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Abstract

The aim of the study was to observe the effect of ionizing radiation and cadmium chloride on
glucose metabolism in broiler chickens. The experiment was conducted on 28-day-old chickens
divided into four groups (A, B, C and D). The first group (A) served as control, groups 2 (B) and 3
(C) were irradiated with a single, whole body dose of gamma rays (3 Gy, input 1.14 Gy-min™') and
group 3 (C) was administered a water solution of CdCl, intraperitoneally at a dose of 6 mg-kg"
body weight. Group 4 (D) was administered a water solution of CdCl, intraperitoneally at the
same dose as group 3 but chickens of this group were not irradiated with gamma rays. The serum
glucose concentration in the chickens that were irradiated and administered CdCl, solution (C)
was decreased significantly (»p <0.05) on days 7, 14 and 21 (p <0.01) of the experiment compared
to control (A). The serum glucose concentration in the chickens administered only CdCl, (D)
was decreased significantly on day 7 compared to control (A). No significant changes in serum
glucose concentrations were observed in the remaining group. The results of our experiment
indicate that a combined influence of ionizing radiation and administered cadmium chloride
resulted in a significant decrease in serum glucose concentration and the influence was more
evident than that caused either by cadmium chloride or irradiation alone. The changes in serum
glucose concentration observed on days 7 and 14 in gamma-irradiated chickens were lower than
those induced only by administration of cadmium chloride.
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Study of the effects of ionizing radiation on live organisms in the era of intensive use of
nuclear energy and ionizing radiation in medical diagnostics and information technologies
is an important activity aiming to protect the health of human population. Industrial
production and urbanization are responsible for increased pollution of our ecosystem with
toxic substances including risk elements (Beyer et al. 2005; Obi et al. 2006). Cadmium is
a highly toxic, dangerous environmental contaminant capable of accumulating in soil and
water ecosystems (Drastichova et al. 2004) through which it enters also the food chain
(Altindag and Yigit 2005; Johansen et al. 2006). It is dangerous because of its ability
to accumulate in the body, particularly in the liver and kidneys.

The combined effects of ionizing radiation and heavy metals on organisms may differ
from those caused by either of them alone and result in synergistic or antagonistic action.
Only a limited number of studies have been focused on interactions of ionizing radiation
and chemical substances that are present in the environment, and on their potential impact
on live organisms. Few authors have investigated the combined effects of ionizing radiation
and cadmium chloride on the living organism.

Materials and Methods

The experiment was carried out on broiler hybrid of domestic fowl (Gallus gallus), 28 days old. A total of 72
broilers were included in the experiment. The chickens were placed to previously disinfected facilities and left to
adapt for one week to experimental conditions. The chickens were supplied water and feed ad libitum. They were
fed granulated mixed feed for chickens BR I and BR II (Beniova et al. 2003).
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Trradiation was carried out in adjusted plexit cages at the Faculty of Natural Sciences of Pavol Jozef Safarik
University in Kosice, Slovak Republic using the apparatus CHISOSTAT “Co-Chirana. The entire experiment was
approved by the Ethics Committee of the Slovak Republic.

At the beginning of the experiment, the chickens were divided at the age of 28 days into four groups, 18 birds in
each. Group 1 (A) served as control, group 2 (B) was irradiated with gamma rays using a single, whole body dose
of 3 Gy (input 1.14 Gy-min™). Group 3 (C) was administered saline supplemented with CdCl, intraperitoneally
at a dose of 6 mgkg! b.w. (dose of Cd** 3.07 mg) and simultaneously irradiated as group B. Group 4 (D)
was administered saline supplemented with CdCl, intraperitoneally at the same dose as group 3 (C) without
irradiation.

On days 7, 14 and 21 post-irradiation 6 birds from each group were euthanized. Serum glucose concentration
was determined by means of Pliva Lachema test, Czech Republic. Measurements were carried out on
a spectrophotometer Specol 11. The results obtained at individual time intervals were processed statistically by
ANOVA test (PRISM3 SOFTWARE).

Our experiment was focused on observing the effect of cadmium chloride and irradiation with a low dose
of gamma rays on glucose metabolism in broiler chickens and the potential subsequent impact on the bird
health. The experiment was carried out on domestic fowl as a model animal; this species is particularly
interesting because of its increased radiation resistance compared to other farm animals (Befiova et al.
2007).

Results

The concentration of serum glucose determined at time intervals of 7, 14 and 21 days in
individual groups of broiler chickens are presented in Fig. 1.

