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Abstract

This study examined the impact of gamma radiation
on hematological parameters of male guinea pigs.
Comparison between exposed and unexposed guinea
pigs to acute gamma radiation dose (9 kGy) showed
that there was great significant effect of gamma
radiation on WBCs count, MCHC, HCT, Hb
concentration, MCH, MCV and RDW-CV (%) (p-
value < 0.05).The most severe effect of gamma
radiation was on the WBCs count. The results
showed also that the percentage standard deviation of
these parameters in the exposed group was higher
than that of non-exposed.

Gamma radiation had no significant effect on RBCs
count, platelet count or PDW-CV (%) since P -value
is greater than 0.05. The results showed also that

their percentage standard deviations values were near.

Keywords: Complete Blood Count (CBC);White Blood
Cells (WBC); Platelets (PLT) Count; lonizing Radiation;
Free radical; Male guinea pigs.

1. Introduction

The increasing use of nuclear technology either in
medicine, industry and other applications increased
the risk of exposure to radiation. As a result,
exposure to radiation induced harms on human
beings. These harms are considered to be due to free
radicals that formed by water [1].

The main products of water radiolysis are hydrogen
radical (H"), hydroxyl radical (OH"), €7, hydrogen
(H,), and hydrogen peroxide (H,0,). Hydrogen
peroxide and hydroxyl radical act as oxidizing
agents, while hydrogen radical and solvated electrons
act as reducing agents. In presence of oxygen,
hydrogen radical reacts with oxygen to produce HO,
as well as with solvated electrons to produce Oy
which are strongly oxidizing species [2].

The mechanism of radiation effect on rats was
suggested to be due to interaction of formed free
radicals with cells compounds with subsequent
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induced damage. Also radiation altered cellular
metabolism [3].

The blood forming organs are one of the most
sensitive to radiation and in some cases bone marrow
transplantation is required to produce new blood
cells. Reproducing cells also are most sensitive for
radiation and the presence of oxygen increases its
sensitivity to radiation. Anoxic cells (as interior cells
of a tumor) are less affected. When people are
exposed to high radiation doses, blood count changes
and death may occur due to acute radiation
syndrome. At doses more than 50 Gy, the central
nervous system (brain and muscles) can no longer
control breathing and blood circulation. Radiation
causes ionizations of atoms which affect molecules,
cells, tissues, organs and the whole body. The risk
increases with the exposed radiation dose [4].
Comparison between exposed and unexposed
workers to radiation showed significant decrease in
MCH, platelet-count, hematocrit and lymphocytes
[5].

When adult male rats were exposed to gamma
radiation, the apparent viscosity increased due to cell
aggregation in doses up to 7Gy and decreased at
higher doses. The reason was attributed to the
decrease of membrane surface charge after exposure
that facilitated aggregation [6].

Exposure of rats to electromagnetic rays of mobile
phone showed a decrease in hemoglobin, hematocrit,
red blood cells count, and platelets count. The
average number of white cells and lymphocytes
increased. Also the viscosity increased due to cells
adhesion. Variation in the cell sizes was observed
[71.

During exposure of human to X-ray, PDW (platelet
distribution width) and P-LCR (platelet large cell
ratio) did not show any significant difference. The
study showed that long-term exposure to low X-ray
might have toxic effects on thrombocytes and
coagulation function [8].

Cancer patients treated by radiation showed
significant difference in WBCs and RBCs count.
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Bone-marrow radiation can cause damage of
hematopoietic stem cells (HSCs) and produce bone-
marrow syndrome [9].

There was significant difference between radiation-
exposed people to uranium radiation in mine and
unexposed people. There was a decrease in
hemoglobin (HB), white blood cells (WBC), mean
corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), platelets(PLT),
hematocrit (HCT) and neutrophils (NEUT). There
was an increase in red blood cells (RBC) and
lymphocyte count (LY M) [10].

At 25 to 50 Gy dose of radiation, bullfrog
erythrocytes were decreased, swollen, have bulging
nuclei, and cytological abnormalities. High radiation
dose caused aggregation of membrane proteins and
destruction of lipoprotein. Aggregation of membrane
proteins may be due to disulfide bridges. Destruction
of lipoprotein, the basic structural unit of the
membrane, increased permeability of red cells to
water and ions. Exposure to vy-rays or proton
radiation induces decreases in total white blood cells
(WBCs) and lymphocyte counts [11].

2. Materials and Methods

2.1 Animals

Twenty healthy male guinea pigs were used in this
study. Animals were housed in a temperature of 24 +
3 °C, with free access to food and water under good
supervision.  Examinations were carried out
following the "Principles of Laboratory Animal
Care" in the Faculty of Veterinary Medicine, Cairo
University.

