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We studied the stress reaction markers among blood parameters from three groups of broiler chickens (Gallus gallus domesticus) 
of Ross-308 breed aged 5 weeks, with a total number of 60 animals. There were 20 chickens from a private farm in an ecologically 
clean area; 20 chickens from a private farm in a radiation-contaminated territory; and 20 chickens were brought from a poultry farm to 
feed animals in the zoo. We determined numbers of erythrocytes, thrombocytes, leukocytes and their individual populations, and hete-
rophils and lymphocytes ratio (H/L ratio). We identified morphological features of blood cells in broilers from a radiation-contaminated 
territory: an increased number of medium and large lymphocytes and heterophils in half-destroyed or destroyed forms ("shadow cells"). 
It was shown that the morphological and quantitative features of blood in broilers raised on the private farm from an ecologically clean 
territory met the normal parameters. Typical features of stress reaction were observed in broilers brought from the poultry farm to the 
zoo: the relative and absolute numbers of lymphocytes were significantly lower, and the relative and absolute numbers of heterophils 
were significantly higher than in chickens from the other two analyzed groups. As a result, the leading marker of stress in birds, which is 
the ratio of heterophils/lymphocytes, was significantly higher in broilers from the poultry farm than in the other two groups. The indica-
tors of monocyte number were significantly lower in broilers from the radiation-contaminated territory than in birds from the private 
farm in an ecologically clean area. Moreover,  the indicators of basophil number were significantly higher, which was an additional sign 
of a stress reaction. This group also revealed certain morphological features of blood cells such as the tendency of heterophils to destruc-
tion, the formation of platelet clusters, and the presence of a significant number of medium and large lymphocytes. It was found that 
these denoted signs of stress in chickens appeared in cases of acute stress through capture and transportation, which, presumably, was 
potentiated by previous rearing in industrial conditions. Stress reactions of chickens from areas with an increased radiation background 
require additional research. The taming effect had a positive influence on the birds’ blood parameters, reducing indications of stress. It is 
recommended to minimize stress in chickens whose meat is to be used in human and animal nutrition.  

Keywords: Gallus gallus domesticus; rearing peculiarities; emotional factor; background radiation; morphology of leukocytes; he-
terophils/lymphocytes ratio; animals’ nutrition.  

Introduction  
 

Stress is a factor that can significantly affect the productivity of farm 
birds, disrupt the immune response, and increase susceptibility to diseases 
(Virden & Kidd, 2009; Vizzier-Thaxton et al., 2016; Abo-Al-Ela et al., 
2021; Nielsen et al., 2023). In 1937, it was shown that a general adaptive 
syndrome in birds, similarly to mammals, is formed in response to stress, 
where adrenal hormones play a crucial role (Selye, 1937). Activation of 
the hypothalamic-pituitary-adrenocortical axis in a stressful situation leads 
to an increase in the concentration of corticosteroids. Corticosterone, 
which is the dominant stress hormone in birds, contributes to physiologi-
cal and behavioral adaptive reactions with the provision of allostasis. 
However, the hormone is necessary in low concentration for a constant 
body energy balance. Diversity in the adrenocortical response is important 
in the process of reproduction and growth of young individuals, contribut-
ing to the evolutionary strategy (Blas, 2015). A chronic increase in the 
concentration of corticosterone leads to an earlier response to subsequent 
stressors (Maxwell, 1993).  

However, the estimation of corticosteroid concentration has certain 
problems. In addition to the cost of the analysis, it is necessary to calculate 

clearly the moment of blood sampling during the acute phase of stress. 
The exact timing of the rise in corticosterone concentration during stress is 
unknown for most bird species (Romero & Reed, 2005). Therefore, to 
characterize the presence of stress in animal populations, the identification 
of blood indicators is attracting more attention. Estimation of white blood 
cell populations has certain advantages over direct measurement of adren-
al hormone concentrations. First, the effect persists for a relatively long 
time and does not require immediate analysis. Second, the method is quite 
cheap and available to various laboratories. Third, the hematological re-
sponse to stress is similar in different taxonomic groups of vertebrates and 
makes it possible to adequately compare the results (Davis et al., 2008). 
In vitro, it has been demonstrated that bird leukocytes can be stimulated by 
corticotropin-releasing factor and are capable of producing ACTH them-
selves. It means, that the participation of the hypothalamic-pituitary-ad-
renal axis in the production of corticosteroids in birds has its features asso-
ciated with leukocyte factors (Hendricks III et al., 1991; 1995; Virden & 
Kidd, 2009).  

The analysis of studies related to the influence of non-infectious stress 
factors (nutritional peculiarities, climatic, physical, or psychological-social 
factors) on the blood parameters of birds shows variable data. Undoubted-
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ly, the optimal marker of hormone-induced reactions is indicated by the 
ratio of heterophils (similar to mammalian neutrophils) and lymphocytes 
(H/L ratio), as this indicator increases under conditions of stress (Prieto & 
Campo, 2010; Redmond et al., 2011; Anand Laxmi, 2019; Maness et al., 
2023). Moreover, the reaction was most clearly observed under the influ-
ence of environmental and climatic factors. It is even considered to be a 
more indicative and accessible marker than the assessment of the concen-
tration of corticosteroids in the plasma. On the other hand, such changes 
depend on the intensity and duration of the stressor (Maxwell, 1993).  

