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Abstract. Service dogs are more stress-resistant than other animals, but they are also susceptible
to stress factors, which can lead to changes in their bodies and their ability to perform their
tasks. In this regard, the aim of the study was to investigate the effect of excessive stress factors
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in the form of powerful ballistic shelling of the territory on the organism of service dogs at the
physiological and behavioural levels and to identify markers of stress disorders in these animals.
Visual examinations, morphological, biochemical, computational and statistical methods were
used to determine the main criteria that help differentiate stress markers in service dogs. It was
found that physiological criteria, such as heart rate and breathing rate, and behavioural reactions
change even before the shelling due to the hypersensitive hearing and increased sensitivity
to vibrations in service dogs, and quickly return to normal within an hour after the stressor
has ceased. At the same time, the enhanced response to stressors does not affect the ability of
service dogs to perform their work tasks. It was also found that service dogs aged 4-5 years are
more resistant to stress, as confirmed by the absence of significant changes in serum cortisol
levels during the study. Service dogs aged 1-1.5 years are more susceptible to stress factors,
as evidenced by a 6.68-fold increase in cortisol levels (P <0.001) during the first stress factor
and a 1.69-fold increase (P < 0.001) after repeated exposure. Studying the condition of service
dogs under stress factors will allow the development of effective methods for diagnosing and
preventing stress in animals and maintaining their working capacity. The results of the study
can be useful for veterinarians in developing diagnostic criteria and methods for monitoring and
correcting changes in the body of animals caused by stress

Keywords: acute stress; chronic stress; diagnosis; behavioural changes; haematological

parameters; cortisol

Introduction

Service dogs perform tasks to ensure human
safety, are used in operational and investiga-
tive activities, to detect prohibited substances
or explosives, explosive devices, small arms and
ammunition, in areas affected by natural disas-
ters, perform working (mine detection) tasks in
combat zones, as well as security or transpor-
tation functions, act as guide dogs or compan-
ion dogs accompanying people with sensory or
mental disabilities. The issue of maintaining
the working capacity of service dogs is particu-
larly acute, as animals, like humans, are also
subject to stress factors. The level of excita-
bility, adaptability to stressors and inherited
behavioural characteristics of the animal play
a key role in the working capacity of a service
dog. Scientists, dog trainers, and canine therapy
specialists have been studying the development
of service dogs’ resistance to stress factors for a
long time. Many studies have been conducted
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on the level of stress experienced by working
dogs while performing their tasks. However,
most publications concern therapy dogs and
companion dogs.

Thanks to their developed sense of smell,
dogs recognise the odours of various substanc-
es, including the hormones cortisol, adrenaline
and noradrenaline, whose levels are particular-
ly elevated during a stress response. As pointed
out by L. Kiiroja et al. (2024), dogs are able to
distinguish volatile organic compounds (based
on adrenaline and noradrenaline) that are re-
leased during stress in the exhaled air of hu-
mans with high accuracy. Thanks to this unique
ability, service dogs can be used to search for
missing people, people trapped under rubble or
avalanches. In addition, there is a whole field
of application for dogs in medicine. In particu-
lar, C. Wilson et al. (2022) pointed out that dogs
are used to detect hypoglycaemia, seizures,




The functional state of service dogs...

dangerous bacteria, viruses (e.g. COVID-19) or
parasites (e.g. malaria), epileptic seizures and
even cancer in humans.