The glucose concentration in serum of the chickens that were irradiated and administered
solution of CdCl, (group CdCl, and irradiated decreased significantly (p < 0.05) compared
to chickens from control group on days 7, 14 and 21 (p < 0.01) of the experiment. In
chickens from group administered only CdCl, solution, the concentration of glucose
decreased significantly (p < 0.05) only on day 7. The concentration of glucose in chickens
from irradiated group showed no significant changes compared to control.
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Fig. 1. The effect of ionizing radiation and cadmium chloride on glucose metabolism in broiler chickens

Discussion

The result of our experiment showed that ionizing radiation in combination with
administered cadmium chloride decreased significantly the serum glucose concentration in
broiler chickens and the decrease was more evident than that caused by cadmium chloride
or irradiation alone. The irradiation itself caused lower changes in glucose concentration
on days 7 and 14 than administration of cadmium chloride.
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Slovinska et al. (2001) studied the effect of cadmium and ionizing radiation on the
haemopoietic tissue, liver and kidneys of rats. Cadmium alone caused more extensive
changes in the kidneys and liver than ionizing radiation. The effect of combination of
ionizing radiation and cadmium was similar to those induced by cadmium only. Marked
pathological changes were observed in the bone marrow, spleen and thymus of irradiated
animals compared to the effect of cadmium; the patological changes caused by a combination
of ionizing radiation and cadmium were similar to those induced by irradiation alone.

Klimova and Mistrova (2004) observed changes in histones in rat testes after
administration of cadmium (CdCl, at a dose of 3 mg-kg" body weight, i.p.) and whole
body irradiation with gamma rays (3 Gy). They observed that administration of cadmium
alone caused no changes in histones (protein) while irradiation induced an increase in the
initial concentration and total content of histones. Combination of cadmium and irradiation
(cadmium administered 30 min before irradiation) caused changes in histones similar
to those induced by irradiation alone, but more intensive. This finding indicated partial
summation of the effects of both cadmium and irradiation on testis histones. A radiation-
protective effect of cadmium in combination with ionizing radiation was described by
Dvotak and Benova (2002) who observed the effect of cadmium chloride, potassium
dichromate and gamma radiation on the crustacean Artemia salina. After single exposure
to doses 0.1, 0.25, 0.5 and 1.0 kGy and observation period of 120 h the authors detected
a radiation-protective effect of cadmium chloride at a concentration of 20 mg-I"' and of
potassium dichromate at a concentration of 5 mg-l!. Cadmium alone had no lethal effect
on the crustacean.

The protective influence of exposure to cadmium is affected decisively by low molecular
weight protein metallothionein (Klaassen et al. 2009). Cadmium, ionizing radiation,
glucocorticoids and cytokines belong to factors that increase significantly the production
of metallothionein in the body (Rogival et al. 2007).

Experiments on mammals show that several hours after irradiation there is a so-
called postradiation hyperglycaemia that culminates between the first and third day after
irradiation. The rise of hyperglycaemia after irradiation is not attributed to the primary
role of the hypothalamic-pituitary-adrenal and/or glucocorticoids, but mainly to increased
gluconeogenesis from amino acids that are released from tissue proteins after irradiation
(Toropila 1993). Compared to mammals, however, glucose concentrations in serum
decreased in our experiment on poultry. One possible explanation is the difference in species
and different morphological constructions, or physiological functions. An important factor
in the development of metabolic changes after irradiation is also the absorption of glucose
and other sugars in the intestine, which is reduced by different doses (Toropila et al.
1984). Apart from the effect of radiation, the type of food administered to animals before
or after irradiation may have a major impact on carbohydrate metabolism.

The results of this study bring new information in the field of radiobiology, toxicology
and radioecology in terms of the effects of more than one contaminant on the animal
organism.

U¢inok nizkej davky ionizujiiceho Ziarenia a chloridu kademnatého
na metabolizmus glukézy u brojlerovych kurciat

V experimente bol sledovany G¢inok ionizujiceho Ziarenia a vplyvu chloridu kadem-
natého na metabolizmus glukézy u brojlerovych kur¢iat. Kurcata boli rozdelené do Styroch
skupin, vo veku 28 dni na zaciatku experimentu. Prva skupina kurciat bola intaktna. Druha
a tretia skupina kurciat bola oziarena jednorazovou celotelovou davkou 3 Gy gama lucov
(prikon 1,14 Gy-min™), tretej skupine kurciat bol sticasne intraperitonealne aplikovany
fyziologicky roztok doplneny o CdCl, o koncentracii 6 mg-kg" Zivej hmotnosti. Stvrtej
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skupine kurc€iat bol intraperitonealne aplikovany fyziologicky roztok doplneny o CdCl,
o koncentracii 6 mg-kg!' zivej hmotnosti bez celotelového oziarenia. Koncentracia glukozy
v sére oziarenych kurcCiat s aplikovanym roztokom CdCl, bola na 7., 14. a 21. defi vy-
znamne znizena v porovnani s kontrolnou skupinou kurciat. Koncentracia glukézy v sére
kurciat iba s aplikovanym roztokom CdCl, bola na 7. defi vyznamne zniZend v porovnani
s kontrolnou skupinou kur¢iat.

V ostatnych sledovanych skupinach zvierat nedoslo k vyznamnym zmenam koncentra-
cie glukézy v sére kurciat.

Z vysledkov nasho experimentu vyplyva, ze vplyv ionizujuceho Ziarenia v kombinacii
s podanym kadmiom vyrazne znizuje koncentraciu glukézy v krvi u kurciat ako samot-
ne podané kadmium, resp. samotné oziarenie. Samotné ziarenie vyvolalo mensie zmeny
v koncentracii glukozy v krvi na 7. a 14. den ako aplikacia len samotného kadmia.
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