One of the first studies of the influence of stress factors on the hetero-
phils and lymphocyte ratio in chickens is the work of Gross and Siegel 
(1983). The presence of physiological stress in broilers characterized by an 
increase in the H/L ratio, was detected during transportation (Mitchell 
et al., 1992; Al-Aqil et al., 2013; Anand Laxmi, 2019), and a change in 
living conditions or a social group (Gross et al., 1984; Anthony et al., 
1988; Tainika et al., 2023).  

Unlike other stress indicators, the H/L ratio does not differ significant-
ly among chicken breeds (Campo et al., 2000). There are known cases 
when the variability of the H/L ratio was observed in chickens with differ-
ent reactions to emotional stress (the indicator was higher in birds with a 
high expression of fear), but there were no differences in the concentration 
of corticosterone (Beuving et al., 1989). This confirms the effectiveness of 
using the heterophils and lymphocytes ratio in birds as a leading marker in 
a chronic stress situation (Scanes, 2016).  

Ionizing radiation is indicated as one of the physical stress factors 
(Nylund et al., 2014; Moreels et al., 2020). Research in populations of 
people who have been living in radiation-contaminated territories for a 
long time demonstrates both an increased concentration of cortisol and a 
moderate redistribution of the neutrophils/lymphocytes ratio with a preva-
lence of polymorphonuclear cells, and the level of such indicators in-
creased with additional influence of emotional factors (Sokolenko, 2016). 
Accordingly, a problematic fact is the lack of data on the state of health of 
agricultural birds which are raised on territories with enhanced radioeco-
logical control and the possibility of the formation of chronic stress signs 
in them. Some publications about the effects of radiation on domestic 
chickens present the data from the experiments on the assessment of the 
consequences of artificial irradiation and indicate the critical role of dam-
age to hematopoiesis under acute irradiation (Malhotra & Rana, 1988). 
There are also publications on the intensity of accumulation of radionuc-
lides in the body of birds and the speed of their removal (Pöschl et al., 
1997; Vicentijevic et al., 2013), and about quantitative changes of blood 
cells in chickens during the first week of life after low-dose irradiation of 
eggs (Pejaković et al., 2021).  

The relevance of such research is because even 30 years after the ac-
cident at the Chornobyl nuclear power plant, animals in the zone of the 
"Chornobyl footprint" in Europe have an increased content of radionuc-
lides (Beňová et al., 2016). This indicates the continued circulation of 
radionuclides in the circulation of substances and the possibility of their 
entering the body of animals and humans with food products (Vicentijevic 
et al., 2013; Cannon & Kiang, 2022; Klyuchko et al., 2023). A possible 
criterion of danger in the case of farm birds could be signs of stress.  

Hormonal drugs used in animal households are the subject of active 
discussions regarding possible negative effects on human health (Jeong 
et al., 2010). At the same time, there is no analysis of the effect of corticos-
teroids, which can be accumulated in meat products due to stress. There is 
data on the negative impact of high corticosterone concentration on the 
quality of poultry meat (Xing et al., 2019). Cases where live birds or fresh 
carcasses are taken after or during acute stress, in particular, when feeding 
animals in a zoo, deserve additional attention. Meat food forms the basis 
of the predators’ diet, and an important requirement in zoos is feeding with 
whole carcasses or even live animals. Young poultry is an important ele-
ment of feeding predators in captivity, while not only nutrients and biolog-
ically active substances of muscle tissue are assimilated, but also internal 
substances, contents of the stomach and intestines, etc. (Burlaka et al., 
2012).  

The purpose of the work is to analyze markers of stress reaction with-
in hematological parameters in broiler chickens that were reared in differ-
ent ecological conditions or were exposed to different socio-emotional 
influences.  

Materials and methods  
 

All procedures were performed following the European Convention 
for the Protection of Vertebrate Animals used for Experimental and Other 
Scientific Purposes (Strasbourg, 1986), the rules of bioethics when work-
ing with biological objects, regulated by the International Guideline for the 
Care and Use of Laboratory Animals (2011), the ARRIVE guidelines 
(Animal Research: Reporting of In Vivo Experiments; http://arrivegui-
delines.org). The research plan was approved by the Bioethics Commis-
sion of Cherkasy National University (Examination Report No. 5 dated 
March 11, 2021).  

Broilers received all scheduled vaccinations during the study. At least 
2 weeks had passed since the last vaccination. The clinical condition of the 
birds was checked by veterinarians by external examination and tempera-
ture measurement before blood sample collection. None of the broilers 
had signs of infectious diseases.  