Service dogs play a special role in the reha-
bilitation of military personnel with post-trau-
matic stress disorder (PTSD). Military personnel
who experience combat stress and prolonged
traumatic effects require comprehensive treat-
ment, including the use of therapy dogs for
emotional support. As noted by S.C. Leighton et
al. (2024), the use of therapy dogs helps to re-
duce the symptoms of PTSD in military person-
nel and improve their psychosocial functioning
compared to conventional treatment practices.
This is because assistance dogs have a unique
mechanism for regulating stress indicators in
veterans with PTSD by modulating the hypo-
thalamic-pituitary-adrenal axis, which leads to
the normalisation of cortisol (stress hormone)
levels in the human body. In addition, as not-
ed by L.O. Nieforth et al. (2024), positive inter-
action between dogs and humans leads to an
increase in oxytocin (the happiness hormone)
in both dogs and humans, which contributes
to improved mood, reduced negative emotions,
and a positive worldview. Studying the prac-
tice of using service dogs in the system of the
State Emergency Service of Ukraine, H. Yat-
senko (2022) noted that after 10-15 minutes of
contact with a specially trained dog, a person
experiences a reduction in the release of stress
hormones at the neurovegetative level, nor-
malisation of cardiac activity, decreased heart
rate and pulmonary artery pressure, and an im-
provement in emotional state due to increased
oxytocin levels, along with mobilisation of the
body’s internal resources.

At the same time, service dogs, like hu-
mans, are also exposed to stress factors, which
may affect their performance of working tasks.
Service dogs can also become fatigued, fall ill,
experience low mood or sustain injuries. The
cumulative triggering of stress factors may lead

to refusal of the animal to perform its tasks or
to atypical behavioural responses. It should be
noted that dogs working in partnership with
humans perceive the handler’s emotional state
and level of stress, which can also serve as an
additional factor influencing the animal’s per-
formance. Stress resistance enables a service
dog to respond appropriately to environmental
conditions and stressors; however, even minor
changes in the behaviour of a service dog must
be detected in a timely manner and corrected.

The most common method used to assess
stress in animals is the evaluation of behav-
ioural responses and the analysis of cortisol
samples in saliva, blood or hair. However, ser-
vice dogs have specific characteristics com-
pared with pet dogs, primarily due to their
high stress resistance and adaptive capacity.
E.A.E. van Houtert et al. (2023) studied dogs
used for therapeutic purposes and found no
significant differences in salivary cortisol
levels, indicating the absence of an effect of
work-related activity on physiological stress in
these animals. At the same time, the number of
publications assessing the physiological condi-
tion of search dogs or dogs working in combat
zones remains limited. For example, in a study
on the effects of sudden loud sounds on con-
dition and behavioural responses, A.S. Mann et
al. (2024) found that fireworks, thunder, gun-
shots and traffic noise are causative factors of
increased stress in dogs. Fear of loud sounds of
unknown origin, as demonstrated by S. Nich-
iporuk et al. (2023), is a primary aetiological
factor in the development of PTSD in dogs dur-
ing military operations. Stress experienced by
service dogs can also have severe negative con-
sequences, including loss of working capacity,
which is often irreversible.

Given the lack of data in the literature on
the impact of excessive stress factors in the
form of intense and dangerous ballistic and
cruise missile shelling on the nervous system
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and stress development in service dogs, it is
necessary to conduct a detailed analysis of the
degree of adaptability of service dogs to such
stress triggers, to determine their function-
al capabilities and, where possible, to predict
their responses during the performance of their
service duties. Thus, the aim of this study was
to analyse and compare the physiological con-
dition of service search dogs at rest and under
the influence of severe stress factors, in particu-
lar ballistic missile shelling and/or presence in
combat zones, and to identify stress markers in
these animals.

Literature Review

Stress is a state in which an animal’s body re-
sponds to endogenous and exogenous threats
that help it to cope with danger or adapt to new
conditions. The causes of stress in animals may
include various physical, chemical and biolog-
ical environmental stressors. The mechanisms
underlying the development of stress responses
and the organism’s reactions to them have been
extensively studied and described in the litera-
ture. In particular, depending on the intensity
and type of the stressor, the rhythm of meta-
bolic processes in the animal’s body is disrupt-
ed, adaptive forces are mobilised and, due to
increased activity of the endocrine organs, im-
mune system function is reduced and catabolic
processes are activated, leading to a decrease
in humoral defence factors. The adaptive na-
ture of the stress response often itself becomes
a damaging mechanism that negatively affects
overall resistance and immunological reactivity
of the animal’s body.