The animals were maintained under care conditions.
They were divided into 2 equal groups, control
(n=10) and irradiated (n=10). The irradiated group
was exposed to acute gamma radiation dose (9 kGy).
The source of gamma radiation was 60Co source,
Research Model machine, Atomic Energy of India
Ltd., Commercial Products Division. It has dose rate
of 9.5 KGy/h. The available chamber volume equals
5L and the weight of cell was 5600 Kg.

2.2 Collection of Blood Samples

Blood samples were collected from the external
jugular vein soon after radiation and immediately
placed in tubes containing EDTA and these samples
were used in assessment of blood profile.

The collected blood was mixed well and inserted into
the following machine: Italian Hematology
Analyzer, PDW and PCT for Q.C. and CBC
parameters were analyzed. Ten CBC parameters
were considered for this study and these were: red
blood cells (RBC in 10 mm®),hemoglobin (HB in
g/dl), white blood cells (WBC in 10¥/mm3), platelet
count (PLT in 10% mm3), hematocrit (HCT in %),
mean corpuscular volume (MCV in fl), mean
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corpuscular hemoglobin (MCH in g/dl), mean
corpuscular hemoglobin concentration (MCHC in
%), relative distribution width of red blood cells by
volume coefficient of variation (RDW-CV in %) and
relative width of the distribution of platelets in
volume index ofthe heterogeneity of platelets
(PDW-CV in %) were analyzed in the two groups.

2.3 Functional method
Guinea pigs were anesthetized by Ether (Merck,
Germany) in a particular lacuna.

2.4 Statistical analysis

Statistical Package for Social Sciences (SPSS)
version 17.0 was employed for statistical calculations
and data analysis. All of ten CBC parameters are
represented as means * standard deviation (%).
Results were analyzed using independent t-test to
analyze those parameters which show significant
difference between radiation exposed and radiation
unexposed guinea pigs. Confidence level was set at p
<0.05.

3. Results and Discussion

Table (1) showed that there is no significant effect of
gamma radiation on RBCs count (p > 0.05). The
number of RBCs of group Il is higher than that of
group | (108.05%) as found by other authors [10,
11].Variation in the number of RBCs are increased
(156.26%).

Table (1): Comparison between the control and radiated Guinea
pigs in RBCs count x108/mm3
(Normal: 4.5-7.0 x10%/mm®).

SN Group | | Group Il

Control | Radiated

N=10 N=10 Independent  t-
1 5.110 6.040 test
2 4.640 3610 P-value=0.229
3 5.750 6.310

Mean (Radiated

4 5600 | 4.960 m =
5 4,200 5.230 108.05%
6 4,330 5.500
7 4.180 4.500 o % Radiated_
8 4.320 4.300 o % Control
9 4200 | 4.700 156.26%
10 4,590 4.800
MeantSD | 4.623 4,995
(%) +0.480 | +0.8

(10.38 | (16.22

%) %)

WBCs are markedly decreased in the irradiated
group (4.72%) as shown in table (2). There is great
significant effect of gamma radiation on WBC (p <
0.05). % SDII (56.03 %) is higher than % SDI (25.37
%) by 220.58%. Similar results were obtained [5, 9].
The significant decrease in the number of WBCs is
due to bone-marrow radiation injury. It was reported
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that high radiation dose can damage hematopoietic
stem cells (HSCs) and produce bone-marrow
syndrome [9].
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Table (4): Comparison between the control and radiated Guinea
pigs in hematocrit (HCT) value (Normal: 37 - 48 %).

SN Group | | Group Il
Table (2): Comparison between the control and radiated Guinea %OntrOI F\;adlated Independent
pigs in WBCs count x 10°/ mm? (%) (%)) t-test
(Normal: 4.5-11.0 x10%/mm®). 1 38.30 22.90 P-value
2 40.50 8.90 =00.00
SN Group | Group 11 3 39.10 24.80
Control Radiated Independent 4 41.80 17.90 )
N=10 N=10 t-test 5 38.90 17.10 —"]’\‘:an (?Cad‘ateg)
ean (Contro

1 7.800 0.100 | 6 39.10 14.80 —43.40 %
2 8.100 0.700 P-value 7 38.70 | 1550
3 6.700 0.100 =0.00 8 39.90 | 18.80
4 9.800 0.200 ) 9 38.90 17.20 o % Radiated

