, we took the measured
dose rates to irradiate the samples.

TABLE (2): THE DOSE RATES MEASURED USING INSPECTOR
DOSIMETER IN PRESENT STUDY.

Distance from the Dose rate Dose rate
sample (rad/h) (mGyl/h)
(cm)
1 1.8863 18.863
2 0.4891 4.891
3 0.1989 1.989

b) Hematology measurement
Samples were analyzed using the GENEX COUNT 60
hematological analyzer along with auxiliary calibrators,
control materials, and reagents. All of the reagents were still
within their validity period, and the analyzer was
successfully calibrated and closely observed by daily quality
control.
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Fig. (3): The variation of Chemical and hemato- logical parameters
between samples according to groups at a dose rate of 1.989
mGy/hr.

I11. RESULTS AND DISCUSSION

The results of irradiated blood samples of diabetes patients
showed a significant decrease in many hematological and
biochemical parameters as a function of gamma-ray dose
rate compared with control samples of the same category as
shown in figures (3), (4), and (5). The maximum decrease

in all parameters happened at a dose rate of 18.863 mGy/hr.
In fact, blood damage rises when dosage rates rise for both

healthy people and diabetics, but the effect is less
pronounced for healthy people.
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Fig. (4): The variation of Chemical and hemato- logical parameters between
samples according to groups at a dose rate of 4.891 mGy/hr.

One would anticipate that ionizing radiation would have
different effects on the stability of healthy and diabetic blood
components because many enzymatic pathways in diabetic
RBCs are altered, leading to a strong modification of the
lipid and protein membrane cells.
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Fig. (5): The variation of Chemical and hemato- logical parameters
between samples according to groups at a dose rate of 18.863 mGy/hr.

In fact, it appears that different enzymatic and chemical
processes are activated in these membranes by radiation
based on the distinct discontinuities and monotonic
hemolysis changes found in healthy and diabetic RBCs.
According to our measurements, at a high applied dose of
gamma radiation, the hemoglobin was found to modify in
both types of RBCs. The results of the investigations
suggested that diabetic blood components may be more



susceptible to damage from low doses of radiation than
healthy.

The results of the spectroscopy investigations suggested
that diabetic blood components may be more susceptible to
damage from low doses of radiation than healthy. The
variation in the main blood parameters for irradiated
samples, which are white blood cells WBC, red blood cells
RBC, and platelets PLT, is clearly seen in figures (6), (7),
and (8) respectively. This rapid decrease applies to other
parameters such as Hb, Hct, Mcv, McH, and HcHc, where
we notice a clear deterioration in the values of these
parameters with the increase in the applied dose as shown in
figure (9). We notice that the blood samples of diabetic
patients were clearly affected by gamma rays, especially in
doses greater than 5 mGy/hr compared to healthy blood
samples. This means that diabetic patients in general
suffered from a weakness in autoimmunity.
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Fig. (6): The variation of WBC between irradiated samples of healthy and
diabetic donors at different dose rate.
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Fig. (7): The variation of RBC between irradiated samples of healthy and
diabetic donors at different dose rate.

1.989 mGy/hr 4.891 mGy/hr

9

B Healthy Donors (Irradiated)
W Diabetic Donors (Irradiated)

3.53
I ]

18.863 mGy/hr

8

7

WBC (x1073/ul)

45
B Healthy Donors (Irradiated)
M Diabetic Donors (Irradiated)

1.82
I .

18.863 mGy/hr

4

35

RBC (x1016/uL)
= Ind
= [ N [ w

e
«

250
® Healthy Donors (Irradiated)

M Diabetic Donors (Irradiated)

18.863 mGy/hr

200

-
a
=]

PLT (x1013 /ul)
g

50

Dose Rate

Fig. (8): The variation of PLT between irradiated samples of healthy and
diabetic donors at different dose rate.
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Fig. (9): Variation of Hb, Hct, Mcv, McH, and HcHc between irradiated
and control samples of healthy and diabetic donors as a function of applied
dose rates.

IVV. CONCLUSIONS

In Irag, diabetes mellitus is considered a serious
problem either in cities or rural areas. Nowadays, diabetes
affects all ages, but the elderly were the most affected [5, 6].
There is a lot of research and studies supporting this
conclusion. Also, the disease usually affects men more than
women by a ratio of 3:2. Now women are more susceptible
to this disease, especially pregnant women [15]. From the
current study, we can conclude the following:

1- As expected, people with diabetes were more affected by
radiation, especially gamma rays, and their immunity
decreased as a result of exposure to these levels of radiation
doses as shown in the present study results.

2- Low radiation doses are effective on blood components
despite being low. The radiation effect is cumulative, and as
the exposing time was longer, the effect was greater.

3- The effect of the radiation dose on any blood factor is
irreversible except after exposure was stopped. There is a
possibility this factor will regain its effectiveness or can be
replaced, such as red and white blood cells, for people with
good autoimmunity system.