The role of the endocrine system in stress
modulation is particularly important. In restor-
ing homeostasis in response to a stressor, as
noted by S.D. Clark et al. (2019), two endocrine
subsystems are involved: the sympatho-adrenal
medullary (SAM) axis, which acts through the
catecholamines adrenaline and noradrenaline,
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and the hypothalamic-pituitary-adrenal (HPA)
axis, which acts through increased levels of
the glucocorticoids cortisol and corticosterone.
T. Kooriyama and N. Ogata (2021) reported that
the SAM axis responds to a stressor almost in-
stantaneously: within milliseconds after expo-
sure, the sympathetic nervous system activates
the adrenal medulla to release adrenaline and
noradrenaline. This leads to a sudden increase
in the animal’s energy demand, i.e. an imme-
diate “fight-or-flight” response. Oxygen con-
sumption increases through an accelerated
respiratory rate; heart rate and blood glucose
levels rise; locomotor activity, alertness, sen-
sory and learning functions, and memory are
enhanced. In contrast, processes that are not
immediately essential for survival (digestion,
reproduction and growth) are suppressed, and
pain perception is reduced.

S.D. Clark et al. (2019) also noted that dur-
ing prolonged exposure to a stressor, another
mechanism of the stress response is activat-
ed: the adrenal cortex, following stimulation
by the pituitary gland via adrenocorticotropic
hormone (ACTH), begins to release glucocor-
ticoids within several minutes or hours after
exposure, with cortisol concentrations in plas-
ma or saliva reaching a peak 10-30 minutes
after cessation of the stressor. The main met-
abolic effect of cortisol is energy mobilisation,
which initially helps to restore homeostasis.
However, prolonged elevation of cortisol lev-
els contributes to maladaptive changes in the
organism, eventually leading to immunosup-
pression and delayed growth and development
of the animal. Sustained elevation of cortisol
suppresses glucose utilisation by cells and
impairs the function of macrophages, neu-
trophils, basophils and eosinophils, resulting
in reduced immune system function. In par-
ticular, according to T. Kooriyama & N. Oga-
ta (2021), prolonged stress reduces immune
system effectiveness by 40-70%.
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Exposure to high-intensity stressors (for
example, explosions), or sequential stress sit-
uations that do not allow animals sufficient
time to recover, generally leads to behav-
ioural changes. At the same time, as noted by
N.J. Rooney et al. (2016), fear responses develop
in animals when negative events exceed their
individual tolerance threshold. Sensitisation (a
process in which an animal’s response intensi-
fies with repeated stimulation) occurs more fre-
quently when the stressor is of high intensity or
low predictability.

At the same time, animals may also develop
habituation both to stressors and to the working
environment. In particular, in a study of service
dogs, S.D. Clark et al. (2019) noted that salivary
cortisol levels were lower in dogs that partici-
pated in several therapeutic sessions per week
compared with dogs that worked once a week
or less frequently. In addition, older dogs also
showed a lower cortisol response than young-
er ones. Taken together, these results indicate
that dogs are capable of habituating to their
working environment and, as a result, exhibit
a lower cortisol response to work-related situa-
tions compared with less experienced dogs.

As reported by L. Townsend &
N.R. Gee (2021), prolonged exposure to stress-
ors in dogs may lead to trigger-based stress
accumulation. Thus, it is necessary to pay at-
tention even to subtle signs of stress in ser-
vice dogs, which are manifested through body
language, such as yawning, lip licking, tongue
flicking, gaze avoidance, a lowered tail, and ears
held back. If these behavioural indicators are
not recognised in a timely manner, the stress
effect in the animal will intensify (a cumula-
tive effect), which may ultimately result in in-
creased aggression or depression, body tremors,
excessive coprophagia, increased vocalisation,
inappropriate behaviour, and loss of working
capacity of the service animal. Consequently,
implementing measures to reduce stress levels

in service dogs is essential, as they require a
balance between work, play and rest.