Mean (Radiated) _
5 7.900 0.275 Mean (Control) 10 40.40 13.80 o % Control
6 7.500 0.450 =4.72% Mean | 39.56 17.17 =970.74 %
7 9.200 0.520 + SD | #1.07 +4.50
8 4.800 0.490 o % Radiated (%) | (2.70%) | (26.21%)
9 3.700 0.380 % Control o
10 8.200 0.260 :022/%,5%220 Table (5) showed that there is significant effect of
Mean 7.370 0348  +0.195 gamma radiation on MCV (p < 0.05), while there is
+ SD | +1.870 (56.03%) no significant effect of gamma radiation on RBCs
(%) (25.37%) count (Table 1). The MCV value is decreased in the

From table (3), the hemoglobin (Hb) level is
markedly decreased in the irradiated group (44.50
%). There is great significant effect of gamma
radiation on Hb (p < 0.05). % SDII (26.58 %) is

irradiated group (96.69 %). % SDII (3.30 %) is near
% SDI (2.83 %) by 116.61%.

Table (5): Comparison between the control and radiated Guinea
pigs in MCV (Normal: 37.8 - 56.0 fl)

higher than % SDI(7.96 %) by 333.92%.Similar SN Group | Group 11
results are shown due to destructive effect of Control (fl) Radiated
radiation [7]. (f) Independent
1 38.50 37.80 t-test
Table (3): Comparison between the control and radiated Guinea 2 38.20 36.40 P-value
pigs in Hb concentration (Normal:11 - 15 g/dl). 3 39.50 39.10 =0.025
4 40.10 37.70
SN Group | Group Il 5 39.40 38.90 Mean (Radiated)
Control Radiated Independent 6 41.20 39.40 Mean (Control)
(g/dl) (g/dl) t-test 7 3790 36.60 =96.69 %
L 13.50 730 8 38.20 37.70 % Radiated
2 12.90 2.60 P-value 9 37l80 35l60 M
3 13.20 7.90 =00.00 : : o % Control
10 38.40 37.10 =116.61 %
4 14.20 540 Mean | 38.92 37.63 '
5 11.50 5.80
2 1180 750 Mean (Radiated) _ + SD | £1.102 +1.24
- - Mean (Control) (%) (2.83%) (3.30%)
7 11.40 5.10 44.50 %
8 11.80 6.20 The MCH (content of hemoglobin in
9 11.40 5.60 o % Radiated inal h i absol ite) is di
10 12.60 450 — smg_e eryt rocytes in absolute Un_l'[S) IS ec_rea_sg In
c % Control the irradiated group (58.55 %) with great significant
Mean 12.43 5.53 =333.92 % T
+ SD | +0.99 +1.47 effect of gamma radiation on MCH (p < 0.05) as
(%) (7.96%) (26.58%) shown in table (6). % SDII (14.90 %) is higher than

The hematocrit (HCT) value in table (4) is markedly
decreased in the irradiated group (43.40 %).There is
great significant effect of gamma radiation on HCT
(p < 0.05). % SDII (26.21 %) is higher than %
SDI(2.70 %) by 970.74%. Similar results are shown
due to destructive effect of radiation [10].

73

% SDI (6.73 %) by 221.40%.

MCH is proportional to the relative "hemoglobin /
red blood cells number”. MCH is decreased due to
marked decrease of the hemoglobin (Hb) level in the
irradiated group (44.50 %)as shown in table (3) and
no significant change on the RBCs count (Table 1).
Similar results are shown due to destructive effect of
radiation [10].
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Table (6): Comparison between the control and radiated Guinea

pigs in MCH (Normal:14.2 - 20.1 pg)

SN Group | Group 11
Control Radiated
(p9) (pg) Independent
1 16.40 12.10 t-test
2 16.70 7.30 P-value
3 16.10 12.50 =00.00
4 17.90 8.90
2 igig 308.(7)0 Mean (Radiated)
7 18.80 10.10 e
8 17.40 11.20
9 16.50 10.60
10 17.20 9.50 o % Radiated
Meant SD | 17.54 10.27 "5 % Control
(%) +1.180 +1.53 =221.40%
(6.73%) (14.90%)

The MCHC (mean concentration of hemoglobin in
erythrocytes) in table (7) is decreased in the
irradiated group (40.13 %) with great significant
effect of gamma radiation on MCHC (p < 0.05). %
SDII (13.95 %) is higher than % SDI (1.68 %) by
830.36%. Similar results were shown due to
destructive effect of radiation [10].

Table (7): Comparison between the control and radiated Guinea
pigs in MCHC (Normal: 31.7- 40.4 g/dI).