4 - It was found that red and white blood cells are the most
affected as a result of exposure to these levels of radiation
doses.

5 - Despite this change in the main and secondary blood
parameters as a result of exposure to these levels of
radiation doses, they are not significant changes that lead to
serious complications for people, especially if these doses



are instantaneous and not repeated. They are approximately
equivalent to the radiation doses that a person is exposed to
in imaging X-rays, in which the  exposure time does not
exceed a few seconds.

V. ACKNOWLEDGMENT

This research has been approved by the Department of
Diagnostic Laboratory Services of Al-Nasiriya Heart Centre
(NHC) (NHC-128-2023). We would like to thank the staff
of the Department of Diagnostic Laboratory Services for
their help in this study. We would also like to thank the staff
of the Environment and Radiation Pollution Research Lab
(ERPRL) in the Department of Physics, University of Thi
Qar, College of Science, for their help in the analysis of the
samples in this study.

CONFLICT OF INTEREST
Authors declare that they have no conflict of interest.

REFERENCES

[1] G.P. Talwar, L.M. Srivastava, “Textbook of

Biochemistry and Human Biology”, 3™ edition, Prentice-

Hall of India Pvt. Ltd., (2006).

[2] Kerner, W., Briickel, J., “Definition, classification and

diagnosis of diabetes mellitus. Experimental and clinical

endocrinology & diabetes™: official journal, German

Society of Endocrinology [and] German Diabetes

Association, 122(7), 384-386, (2014).

[3] A. D. Association, "Diagnosis and classification of
diabetes mellitus,” Diabetes care, vol. 33, pp. S62-
S69, 2010.

[4] Wi, M.; Kim, Y.; Kim, C.-H.;Lee, S.; Bae, G.-S.; Leem,
J.; Chu, H. “Effectiveness and Safety of Fufang Danshen
Dripping Pill (Cardiotonic Pill) on Blood Viscosity and
Hemorheological Factors for Cardiovascular Event
Prevention in Patients with Type 2 Diabetes Mellitus”,
Systematic Review and Meta-Analysis, Medicina (Kaunas,
Lithuania), 59(10), 1730, (2023).

[5] M. Abusaib, Ahmed M, Nwayyir HA, Alidrisi HA, Al-
Abbood M, Al-Bayati A, Al-lbrahimi S, Al-Kharasani A,
Al-Rubaye H, Mahwi T, Ashor A, Howlett H, Shakir M, Al-
Nagshbandi M, Mansour A., “Iraqi Experts Consensus on
the Management of Type 2 Diabetes/Prediabetes in Adults”,
Clin  Med Insights Endocrinol  Diabetes, 19;
13:1179551420942232, (2020).

[6] A. A. Mansour, Al-Maliky A. A., Kasem B, Jabar A,
Mosbeh KA. “Prevalence of diagnosed and undiagnosed
diabetes mellitus in adults aged 19 years and older in
Basrah, Iraq”. Diabetes Metab Syndr Obes., 7:139-144;
(2014).

[71 A.Von Eckardstein, “Diabetes mellitus”, [CME
laboratory tests. Diabetes mellitus]. Praxis, 102(6), 357—
361, (2013).

[8] F. Bernadette Rodak; Jacqueline H. Carr, “Clinical
Hematology Atlas «, Elsevier, 5" edition, (2017).

[9] S., Tsai F.,, & Tarng, D. C. Anemia in patients of
diabetic kidney disease. Journal of the Chinese Medical
Association: JCMA, 82(10), 752—-755. (2019).

[10] S. Mishra, Ranjit Kumar Upadhyay, “Strategies for the
existence of spatial patterns in predator—prey communities

204

generated by cross-diffusion, Nonlinear Analysis”: Real
World Applications, Volume 51, 2020, 103018.
[11] U. Mehdi, Toto RD. “Anemia, diabetes, and chronic
kidney disease”. Diabetes Care.;32(7):1320-6. (2009).
[12] https://idf.org/our-network/regions-and-
members/middle-east-and-north-
africa/members/iraq/
[13] M.M.; NINKOVIC, RAICEVIC,. and ADROVIC, F.,
“Air Kerma Rate Constants for Nuclides Important to
Gamma Ray Dosimetry Air Kerma Rate Constants for
Nuclides Important to Gamma Ray Dosimetry and Practical
Application and Practical Application”, Radiat. Prot.
Dosim. 115, 247. (2015).
[14] TAEA, “radiation protection in the design of
radiotherapy facilities”, safety reports series No. 47, (2006).
[15] E. A. Gale, & Gillespie, K. M. “Diabetes and
gender”. Diabetologia, 44(1), 3-15. (2001).



https://idf.org/our-network/regions-and-%20%20members/middle-east-and-north-