Peripheral blood was obtained from 60 broiler chickens (Gallus gallus 
domesticus) of the Ross-308 breed (Ross-308 cross), aged 5 weeks and 
weighing 490–515 g. There were 20 chickens from private farms in a 
relatively ecologically clean area (Zolotonosha district of Cherkasy prov-
ince); 20 chickens were raised on private farms on territory that had had 
the status of enhanced radioecological control for a long time (Zvenyho-
rod district of Cherkasy province); 20 broilers were brought to the zoo 
from a poultry farm (Cherkasy district of Cherkasy province) to feed the 
animals. The feeding regime for birds on private farms was similar to that 
used on poultry farms. Compound feed of a similar composition, pro-
duced by regional manufacturers, was used. Broilers from private farms 
were kept in closed enclosures, wood shavings were used as bedding, as 
on poultry farms. The research was conducted at the beginning of sum-
mer. Weather and climate conditions in the analyzed districts did not 
differ. The density of birds per unit area on private farms was twice as low 
as on the poultry farm (5 head per m2 versus 10 head per m2).  

Biomaterial was collected by veterinarians from the brachial vein 
(wing vein) of birds using the following methods: Campbell (1994) and 
Kelly & Alworth (2013). The procedure was conducted 5 hours after the 
transportation of the broilers from the poultry farm. Birds from private 
farms were handed over to the veterinarians by farmers to whom the birds 
were adapted and of whom they were not afraid.  

Work with the obtained biomaterial was performed according to the 
recommendations from the source: Boiko et al. (2013).  

20 μL of the collected blood was added to a test tube with 4 mL of 
physiological solution and carefully mixed. The mixture was loaded with 
a pipette into the prepared Goryaev chamber. Cells were counted in five 
large (80 small) squares, moving the chamber diagonally.  

The formula X = A x 4000 x 200 / 80 was used for the calculation, 
where X is the number of cells in 1 μL of blood, A is the number of cells 
counted in the chamber (for 80 small squares), 4000 is the multiplier for 
converting the value to 1 μL; 200 is the blood dilution factor. In the tables, 
the data was presented per 1 liter.  

Blood smears were prepared on previously degreased and disinfected 
glass slides. Staining of smears was made after their drying according to 
the Pappenheim method. Smears were covered with May-Grünwald 
solution (for 3-5 minutes). The paint was washed off with distilled water, 
and then covered with a diluted Romanovsky-Giemsa solution (for 20–
30 minutes). After staining, the smears were washed with running water 
and dried.  

The smears were analyzed under high magnification with immersion 
oil (MICROmed Evolution ES-4130 microscope, Plan 100x/1.25 Oil 
objective, WF 10x/22 eyepiece). Imaging was made using a 5.0 Mpix 
USB 2.0 CCD video camera compatible with the microscope. The num-
ber of individual populations of blood cells per 200 examined cells was 
determined, and the obtained values were divided by 2 to obtain the per-
centage. To determine the absolute number of erythrocytes, leukocytes, 
and platelets, their percentage content was multiplied by the number of 
cells found in the Goryaev chamber. To evaluate different populations of 
leukocytes, their total cell number was considered as 100% and the rela-
tive number of individual populations was proportionally calculated, and 
the total number was determined by multiplying the population percen-
tage by the total number of leukocytes.  
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The H/L ratio was determined by the percentage ratio of heterophils 
and lymphocytes according to the examples of the analyzed parts of the 
literature (Abdi-Hachesoo et al., 2011; Gottstein et al., 2015).  

Morphological analysis of blood cells was performed according to the 
illustrative material given by Campbell (1994) and Boiko et al. (2013).  

Comparison of data in samples was performed using the ANOVA 
method with Bonferroni's correction. Data in the tables are presented as 
mean ± standard error (x ± SE). The statistical significance of the differ-
ence in indicators between groups is indicated with three values: P < 0.05; 
P < 0.01; P < 0.001.  
 
Results  
 

Morphological analysis of smears of broilers from a private farm in a 
relatively ecologically clean area showed the dominance of classical forms 
of blood cells of birds. Most heterophils had a well-defined visible nuc-
leus, usually with 2 blade-shaped segments of chromatin (Fig. 1). There 
were mostly small lymphocytes in the cell population (Fig. 1, 2a, 2c) and 
medium (Fig. 2b) lymphocytes with different densities of nuclear chroma-
tin. There were typical changes in the shape of cells from round to oval. 
The presence of small pseudopodia was noted in individual lymphocytes.  

Monocytes had a classical appearance. They were large cells with a 
well-defined bright cytoplasm and nuclei of an oval or concave (kidney-
shaped) shape (Fig. 3).  

Eosinophils and basophils were relatively rare in the field of vision 
and had typical morphological features (Fig. 4).  

  
Fig. 1. Erythrocytes (1), heterophil (2) and small lymphocyte (3) in  peri-
pheral blood of broilers from a private farm in an ecologically clean area  

  
Fig. 2. Modification of lymphocytes’ morphology in peripheral blood of 

broilers from a private farm in an ecologically clean area  

Morphological analysis of smears from the broilers raised in the poul-
try factory showed a significant dominance of heterophils among blood 
leukocytes. The heterophils had small, dense granularity, which masked 
the nucleus and did not allow a clear view of its shape. Small forms domi-
nated among lymphocytes. Their nucleus occupied almost the entire cell, 
and the chromatin was packed very tightly. Erythrocytes and platelets had 
a typical form without pathological features (Fig. 5). An important charac-
teristic of many heterophils was morphological changes that indicated the 
probable formation of heterophil extracellular traps (HETs) (Fig. 6).  

