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Introduction: Biological effects after a single prenatal exposure to ionizing radiation, reflecting significant
heterogeneities in the responses in different species with respect to radiation type, dose, dose rate and time of
exposure. Moreover, current knowledge and obtained results for poultry exposed to low dose ionizing
radiation are inconsistent and almost lacking at present. The aim of this study was to determine the effect of
low dose gamma radiation on protein profile in blood of chickens irradiated in ovo.

Material and Methods: Fertilized chicken eggs in the experimental group were exposed to 0.3 Gy gamma
radiation one hour before incubation, and control group was sham irradiated. Blood samples were taken on
1%, 3, 5™ 7% and 10" days of life. The plasma proteins fractions were separated by electrophoresis, while
total protein and albumin levels were determined using the spectrophotometric method.

Results: The obtained differences between control and experimental groups for total protein and albumin
concentrations were statistically nonsignificant during our research. Total globulins were increased 10" day
of chick’s life due to an increase in alpha globulins (P < 0.05). In contrast, gamma globulins were decreased

in one-day-old chickens exposed to ionizing radiation (P < 0.05).
Conclusion: Our study indicates a significant effect of low-dose ionizing radiation on protein synthesis after
in ovo exposure, although more research is needed to determine underlying molecular mechanisms triggered

by low-dose gamma radiation.
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Introduction

It is well known that ionizing radiation, at any
dose, can cause biological damage in both, human and
non-human species. As the use of ionizing radiation in
medicine and industry increases, so does the concerns
for human and animal health. The contradictory
findings from low dose / low dose rate radiation
studies fuel scientific debate [1, 2], while cross-species
data extrapolation remains a challenge due to complex
biological responses and various radiosensitivity in
different species. The main research challenge is that
low dose radiation effects are subtle and not easy to
differentiate from those triggered by other cellular
stressors [3]. Moreover, the effects of exposure to
various radiation sources (background radiation,
diagnostic exposure, nuclear fallout) strongly depends
on different factors, such as type of radiation, total
dose, dose rate, tissue exposed, interval over which
dose is received, or on efficiency of repairing
mechanisms [4]. It is also known that radiation-
induced biological effects differ among species and
strains [5]. Mammals are considered the most
radiosensitive, followed by birds, fish, amphibians,
reptiles, crustaceans, insects, and more primitive

organisms [6]. Early developmental stages are
identified as highly radiosensitive in general, but the
effect strongly depends on the stage of embryo/foetus
development [7]. Over the last few decades
researchers are focused at providing answers what
radiation effects are associated with specific low dose,
and whether is there a coherence of effects across
different species [8]. However, commonly used small
laboratory animals do not represent the genetic
diversity of non-laboratory animals and human
populations, thus it remains to be seen what health
outcomes will be observed in other species and
strains in response to low doses. The radioecological
studies conducted after major nuclear accidents
revealed that animals may be exposed to a higher
degree than humans depending on their activities in
contaminated area [8, 9]. All above underscores the
need to study radiation responses in different
taxonomic and developmental models, which may
have a profound effect on many aspects of radiation
protection, including global environment and
biodiversity protection.
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International  organisations such as the
International Commission on Radiological Protection
and the United Nations Scientific Committee on the
Effects of Atomic Radiation considers low doses to be
those of 0.1 Gy and below when considering cancer
risks in humans, and 0.5 Gy and below when
considering non-cancer diseases, while dose rates are
defined as dose rates below 0.1 mGy/min [10].
Bearing in mind that radiosensitivity varies greatly
between species, the meaning of “low dose” radiation
should be considered as species-specific [11].
Although some agencies and researchers use 0.1 Gy as
the upper limit for low dose radiation, many cellular,
animal, and human studies reported biopositive
(hormetic) effect for up to five times higher doses
under the same title [12, 13]. Doses below 0.5 Gy can,
for example, stimulate homeostatic control systems
[14], reduce inflammation [15], boost immunity [16],
prolong lifespan [17] or promote oxidative stress
damage removal [18]. Nonetheless, there are very few
published results of the low dose radiation effects in
poultry. Despite all the inconsistency and lack of data
for poultry, previous studies have shown that ionizing
radiation at low doses can increase chicken (Gallus
gallus domesticus) growth and hatchability [19],
change enzymes activity in blood [20], or trigger
various changes in metabolism of calcium,
phosphorus, glucose, and cholesterol [21]. Moreover,
in chickens hatched from irradiated eggs, the 0.3 Gy
dose can stimulate the immune response [22], change
the number/ratio of white blood cells [23], and alter
antioxidative defence [24, 25].