SN Group | Group Il
Control Radiated Independent
(g/dI) (g/dI) t-test
1 35.20 16.30 P-value
2 36.30 10.20 =00.00
3 35.60 17.20
4 36.27 15.10 Mean (Radiated)
5 37.20 14.20 Mean (Control)
6 36.30 12.60 40.13%
7 36.90 13.70
e T
10 36.60 16.10 o % Lontro
Mean+ 36.26 14.55 =830.36%
SD (%) +0.61 +2.03
(1.68%) (13.95%)

MCHC is proportional to the relative "hemoglobin/
red blood cell volume”. MCHC is decreased due to
marked decrease of the hemoglobin (Hb) level in the
irradiated group (44.50 %) as shown in table (3) with
slight significant decrease of MCV (96.69%) as
shown in table (5).

The number of platelets (PLTs)of group Il in table
(8) is less than that of group I (89.04 %) but there is
no significant effect of gamma radiation on PLTs
count (p > 0.05). % SDII (25.92 %) is higher than %
SDI (16.32 %) by 158.82 %.Similar results are
shown [10]. This may be due to platelets adhesion.
Similar results of cell adhesion were obtained [7].
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Table (8): Comparison between the control and radiated Guinea
pigs in platelet (PLT) count x 103/ mm3
(Normal: 250 - 850 x10%/mm®).

SN Group | Group Il

Control Radiated Independent

t-test

1 441 516 P-value
2 440 246 =0.232
3 402 307
4 471 300 )
5 304 342 Mean (Radiated)
6 388 410 Meooaon
7 322 490
8 470 385
9 382 520 6 % Radiated
10 580 299 o % Control
Mean 4.29 3.82 =158.82 %
+SD (%) | +0.70 +0.99 (25.92%)

16.32%)

RDW-CV is the relative distribution width of red
blood cells by volume, coefficient of variation. It is
an indicator of heterogeneity of red blood cells.
Table (9) showed that RDW-CV is higher in the
irradiated guinea pigs (117.91 %) with great
significant effect of gamma radiation on RDW-CV
(%) (p < 0.05). % SDII is higher than % SDI by
184.43%. Similar results are shown due to effect of
radiation [10].

Table (9): Comparison between the control and radiated Guinea

pigs in RDW-CV (%).

SN Group | Group Il
Control Radiated Independent
(%) (%) t-test
1 12.10 16.10 P-value
2 12.30 17.30 =00.00
3 13.10 13.50
4 12.90 13.60
5 12.30 15.13 Mean (Radiated)
Mean (Control)
6 13.90 14.20 =117.91%
7 11.90 15.20
8 12.70 13.90
9 13.50 16.40 ¢ % Radiated
10 12.60 14.80 5 % Control
Meant SD | 12.73 15.01 =184.43%
(%) +0.63 +1.27 (8.46
(4.95%) %)

Table (5) showed that the percentage standard
deviation of MCV "anisocytosis" is increased by
116.61% and MCV mean is slightly decreased by
(96.69%) in the irradiated group. Since RDW-CV is
directly proportional to MCV standard deviation and
inversely proportional to MCV mean, RDW-CV is
increased.

Table (10) showed that there is no effect of gamma
radiation on PDW-CV (%) (p > 0.05). % SDII (4.54
%) is higher than % SDI (3.19 %) by 142.63%.
Similar results are shown due to effect of radiation
[10].
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Table (10): Comparison between the control and radiated Guinea
pigs in PDW-CV (%).

SN Group | Group Il
Control (%) | Radiated (%) | Independent
1 28.70 27.70 t-test
2 28.60 31.30
3 28.30 30.30 P-value
4 30.50 28.10 =0.365
5 28.40 29.35
6 28.60 30.60 Mean (Radiated)
7 28.10 27.40 “Mean (Control)
8 28.00 29.60 =101.67 %
9 28.50 28.40
10 30.50 30.20 o % Radiated
Mean 28.82 29.30 "5 % Control
+SD (%) | £0.92 +1.33 =142.63 %
(3.19 %) (4.54 %)

PDW-CV "coefficient of variation™ is the relative
distribution width of platelets by volume
(%). PDW is the relative width of the distribution of
platelets in volume as an index of the heterogeneity
of platelets.

Figure (1) shows that gamma radiation dose 9 KGy
for guinea pigs induced significant decrease in
WBCs count, MCHC, HCT, Hb concentration, MCH
and MCV, significant increase in RDW-CV while it
had no significant effect on RBCs count, platelet
count and PDW-CV. The most severe effect of
radiation was on the WBCs count (p-value < 0.05).

LR

Figure (1): Comparison between the mean controls to
the mean (%) irradiated for CBC parameters
in male Guinea pigs.