Eosinophils and basophils had well-defined granularity and were 
found in the field of view relatively often between  cell populations in the 
birds’ blood (Fig. 7). At the same time, monocytes were relatively rare. 

They were relatively small in size, and some cells were in the process of 
active phagocytosis (Fig. 8).  

  
Fig. 3. Heterophil (1) and monocyte (2) in peripheral blood  
of broilers from a private farm in an ecologically clean area  

  
Fig. 4. Basophil (1), eosinophil (2) and thrombocyte (3) in peripheral 

blood of broilers from a private farm in an ecologically clean area  

  
Fig. 5. Thrombocyte (1), heterophil (2), small lymphocyte (3),  

and erythrocytes (4) in peripheral blood of broilers from a poultry farm  

  
Fig. 6. Heterophils with morphological features of extracellular net  

formation in peripheral blood of broilers from a poultry farm  
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Fig. 7. Eosinophil (1) and basophils (2) in broilers’ peripheral blood  

from a poultry farm  

  
Fig. 8. Monocyte (1) and lymphocyte (2) in   

peripheral blood of broilers from a poultry farm  

For many smears obtained from broilers from the territory with the 
long time status of enhanced radioecological control we detected the pres-
ence of large (Fig. 9) and medium (Fig. 10, 11) lymphocytes, the forma-
tion of platelets clusters (Fig. 9, 12) and the presence of "shadows" that are 
fragments of nuclei of partially destroyed leukocytes, mainly heterophils 
(Fig. 9).  

  
Fig. 9. Heterophilic “shadow” (1), thrombocytes (2), erythrocytes (3),  

large lymphocytes (4) and heterophil (5) in  peripheral blood of broilers  
from a private farm on the territory with long time enhanced  

radioecological control status  

The majority of the heterophils were morphologically similar to those 
observed in broilers from the poultry farm, with fine dense grain and a 
"hidden" nucleus (Fig. 10). Individual lymphocytes were imaged during 
the period of proliferation (Fig. 12). Eosinophils and basophils had a typi-
cal morphology, however, basophils were seen relatively often. Mono-
cytes, on the contrary, were rarely found (Fig. 11).  

  
Fig. 10. Heterophil (1) and middle lymphocyte (2) in  peripheral blood  

of broilers from a private farm on the territory with long time status  
of enhanced radioecological control  

  
Fig. 11. Monocyte (1), basophil (2), middle lymphocyte (3)  

and basophil (4) in peripheral blood  of broilers from a private farm on  
the territory with long time status of enhanced radioecological control  

  
Fig. 12. A cluster of thrombocytes (1) and a lymphocyte during  

proliferation (2) in peripheral blood of broilers from a private farm  
on the territory with long time status of enhanced radioecological control  
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Quantitative analysis showed that the number of erythrocytes and pla-
telets, the total and absolute numbers of monocytes, eosinophils and baso-
phils, the absolute number of lymphocytes and heterophils in broilers from 
the private farm (in the relatively ecologically clean areas) were within the 
parameters indicated in the literature. The relative measurements of lym-
phocytes were shifted to the lower limit of the indicated values, and the 
relative measurements of heterophils were shifted to the upper limit.  

In broilers from the poultry farm, the number of erythrocytes was 
within the recommended values, the number of platelets was shifted to the 
upper limit of the data specified in the literature, and in some birds it even 
exceeded it. The total number of leukocytes, relative and absolute number 
of eosinophils and basophils were also shifted to the upper limit. The rela-

tive and absolute number of monocytes shifted to a lower level. Parame-
ters for lymphocytes significantly exceeded the lower limit of the recom-
mended values, and heterophils exceeded the upper limit (Table 1).  

In broilers raised in territories that had been in the status of enhanced 
radioecological control for a long time, the parameters for lymphocytes 
and heterophils showed trends similar to those found in birds from the pri-
vate farm in a relatively ecologically clean territory. The relative number 
of heterophils was at the upper recommended values, and the number of 
lymphocytes was at the lower ones. The relative number of monocytes 
was lower than the recommended values, and the relative number of baso-
phils was higher (Table 1).  

Тable 1  
Blood parameters in broilers raised under different conditions and exposed to certain environmental or social factors  (x ± SE; n = 20)  

Components Blood parameters in broilers from a private farm 
from the relatively ecologically clean territory 