Priorities for improving radiation biology studies
include developing biomarkers for radiation-induced
health effects [3]. Recent study revealed that multiple
plasma proteins are altered in response to doses up to
0.5 Gy, indicating plasma proteins as useful biomarker
for radiation effects following low dose exposure in
mammals [26]. Obviously, the plasma protein
concentrations are important parameter for health
assessment in veterinary medicine considering
protein roles in inflammatory and immune reaction,
as well in the process of healing and tissue repair.
Chicken plasma proteins have many similarities with
those of mammals, but also several differences, like
the widespread presence of prealbumin, the lowest
concentration of gamma globulin, or more marked
response to inflammatory stimuli in the beta globulin
field [27]. To our knowledge, no prior studies have
investigated gamma radiation effect on chicken
plasma proteins for doses above 0.15 Gy, thus the aim
of this study was to evaluate the acute effect of 0.3 Gy
dose gamma radiation on plasma protein levels in
chickens irradiated before incubation.

Materials and Methods

Ethics committee approval
All procedures with animals were conducted
according to relevant law and institutional policies.
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Approval for conducting the experimental study was
issued by the Ethics Committee of the Veterinary
Faculty, University of Zagreb, under reference number:
251-61-01/139-15-19.

Eggs and irradiation

Fertilized chicken eggs (N=700) from the meat-
producing Ross 308 line were purchased from the
Valipile d.o.o. hatchery located in Sesvetski Kraljevac,
Croatia. One hour prior to incubation, the experimental
group of 360 fertile chicken eggs was exposed to 0.3 Gy
gamma radiation from the panoramic cobalt-60 source
(Ruder Boskovi¢ Institute, Zagreb, Croatia). The control
group of 340 eggs was subjected to a simulated
irradiation (sham irradiation). A detailed description of
the source and dose distribution in the irradiation
chamber is published elsewhere [28]. The dose rate
during irradiation was approximately 23.84 mGy/s. The
source-to-egg distance was maintained at 291 cm.
Farmer-type 2581 ionization chamber and a Farmer
dosimeter (model 2570) from NE Technology Limited
were used for dosimetry calibration and transit dose
measurements. The dose is expressed as absorbed dose
to water. Following irradiation, the eggs were
transported to the hatchery (Valipile d.o.o., Croatia) and
set to an automatic incubator (Victoria s.r.l., Pavia,
Italy). Throughout the study, temperature, lighting, and
humidity were monitored and maintained within precise
parameters in compliance with established standards and
regulations. On day 19, the eggs were moved from the
incubator to hatching trays. After hatching, chicks of
both sexes were transferred to the Veterinary Faculty at
the University of Zagreb, Croatia, where they were
housed in a controlled environment and under
continuous veterinary supervision until the end of the
study. Water and commercial feed were available ad
libitum, in accordance with the chicks' growth and
development stage.

Sampling and blood analysis

For the plasma proteins analysis blood samples
(N=10) were taken from the right jugular vein on 1%, 3",
5t 7% and 10" day after hatching. Spectrophotometric
estimation of total protein and albumin levels was
carried using Olympus AU 600 biochemical analyzer
(Olympus  Diagnostica GMBH), and Herbos
dijagnostika d.o.o0. (Sisak, Croatia) optimized kits. The
protein fractions (albumin, alpha-, beta- and gamma-
globulins) were estimated electrophoretically on
cellulose acetate strips (Cellogel®, MALTA Chemetron,
Milan, Italy) and determined by Global-scan
densitometer (MALTA Chemetron, Milan, Italy).

Statistical analysis

Statistical analysis was conducted using the SAS 9.4
statistical software (Statistical Analysis Software 2002-
2012, SAS Institute Inc., Cary, USA). Shapiro-Wilk test
was used to check normality of variables. Independent
testing of samples between the groups was performed
using the Student's t-test for each day separately. Results

Iran J Med Phys, Vol. 20, No. 6, Novamber 2023



Jadranka Pejakovic Hlede, et al.

fpp

Low dose radiation affects chicken plasma proteins

are presented as mean values and 95% confidence
intervals. The level of statistical significance was set at
P<0.05.