B.M.G. Gormally & L.M. Romero (2020) in-
dicated that the development of stress within
the animal’s body is directly reflected by chang-
es in glucocorticoid levels and the excretion of
their metabolites in saliva, faeces and urine;
alterations in heart rate, heart rate variability
and respiratory rate; metabolic disturbances
(metabolic rate, changes in thermoregulation);
cellular impairments; changes in the immune
system; delayed development; and behavioural
alterations (including stereotypic behaviours).
Thus, the most commonly used biomarkers for
interpreting stress states in animals are plasma
cortisol and glucose concentrations, substances
involved in adrenal cortex responses. Although
measuring glucocorticoid levels is not equiva-
lent to measuring stress itself, because these
hormones mediate the physiological stress re-
sponse, they serve as physiological markers of
stress in animals. In addition to cortisol, other
markers can be used to assess acute stress in
dogs, including adrenaline, noradrenaline and
chromogranin A (CgA). The latter is released
together with catecholamines during acute
stress but is more stable.

N.L.B. Corder-Ramos et al. (2019) report-
ed that many researchers prefer non-invasive
methods, including the assessment of corti-
sol concentrations in hair and claws, as well
as cortisol, catestatin and vasostatin in saliva.
R. Palme (2019) indicated that measuring cor-
tisol/corticosterone metabolites in faeces can
also be used as a non-invasive method for as-
sessing glucocorticoid release and adrenal ac-
tivity. E.H. Kang et al. (2022) demonstrated that
the measurement of salivary alpha-amylase can
likewise be considered an important non-inva-
sive method for assessing pain-related stress
in dogs. At the same time, as noted by L. Me-
sarcova et al. (2017), determination of cortisol
concentration in urine cannot be considered a
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reliable indicator of stress in animals, since
urinary cortisol reflects unbound, biological-
ly active plasma cortisol, and measurement of
free cortisol in urine has primary clinical signif-
icance in the diagnosis of Cushing’s syndrome
in dogs. Thus, the combination of behavioural
changes and metabolic alterations in service
dogs may indicate the development of cumu-
lative stress, which in the future can lead to a
decline in the working capacity of service dogs.

Materials and Methods

The study was conducted from October 2024
to June 2025 at the Department of Internal
Diseases of the National University of Life and
Environmental Sciences of Ukraine and at the
Kyiv Region Canine Centre for service search
dogs, within the framework of a research pro-
ject carried out under contract No. BF/37-2021
dated 2 August 2021, “Scientific and practi-
cal foundations for ensuring animal health
in Ukraine”, in accordance with the task for
2025, “Effectiveness of natural-origin prepa-
rations in stress disorders caused by military
actions in service dogs”. Scientific research
involving animals complied with the require-
ments of the European Convention for the
Protection of Vertebrate Animals Used for Re-
search and Other Scientific Purposes (1986)
and the Law of Ukraine No. 3447-1V (2006).
All necessary procedures involving animals
were carried out in accordance with the AR-
RIVE recommendations (Kilkenny et al., 2010),
without violating the guiding principles of
Directive 2010/63/EU (2010) on the protection
of animals used for scientific purposes.

The objects of the study were service
search dogs from the canine centre. Fifteen
clinically healthy dogs were examined and di-
vided into three groups. At the first stage, under
conditions of rest, a control group was exam-
ined consisting of five animals aged 4-5 years
with a body weight of approximately 35.5 kg. At
the second stage of the study, after exposure to
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excessive stress factors, five dogs from group 1
(German Shepherd Dogs and Belgian Shep-
herd Dogs, aged 4-5 years, with a body weight
of approximately 35.5 kg) and five dogs from
group 2 (German Shepherd crossbreeds aged
1-1.5 years, with a body weight of approximate-
ly 30 kg) were examined. The group of animals
aged 1-1.5 years was added in order to differen-
tiate whether age influences the manifestation
of stress responses in service dogs.