Blood parameters in broilers from a private farm 
from the territory that was in the status of enhanced 

radioecological control 

Blood parameters in 
broilers from a poultry farm 

Erythrocytes, х 1012 /L   3.64 ± 0.81   3.59 ± 0.88   3.54 ± 0.89 
Leukocytes, х 109 /L 24.21 ± 6.06 31.01 ± 6.22 33.99 ± 5.10 
Thrombocytes, х 109 /L 41.05 ± 4.36 48.10 ± 6.67 45.01 ± 6.11 
Lymphocytes, % 49.98 ± 6.10 47.25 ± 6.02          16.28 ± 4.97***,# # # 
Lymphocytes, х 109 /L 12.02 ± 0.94 14.10 ± 0.80             4.69 ± 0.61***,# # # 
Heterophils, % 43.98 ± 5.91 46.31 ± 6.02             78.35 ± 5.24***, # # # 
Heterophils, х 109 /L 10.55 ± 1.05 14.31 ± 1.89          26.41 ± 2.80***,# # 
Heterophils and lymphocytes ratio, H/L   0.86 ± 0.10   1.01 ± 0.29             4.78 ± 0.40***,# # 
Monocytes, %   2.29 ± 0.26         0.54 ± 0.30***       0.99 ± 0.29** 
Monocytes, х 109 /L   0.51 ± 0.09     0.19 ± 0.10*   0.36 ± 0.10 
Eosinophils, %   2.01 ± 0.82   2.55 ± 0.90   2.70 ± 0.80 
Eosinophils, х 109 /L   0.48 ± 0.10   0.78 ± 0.30   1.01 ± 0.28 
Basophils, %   0.99 ± 0.41       3.01 ± 0.55**   2.06 ± 0.83 
Basophils, х 109 /L    0.24 ± 0.18     0.91 ± 0.19*   0.72 ± 0.30 
Notes: * – P < 0.05 parameters compared to the parameters of broilers from a private farm from a relatively ecologically clean territory; ** – P < 0.01 parameters compared to the 
parameters of broilers from a private farm from a relatively ecologically clean area; *** – P < 0.001 parameters compared to the parameters of broilers from a private farm from a 
relatively ecologically clean area; # # – P < 0.01 parameters compared to the parameters of broilers from the private farm from the territory that was in the status of enhanced 
radioecological control; # # # – P < 0.001 parameters compared to parameters in broilers from a private farm from the territory that was in the status of enhanced radioecological 
control.  

At the same time, there was no statistically significant difference in 
the number of erythrocytes in birds raised in different conditions (Table).  

The average value of the absolute number of leukocytes and platelets 
in birds from the private farm in an ecologically clean territory was lower 
than in broilers from the poultry farm and from the private farm in the 
territory that was in the status of enhanced radioecological control, how-
ever, due to a significant spread of parameters and a large standard error, 
statistically, there was no significant difference in these indicators, as well 
as in the number of erythrocytes (Table).  

Statistical analysis confirmed the presence of trends noted in the mor-
phological analysis of blood smears. Broilers from the poultry farm had 
significantly lower relative and absolute numbers of lymphocytes than 
chickens from the other two analyzed groups and significantly higher 
relative and absolute numbers of heterophils. Also, these birds had a sig-
nificantly lower relative number of monocytes and a tendency to an in-
creased number of eosinophils and basophils, compared to broilers from 
the private farm in a relatively ecologically clean area. Moreover, the 
relative and absolute number of monocytes was significantly lower in 
broilers from the private farm in a territory that has been under enhanced 
radioecological control for a long time than in birds from a private farm in 
a relatively ecologically clean territory. Parameters of basophils were 
significantly higher too (Table 1).  

Analysis of the heterophils/lymphocytes ratio revealed a significantly 
higher indicator in broilers from the poultry farm than in birds from private 
farms (Table 1).  
 
Discussion  
 

Evaluating the leukogram of birds can be an important diagnostic in-
dicator in veterinary medicine and environmental research. Methods for 
collecting, processing, and analyzing avian blood samples have been 
developed in detail (Campbell, 1994; Davis et al., 2008; Kelly & Alworth, 
2013; Jones, 2015). However, birds’ blood smears are significantly differ-
ent from blood smears obtained from mammals. The main difference is 

the presence of three types of true nuclear cells: erythrocytes, leukocytes, 
and platelets. Nuclei in these cells are preserved throughout the life of the 
cell. This feature complicates morphological studies of bird blood even for 
experienced hematologists (Boiko et al., 2013).  

The literature describes quite variable data regarding the normal pa-
rameters of chickens’ blood in different periods of their development. 
Gottstein et al. (2015) report a higher number of heterophils in newborn 
chickens (on average, about 62% versus 37% of lymphocytes). By the age 
of 3 weeks, parameters change with the increase of lymphocytes (about 
18% vs. 81%), and this pattern is kept throughout the following life (Abdi-
Hachesoo et al., 2011; Boiko et al., 2014; Gottstein et al., 2015). Our ob-
tained data was compared during the analysis with the above information 
and recommendations for the normal parameters (Jain, 1993; Simaraks 
et al., 2004; Kongroi & Likitdacharote, 2019).  

The obtained results indicate that birds from the private farm in a rela-
tively ecologically clean area have initial signs of stress (there is a shift in 
the number of lymphocytes to the lower limit of the norm and heterophils 
to the upper limit). However, they do not have a clear manifestation. 
The presence of small pseudopodia (Fig. 2c) detected in individual lym-
phocytes is a common phenomenon in birds (Boiko et al., 2013). In broi-
lers from a poultry farm, there is a clear dominance of granulocytic frac-
tions of leukocytes and suppression of mononuclear ones.  