Concentration of total proteins, albumin, total
globulins, and the albumin to globulin (A/G) ratio in the
blood plasma of chickens hatched from eggs irradiated
before incubation at a dose of 0.3 Gy gamma radiation, and
in the blood plasma of chickens hatched from non-
irradiated eggs are presented in Table 1, while
concentration of globulin fractions are presented in Table 2.
Plasma total protein and albumin levels in blood of
chickens hatched from irradiated eggs revealed a slow
increase in the first week of chick’s life, but the differences
between control and experimental groups were statistically
insignificant during the whole study period. In response to
gamma radiation, a significant increase in plasma globulins

(P < 0.05) was found on the 10" day of chick life. On the
same day, the experimental group had the highest mean
value of total globulins 14.42 g/L with a 95% confidence
interval of the mean (95% CI) 13.33-15.51. In the control
group the highest total globulins value was found in one-
day-old chicks, with mean value 14.96 g/L (95% CI:13.87-
16.05). Concentrations of alpha globulins in both groups of
chickens revealed a tendency of the gradual increase until
the last day of the experiment, while the concentration of
alpha globulins was significantly increased (P < 0.05) only
on the 10" day of chick life. The mean values of beta-
globulins in both groups showed a tendency of the gradual
increase during the experiment, ranged from 2.62 g/L (95%
Cl:2.33-2.95) to 3.53 (95% Cl:3.23-3.85) in the control
group, and from 2.81 g/L (95% CI: 2.52-3.14) to 3.10 g/L
(95% CI:2.80-3.42) in the experimental group.

Table 1. Concentration of total proteins, albumin, total globulins, and the albumin to globulin ratio (A/G) in the blood plasma of chickens hatched from eggs
irradiated before incubation at a dose of 0.3 Gy gamma radiation (experimental group) and in the blood plasma of chickens hatched from non-irradiated eggs

(control group)

MEAN VALUE (95% confidence interval)

Age (days)
Parameter Group 1 3 ° 7 10
c 28.90 29.00 27.70 28.60 27.90
Total protein (27.00-30.80) (27.10-30.90) (25.80-29.60)  (26.70-30.50)  (26.00-29.80)
(g/L) E 26,70 27.90 27.30 29.60 29.40
(24.80-28.60) (26.00-29.80) 25.40-29.20) (27.70-31.50)  (27.50-31.30)
c 13.94 14.29 14.54 15.44 15.49
Albumin (12.94-15.02) (13.28-15.36) (13.54-15.62)  (14.43-16.51)  (14.49-16.57)
(/L) E 12.80 13.62 14.21 15.80 14.98
(11.80-13.88) (12.62-14.70) (13.20-15.28)  (14.79-16.87)  (13.98-16.06)
c 14.96 14.71 13.16 13.16 12.41
Total globulin (13.87-16.05) (13.63-15.80) (12.07-14.25)  (12.07-14.25)  (11.32-13.50)
(g/L) E 13.90 14.28 13.09 13.80 14.42*
(12.81-14.99) (13.19-15.36) (12.01-14.18)  (12.72-14.89)  (13.33-15.51)
c 0.93 0.97 111 1.18 1.25
AG (0.87-1.00) (0.90-1.04) (1.05-1.18) (1.11-1.24) (1.18-1.32)
E 0.92 0.96 1.09 1.16 1.04*
(0.86-0.99) (0.89-1.03) (1.02-1.16) (1.09-1.22) (0.98-1.11)

Values marked with * are significantly different (P<0.05) between groups
C — Control group; E — experimental group; A/G —albumin to globulin ratio

Table 2. Concentration of alpha globulin, beta globulin, and gamma globulin (g/L) in the blood plasma of chickens hatched from eggs irradiated before
incubation at a dose of 0.3 Gy gamma radiation (experimental group) and in the blood plasma of chickens hatched from non-irradiated eggs (control group)

MEAN VALUE (95% confidence interval)

Age (days)
Parameter Group 1 3 5 7 10
c 133 172 1.75 173 192
Alpha globulin (1.08-1.59) (1.47-1.98) (1.50-2.01) (1.49-2.00) (1.67-2.18)
(g/L) £ 1.36 1.80 173 191 2.30*
(1.12-1.62) (1.55-2.06) (1.49-1.99) (1.67-2.17) (2.06-2.56)
c 281 2.82 2.74 320 3.10
Beta globulin (2.52-3.14) (2.53-3.15) (2.45-3.07) (2.92-3.52) (2.80-3.42)
(o) £ 2.62 2.77 2.82 3.27 353
(2.33-2.95) (2.47-3.09) (2.53-3.15) (2.98-3.59) (3.23-3.85)
10.82 2.74 213 172 171
Gamma globulin (10.43-11.24) (2.38-3.20) (1.78-2.61) (1.38-2.21) (1.37-2.20)
(g/L) £ 9.92* 2.68 1.94 1.81 1.63
(9.53-10.34) (2.31-3.14) (1.59-2.42) (1.47-2.30) (1.29-2.12)