The animals were housed at the service dog
centre and were used for search work as intend-
ed. Dry feed Royal Canin Premium (France) was
used for feeding. Observation of the animals was
carried out periodically throughout the entire
study period. Behavioural responses of the ani-
mals under resting conditions and under stress,
as well as physiological indicators of function-
al status, were the subjects of observation. The
animals were examined using generally accept-
ed methods. The initial comprehensive exam-
ination included detailed history taking, as-
sessment of general condition, visible mucous
membranes, lymph nodes, the cardiovascular
system, respiratory system, digestive system,
urinary system and nervous system. Inspection,
palpation, auscultation and laboratory blood
tests were employed. To determine the func-
tional state of the animals under the influence
of excessive stress factors, a repeated examina-
tion was carried out. The stress factor consisted
of intense, prolonged shelling of the territory
of Ukraine with cruise and ballistic missiles
by the aggressor. The repeated examination
included assessment of body conformation,
visible mucous membranes, lymph nodes, or-
gans and systems, using inspection, palpation,
auscultation and laboratory blood analysis.

Venous blood samples for analysis were
collected from the superficial vein of the fore-
arm in the morning before feeding. After shell-
ing, blood sampling was performed within one
hour after the end of the active phase of the
attacks. For complete blood counts, 2 mL of
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blood was collected into Vacumed tubes con-
taining the anticoagulant K.EDTA for morpho-
logical studies. For biochemical analysis, 2 mL
of blood was collected into Vacumed tubes with
a clot activator, then centrifuged for 10 minutes
at 3,000 rpm, after which the serum was trans-
ferred into clean Eppendorf-type tubes.

Complete blood count tests were performed
using a Mindray BC-5000 automatic haematol-
ogy analyser (China). The following parameters
were determined: haemoglobin content - by
photometric method; number of erythrocytes,
thrombocytes, leukocytes, absolute number of
granulocytes, monocytes and lymphocytes —
by electrical impedance method; haematocrit,
mean corpuscular volume, mean haemoglobin
concentration in erythrocytes, and haemoglo-
bin content in erythrocytes were determined
using a calculation method. The qualitative
composition of erythrocytes and the differen-
tial composition of leukocytes were studied in
blood smears stained with “Leukodif-200” hae-
matological dyes manufactured by “Erba lache-
ma” (Czech Republic). The ratio of neutrophils
to lymphocytes (N/L) was calculated by divid-
ing the total number of neutrophils by the to-
tal number of lymphocytes in absolute values,
and the ratio of platelets to lymphocytes (Tr/L)
was calculated by dividing the total number of
platelets by the total number of lymphocytes in
absolute values.

Biochemical blood tests of dogs were per-
formed on a semi-automatic biochemical
analyser LabLine-010 (Austria) using Spine Lab
reagents (Granum, Ukraine). The serum was test-
ed for total protein, albumin, glucose, urea, cre-
atinine, total bilirubin, calcium, inorganic phos-
phorus, alkaline phosphatase activity, alanine
aminotransferase (ALT), aspartate aminotrans-
ferase (AST) and gamma-glutamyltransferase
(GGT) were determined in the blood serum.
During the biochemical study, standard methods
were used: total protein content was studied by
colorimetric method, based on the intensity of

biuret complex formation, endpoint; albumin -
by the bromocresol green reaction, end point;
glucose - by the colorimetric method, enzymat-
ic using oxidase, end point; ALT by a modified
method of the International Federation of Clin-
ical Chemistry and Laboratory Medicine (IFCC),
based on the rate of nicotinamide adenine dinu-
cleotide (NADH) oxidation with measurement of
absorbance decrease (kinetic); AST by a modified
IFCC method based on the rate of NADH oxida-
tion with measurement of absorbance decrease
(kinetic); urea by the urease-glutamate dehy-
drogenase (GLDH) method (two-point); creati-
nine by a modified colourimetric Jaffé method
(two-point); alkaline phosphatase by the p-NPP
(p-nitrophenyl phosphate) kinetic method; cal-
cium by the Arsenazo III method (end-point);
and inorganic phosphorus by the phosphomo-
lybdate reaction (end-point).