The increase in the H/L ratio in birds is considered to be a sign of the 
response of the immune system to chronic stress caused by a persistent 
rise in the concentration of circulating corticosterone (Gross & Siegel, 
1983; Maxwell, 1993; Davis et al., 2008; Shini et al., 2008; Weimer et al., 
2018; Maness et al., 2023). The stress-induced decrease in the number of 
circulating lymphocytes occurs as a result of processes of redistribution of 
different populations of leukocytes. Circulating lymphocytes adhere to 
endothelial cells of blood vessel walls in response to the influence of glu-
cocorticoids, then migrate from the circulation to the lymph nodes, spleen, 
bone marrow, etc. (Dhabhar, 2002). At the same time, the migration of 
neutrophils into the bloodstream from the bone marrow is stimulated and 
their exit from the blood is inhibited (Bishop et al., 1968).  
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Research experiments show that a typical stress leukocyte reaction 
can be caused by the addition of corticosteroids to the drinking water for 
broilers (Weimer et al., 2018). The stress effect of corticosterone treatment 
persists 7 days after finishing the injection course (Mehaisen et al., 2017). 
Accordingly, the H/L ratio is considered an important parameter of stress 
intensity in domestic chickens (Huth & Archer, 2015; Najafi et al., 2015; 
Pejaković et al., 2021).  

The combination of several stress factors increases both the H/L ratio 
and corticosteroid concentrations. Social stress, infections, lack of nutrition 
and lighting, and transportation are considered to be possible factors that 
might cause stress effects (Scanes, 2016).  

The increase in the heterophils/lymphocytes ratio in broilers from the 
poultry farm can be caused by two factors, which are social factors of 
housing density and subsequent capture and transportation to the zoo. 
The factory production of broiler chickens makes them sensitive to poten-
tial stress factors and can cause a constant production of stress hormones 
(Mehaisen et al., 2017; Nielsen et al., 2023). Accordingly, we can assume 
that changes in blood parameters in broilers should be expected during 
factory farming. However, some studies show the absence of such an 
effect, which may mean the absence of clear stress factors in chickens 
from poultry farms. Furthermore, some authors believe that birds have 
generally relatively low adrenal gland reaction to social stress influence, 
and its variability depends on species, genetic factors, and age (Beuving & 
Vonder, 1977; Mormède et al, 2007). The diversity of genetically deter-
mined reactions to stress factors of different natures has been confirmed 
for various animals and humans (King et al., 2001; Melnyk et al., 2005; 
Muráni et al., 2010).  

The detected increase in the H/L ratio in our case could be caused by 
the transportation process. Acute stress caused by 30-minute or longer 
transportation creates a significant increase in the concentration of corti-
costeroid in chickens (Kober et al., 2011; Gou et al., 2021). The available 
data shows that usually the rise of corticosterone during acute stress can 
begin 2 minutes after the capture of birds (Romero & Reed, 2005), and the 
following increase in the number of heterophils and decrease in the num-
ber of lymphocytes occurs in one to two hours (Cīrule et al., 2012). Blood 
samples were taken from broilers 5 hours after transportation to the zoo. 
Thus, potentiation of moderate chronic stress during cultivation and acute 
during transportation is possible.  

The presence of monocytes in the process of phagocytosis and hete-
rophils with signs of the extracellular traps formation and increased granu-
larity indicate the mobilization and possible stress-induced reaction of 
phagocytic leukocytes (Chuammitri et al., 2009; Nidamanuri et al., 2017; 
Anand Laxmi, 2019; Abo-Al-Ela et al., 2021). Considering that mono-
cytes are the precursors of macrophages, which are involved in numerous 
immunopathological processes (Guttenberg et al., 2024), the detected 
signs require additional analysis.  

A chronic increase in concentration of corticosterone causes an earlier 
response to following stressful effects. A two-phase cellular reaction can 
be observed in birds during some types of stress, which is characterized by 
a change in the redistribution of blood cells. The first phase appears under 
light and moderate stress loads and is characterized by heterophilia and an 
increase in the H/L ratio. The second phase occurs under severe stress 
associated with life-threatening conditions and is characterized by baso-
philia (Maxwell et al., 1992; Maxwell, 1993). Indeed, broilers from the 
poultry farm showed a tendency to increase in the number of basophils. 
However, another tendency is the increase of the eosinophil number, 
which is not typical for a stressful situation (Davis et al., 2008; Cīrule et al., 
2012). Perhaps such an effect is caused by the peculiarities of nutrition. 
There are data on probiotic-stimulated increase of the number of eosino-
phils. Eosinophils play an active role in the regulation of allergic reactions 
and parasitic invasions, respectively, they can react to any atypical food 
components (Yudiarti, 2017). Moreover, some studies show a multidirec-
tional response of basophils to different types of stress factors (Nwaigwe 
et al., 2020).  