4. Conclusion

Gamma radiation had great significant effect on
WBCs count, MCHC, HCT, Hb concentration,
MCH, MCV and RDW-CV (%) (p-value < 0.05).
The most severe effect of gamma radiation was on
the WBCs count. Gamma radiation had no
significant effect on RBCs count, platelet count or
PDW-CV (%) since (P -value > 0.05).

References

[1] Indrani S and Subir KD, Grape Extract
Protects Against lonizing Radiation-Induced
Membrane Alterations in Red Blood Cells.
Indian J. of Experimental Biology, Vol 54:
735-744, (2016).

75

[2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

International Journal of Advanced Scientific Research and Management, VVolume 3 Issue 2, Feb 2018.

WWW.ijasrm.com

ISSN 2455-6378

Khurshid AK, The Radiolysis Chemistry of
Water. J. Chem. Soc. Pak, Vol 3 (3): 105-110,

(1981).
Varanda EA and Tavares DC,
Radioprotection: Mechanisms and

Radioprotective Agents Including Honeybee
Venom. J. Venom. Anim. Toxins, Vol
4 (1): 9-5, (1998).

NCRP Report No. 0603, Biological Effects of
Radiation. lonizing Radiation Exposure of the
Population of the United States: 9-1: 9-23,
(1987).

Saman S, Nasir M, Muhammad C, Shaharyar
S and Numan A, Assessment of Impacts of
Hematological Parameters of Chronic lonizing
Radiation Exposed Workers in Hospitals. J.
Biol., Vol 4 (2): 135-146, (2014).

Selim NS, Desouky OS, El-Marakby SM,
Ibrahim IH, and Ashry HA, Rheological
Properties of Blood after Whole Body
Gamma-Irradiation. J. Radiat. Res., Vol 7 (1):
11-17, (2009).

Alghamdi MS and El-Ghazaly NA, Effects of
Exposure to Electromagnetic Field on Some
Hematological Parameters in Mice. Open
Journal of Medicinal Chemistry, Vol 2: 30-42,
(2012).

Khorrami  MB and Riahi-Zanjani B,
Hematological Profile of Healthy Workers
Exposed to Low Dose Radiation.
Pharmacology On Line, Vol 2: 138 -141,
(2015).

Saman S, Review of Hematological Indices of
Cancer  Patients  Receiving  Combined
Chemotherapy & Radiotherapy or Receiving
Radiotherapy Alone, Critical Reviews in
Oncology/Hematology, Vol 105, Elsevier
Ireland Ltd: 145-155, (2016).

Saman S, Muhammad NC, Nasir M and
Shaharyar S, Impacts of Terrestrial lonizing
Radiation on the Hematopoietic System. Pol.
J. Environ. Stud., Vol 24 (4): 1783-1794,
(2015).

International Atomic Energy Agency, Effects
of ionizing radiation on blood and blood
components: A survey, IAEA, A-1400 Vienna,
IAEA-TECDOC-934: 1-42, (1997).

Jenine KS, Steven Wan X, Gabriel SK,
Andrew JW, Daila SG and Ann RK, The
Effects of Gamma and Proton Radiation
Exposure on Hematopoietic Cell Counts in the
Ferret Model. Gravit Space Res., Vol 1(1):
79-94, (2013).

Assadnassab G, Accumulation of 99mTC-
Methylene Diphosphonate Radiotracer in Rat's
Forelimb. Trop J Pharm Res, Vol 13 (11):
1899-1901, (2014).


http://www.ijasrm.com/
http://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D1%8D%D1%84%D1%84%D0%B8%D1%86%D0%B8%D0%B5%D0%BD%D1%82_%D0%B2%D0%B0%D1%80%D0%B8%D0%B0%D1%86%D0%B8%D0%B8
http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%82%D0%B5%D1%80%D0%BE%D0%B3%D0%B5%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C
http://ru.wikipedia.org/wiki/%D0%93%D0%B5%D1%82%D0%B5%D1%80%D0%BE%D0%B3%D0%B5%D0%BD%D0%BD%D0%BE%D1%81%D1%82%D1%8C
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanzari%20JK%5BAuthor%5D&cauthor=true&cauthor_uid=25356435
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wan%20XS%5BAuthor%5D&cauthor=true&cauthor_uid=25356435
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krigsfeld%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=25356435
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wroe%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=25356435
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gridley%20DS%5BAuthor%5D&cauthor=true&cauthor_uid=25356435
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kennedy%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=25356435
http://gravitationalandspacebiology.org/index.php/journal/article/download/608/635
http://gravitationalandspacebiology.org/index.php/journal/article/download/608/635