Values marked with * are significantly different (P<0.05) between groups

C — control group; E — experimental group
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The obtained differences between control and
experimental groups were statistically non-significant. The
mean values of gamma-globulins in one-day old chickens
were 10.82 g/L (95% CI:10.43-11.24) in the control group
and 9.92 g/L (95% CI:9,53-10,34) in the experimental
group. The difference between groups showed significantly
decreased (P < 0.05) gamma-globulins in the irradiated
group of chickens. Following steep decrease after day one,
the gamma-globulins reached minimum values on the 10th
day of chick’s life. Recorded values in the control and the
experimental group were 1.71 g/L (95% Cl:1.37-2.20) and
1.63 g/L (95% Cl:1.29-2.12), respectively.

Discussion

Our study indicates significant inhibitory effect of
0.3 Gy gamma rays on gamma-globulins in blood of
one-day-old chicks irradiated before incubation, while
the same dose stimulated alpha-globulin synthesis 10™
day after hatching. The results for total protein and
albumin concentrations in plasma of irradiated chickens
were statistically non-significant compared to controls
(P < 0.05) during the first 10 days of chick’s life. These
findings are not consistent with the results obtained by
Vili¢ et al. [29] who reported the inhibitory effect of
low-dose on all protein fractions in the first week of
chick’s life after in ovo irradiation with 0.15 Gy. Greater
effect at low dose compared to higher low dose implied
that radiation-induced protective pathways in exposed
chicken embryo may be more efficient in the specific
low dose range. These findings are in line with the
conclusion reached by Calabrese [30] who study the
dose—effect relationships and found that the most of
them are not linear but rather have a threshold or may
even be hormetic. Possible explanation may be different
radiation effects on defence mechanisms, such as DNA
repair, free radical scavenging, or damaged cells
removal (reviewed by Tubiana et al., [31]), who may be
overwhelmed by one dose, and stimulated by other. It is
known that inflammatory reaction plays an important
role in general response to low doses [32], while the
mechanisms are probably mediated by reactive oxygen
species [33]. Even multiple response patterns are
previously described in exposed tissues and cells, our
results are difficult to explain within the context of eggs
exposed before incubation (when organs are not
developed), because it is unknown whether a low-dose
gamma radiation affected gene expression, DNA -
protein interaction, or initiated a series of biochemical
and molecular signalling events that may damage
essential macromolecules (DNA, lipids, and proteins),
repair the damage, or cause permanent physiological
changes [34]. Proteomic analysis confirmed that many
processes take place at molecular level in a fertilized
egg, including synthesis of proteins important for the
organism defence [35]. The experimental study where
chick embryos were irradiated with 0.3 Gy gamma-
radiation on the 19" day of incubation confirmed
alteration of antioxidant status in liver [24]. Moreover, it
is suggested that both, oxidative stress and inflammatory
response modify mitochondrial redox balance, cellular
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response, and repair mechanisms [36, 37]. A similar
conclusion was reached by Lumniczky et al. [38] who
reviewed interactions between ionizing radiation and the
immune system, and found both, the evidence of
permanently modified immune response associated with
pathophysiological consequences, and beneficial, anti-
inflammatory effects. It may be reasonably expected
that the alpha protein fractions in our research were
involved in inflammation process induced by low-dose
radiation exposure. However, having in mind that
globulins are involved in other metabolic pathways, for
example lipid and iron metabolism [39], additional
research is needed to identify specific metabolic
processes associated with radiation exposure.

Conclusion

This study confirmed that low dose ionizing
radiation change plasma protein concentrations in
chickens hatched from eggs exposed before incubation.
Our findings signal the need for additional studies to
identify control genes, and to better understand reactive
oxygen metabolism and molecular pathways in response
to different doses applied in ovo.

This research was carried out within research project
“Effects of small dose of ionization radiation on
poultry” (0053034) supported by the Ministry of
Science and Technology (The agreement Reg. No. 533-
02-01-320; Class 402-02/01-8/39).
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