An important element of maintaining the health of predators in zoos is 
their nutrition with chicken carcasses and, in some cases, live birds. This 
contributes to the provision of their physical, psychological, and social 
needs (Cooper, 1983; Mellor, 2015), and the implementation of the prin-
ciple of "natural feeding" (Mellen, 1991; Kurtz, 2002), which, as a result, 

creates a satisfaction effect with food consumption (Lindburg, 1988; 
Carlstead et al., 1991). Many animals need to make some effort to obtain 
food, rather than having easy access to it (Siegford, 2013; Wolfensohn 
et al., 2018). On the other hand, the situation of animals living in captivity 
is complicated by stress factors, which are limited opportunities for move-
ment, lack of camouflage, unfamiliar food, interrupted circadian rhythms, 
etc. It is difficult to measure the level of stress reaction both by monitoring 
vegetative reactions and by analyzing biochemical parameters, in particu-
lar, the concentration of cortisol in biological material (Line et al., 1989; 
Wolfensohn et al., 2018; Tallo-Parra et al., 2023). At the same time, nu-
merous studies show that social stress factors, especially when combined 
with other types of stress, can significantly affect the immune system and, 
accordingly, the state of health of both humans and animals (Sapolsky, 
2004; Cavigelli & Chaudhry, 2012; Sokolenko, 2016). Feeding such 
animals with chicken carcasses or live birds, whose body contains a high 
concentration of corticosteroids (a sign of which is an increased number of 
heterophils), can cause the effect of hypercortisolemia, which will nega-
tively affect their physiological status. The discovered phenomenon 
should be carefully studied by the veterinary services of zoos and requires 
further research accordingly. It is desirable to keep chickens for a certain 
time in zoo conditions before using them as food for predators considering 
the duration of the stress effect.  

Among the analyzed groups of chickens were broilers from a private 
farm on the territory under long term status of enhanced radioecological 
control following the accident at the Chornobyl nuclear power plant. 
An increased activity of 137Cs is observed in this area nowadays. Radiation 
disasters create involuntary conditions for studying the immediate and 
distant consequences of the impact of ionizing radiation on various popu-
lations of living organisms. Despite the long time that has passed since 
1986, the expression of the radioadaptive response in wild populations 
living in contaminated areas remains poorly understood (Galván et al., 
2014; Webster et al., 2016; Murphy, 2018; Cannon & Kiang, 2022; Klyu-
chko et al., 2023). It is necessary to consider the species and individual 
variability of the potential for the formation of adaptive reactions (Luckey 
& Lawrence, 2006). The impact of radiation on the population of living 
organisms in Chornobyl, particularly on birds, is characterized generally 
as negative (Møller et al., 2012). Activation of oxidative processes and 
suppression of antioxidant protection during chronic irradiation of various 
biological objects, including humans, is indicated (Sokolenko et al., 2018; 
Sokolenko & Sokolenko, 2019). However, the growth of many bird 
populations in contaminated areas confirms the potential presence of an 
adaptive response to chronic exposure and the oxidative processes in-
duced by it. The thesis proposes that birds not only successfully adapt to 
the negative effects of chronic exposure, but can also demonstrate hor-
monal effects beneficial to the population. Adaptive responses are often 
correlated with pigment concentration (Galván et al., 2011, 2014). 
In particular, albinism in bird populations is correlated with tumor forma-
tion and background radiation doses in polluted areas (Møller et al., 2013).  

Ionizing radiation is both a physical and psychological stress factor 
(Nylund et al., 2014; Contis & Foley, 2015; Samaila et al., 2024). It is 
possible to predict a redistribution of leukocyte populations in favor of 
heterophils and an increase in the H/L ratio in the group of chickens with 
an increased radiation background. However, the blood parameters of 
these broilers were more similar to those of birds from private farms in 
ecologically clean territory. They significantly differed in many parame-
ters from broilers grown in the poultry factory after their transportation. 
Perhaps the determining factor was the social conditions of cultivation, 
especially the adaptability of birds to contact with humans. Birds from 
private farms were in constant contact with their owners, as they were 
often picked up. Regular gentle handling of chickens reduces physiologi-
cal stress responses (Zulkifli & Siti Nor Azah, 2004). This is expressed 
both in the features of corticosterone production and in the ratio of hetero-
phils/lymphocytes (Al-Aqil et al., 2013). Fear of humans is one of the 
strongest socio-emotional stress factors for many animals, particularly 
birds. It is an adaptive psychophysiological response to potential or real 
danger (Jones et al., 1988). It has been shown that psychological stress in 
chickens caused by fear can lead to morphological changes in lympho-
cytes and heterophils (Mauldin et al., 1979). The morphological features 
of lymphocytes and heterophils in broilers from the radiation-contamina-
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ted territory that we discovered were not caused by emotional factors. 
The blood collection procedure can be ignored as a stress factor in this 
case. Indeed, the concentration of corticosteroids increases already during 
the capture of the bird and blood collection, especially if the duration of the 
procedure exceeds 2 minutes (Mormède et al., 2007; Chloupek et al., 
2011; Blas, 2015), and if the stress is increased by the fear of humans and 
temporary restriction of movement (Hemsworth et al., 1994; Kannan & 
Mench, 1996). However, considering data on quantitative changes in the 
H/L ratio during stress (at least after one hour (Cīrule et al., 2012)), short-
term blood collection would not take long enough to cause either quantita-
tive or morphological changes.  

Changes in cell morphology can be caused by stress factors of a phys-
ical nature, and one of the consequences of physical stress effects is indi-
cated as an increase in the number of basophils (Maxwell et al., 1992), 
which is noted in broilers from a number of areas with increased 137Cs 
activity and can be explained as a radiation-induced effect (Table 1). 
Chickens are characterized by rapid accumulation of 137Cs (especially in 
meat) when consuming contaminated food. However, more than half of 
these radionuclides (55%) are removed from an organism during the 1st 
day after receiving a dose, and in two weeks more than 90% of radionuc-
lides are removed. Small animals, especially birds, are characterized by 
intensive removal of radionuclides (Pöschl et al., 1997; Vicentijevic et al., 
2013). Thus, the existing effect can be explained only by the regular use of 
contaminated feed. On the other hand, it is unrealistic to talk about high 
concentrations of radionuclides in compound feed. Perhaps, in this case, 
the effect of chronic radiation appears over several generations. The con-
sequences can be observed as a tendency of many heterophils to destruc-
tion, accumulation of platelets, and dominance among lymphocytes of 
medium and large forms. Medium lymphocytes are often reactive, and 
large lymphocytes indicate potential oncological processes in the blood 
system. The reactivity of lymphocytes was confirmed by the detected 
proliferative processes in birds from the radiation-contaminated territory 
(Fig. 12). Thrombocytosis can characterize the presence of existing in-
flammatory processes (Jones, 2015).  

Thereafter, birds raised in areas with a high radiation background 
have certain signs of stress. In addition to an increased number of baso-
phils, another stress marker is a reduced number of monocytes. This effect 
also can be caused by the treatment of broilers with glucocorticoid hor-
mones (Vicuna et al., 2015; Scanes, 2016). However, the stress reaction is 
quite specific. The absence of changes in the H/L ratio may be an allostatic 
adaptive response, which, however, did not work for all blood parameters. 
Additional information can be provided by the following research related 
to indicators of lipid metabolism and oxidative processes. Stress leads to 
significant changes in the metabolism of chickens, and it is characterized 
by changes in the concentration of cholesterol (Virden & Kidd, 2009). 
The concentration of different fractions of cholesterol, especially in com-
bination with the condition of the oxidant-antioxidant system, is a reflec-
tion of the presence of various types of stress in people who have lived in 
radiation-contaminated areas for a long time (Sokolenko & Sokolenko, 
2019). In this case not only the adrenal glands but also other endocrine 
factors are involved in the formation of radiation-induced stress processes 
(Sokolenko & Sokolenko, 2019a), which should be taken under consider-
ation in future studies of agricultural animal populations.  

Variability in the interpretation of data becomes a problem when as-
sessing stressful situations caused by extreme social and environmental 
factors. However, it is generally accepted that corticosteroids lead to an 
increase in the number and percentage of neutrophils in mammals or 
heterophils in birds and a decrease in the number and percentage of lym-
phocytes. This feature can be suggested as a marker of the presence of 
stress (Davis et al., 2008; Maness et al., 2023). The hormonal condition of 
farm animals is quite stable during chronic stressful situations, so it re-
quires dynamic testing of blood parameters (Mormède et al., 2007). Re-
search has not yet explained the mechanisms that enable effective minimi-
zation of the harmful effects of physiological stress on poultry farms 
(Virden & Kidd, 2009; Vizzier-Thaxton et al., 2016). Early detection of 
stress load activation through blood analysis can help maintain bird health 
and prevent significant economic losses. Considering the significant va-
riability of indicators, it is recommended to determine various parameters 
of stress load with a comparison of interlaboratory standards. This ap-

proach provides the maximum reliability of the obtained results (Scanes, 
2016; Tainika et al., 2023). The radiation stress factor is particularly diffi-
cult to study (Pejaković et al., 2021). There was an issue with the analysis 
of ancestor broilers that produced the current generation of chickens (they 
were purchased by the owners at the local market) from the territory under 
long-term enhanced radio-ecological control and the young age of the 
birds. It is known that the age factor is important in the sensitivity of birds 
to radiation and the efficiency of recovery processes (Malhotra & Rana, 
1988). It is necessary to investigate the blood parameters of chickens that 
have lived in contaminated areas for several generations and reached a 
mature age.  
 
Conclusions  
 

There are potentially diverse marker expressions of quantitative and 
morphological features in broilers that were stressed by factors of different 
natures. Morphological changes prevailed in birds raised on the private 
farm on the territory with an increased radiation background. In the same 
sample, the main quantitative expression of the stress reaction was an 
increase in the number of eosinophils and a decrease in the number of 
monocytes. In birds raised in relatively ecologically clean areas, typical 
stress reactions, characterized by a significant increase in the heterophils 
and lymphocytes ratio, were developed after acute transport stress. As the 
H/L ratio is considered to be a sign of chronic stress, the effect found in 
broilers from the poultry farm could be a sign of the potentiation of vari-
ous stress factors. The effect of taming had a positive effect on stress reac-
tions in birds, reducing their expression. It is desirable to minimize stress 
in broilers whose meat is intended for human and animal nutrition. Addi-
tional research is needed to clarify the assessment of the adaptive 
processes of domestic birds to various eco-social effects of a stressful 
nature and to understand their mechanisms.  
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