Serum samples (0.5 mL) were delivered
within one hour to the veterinary laborato-
ry “Bald” (Kyiv, Ukraine) for cortisol analysis.
Serum cortisol concentration was determined
using an ImmunoChem-2100 analyser (USA) by
an enzyme-linked immunosorbent assay. The
obtained results were processed statistically
using Excel software, calculating the arithmetic
mean, standard deviation and Student’s t-test
with significance levels of P<0.05, P<0.01 and
P<0.001, and comparing the probability of the
animals’ condition before and after shelling be-
tween groups of adult and young service dogs.

Results and Discussion

As a result of the examination of service search
dogs at rest, it was established that at the be-
ginning of the study, the physiological indica-
tors corresponded to those of clinically healthy
animals. Heart rate, respiration, and behav-
ioural responses corresponded to the standards
for service dogs (Levchenko et al., 2008). There
were no visible signs of depression in the ani-
mals. The dogs were active, non-aggressive, and
easily performed training exercises. All service
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dogs, according to their purpose, underwent
rigorous selection for breed characteristics and
behavioural requirements, and possessed phys-
ical endurance, confidence, stress resistance,
the ability to work in a team with humans, and
a lack of fear of loud noises or aggression to-
wards other animals and people. As a rule, dogs
with average sensitivity were selected for work,
as such dogs have balanced characteristics, are
able to focus on the task and perform it. The
morphological and biochemical blood parame-
ters of the studied animals at rest also did not
exceed the limit values, in accordance with the
standards for healthy animals.

During the study, it was found that, thanks
to their trained hearing, sense of smell and
sense of vibration, service dogs began to get
restless a few hours before the shelling, be-
haved excessively excitedly, ran around the
enclosures, and exhibited increased vocalisa-

tion, which continued during the rocket fire.
These symptoms were repeated during sub-
sequent shelling. However, once the stressors
had ceased, the service dogs quickly returned
to their usual activities. After an hour, no signs
of increased excitement or depression were
observed in any of the animals; they were ac-
tively engaged in training exercises and ready
to work. Evidently, engaging service dogs in
constant physical activity and practising the
necessary service skills allows service animals
to reduce stress symptoms, as physical activi-
ty helps to release accumulated energy, reduce
anxiety through the production of endorphins,
and restore the animals’ calm through interac-
tion with the dog handler, which has a positive
effect on the dog’s well-being. The morpholog-
ical indicators of service dogs’ blood at rest and
under stress also showed changes that charac-
terise the animals’ response to stress (Table 1).

Table 1. Morphological blood parameters of service dogs
at rest and under the influence of stress factors (M*m, n=5)

After severe stress factors,

After repeated severe stress

Indicators Control group 24 days later factors, 6 months later
Group 1 Group 2 Group 1 Group 2
Erythrocytes, 10'%/L 6.54 £0.93 8.06+0.78 7.31+0.48 7.59 +0.54 6.95%0.50
Leukocytes, 10°/L 7.92 £0.81 6.54 % 0.85 9.24 £0.78¢ 8.45+1.17 11.21+1.35
Platelets, 10%/L 105.33+8.74  175.67+27.18 108.05+*9.23®  212.25+21.22% 179.0%22.5**
Haemoglobin, g/L 154.75+22.5 183.75+18.21 162.35+9.81 181.83+11.89  163.67 + 13.87
Haematocrit, % 52.15£5.02 52.40 £ 8.0 48.10+4.2 51.03£3.2 47.32+3.19
Neutrophils, 10%/L 3.79 £0.42 4.92+0.9 5.44 £ 0.36** 5.47 £ 0.55* 5.46 £ 0.04**
Lymphocytes, 10%L 2.76 £ 0.04 2.27+0.61 1.99 +0.22 2.01+0.16 3.17+0.21
Monocytes, 10°/L 0.58 £0.01 0.35%0.03 0.84+0.12**®  0.38 +0.03*** 0.57£0.17
Eosinophils, 10°/L 0.69%0.01 0.56 £0.27 0.94 £ 0.32 0.54%0.21 0.63%0.26
Basophils, 10%/L 0.01£0.01 0.02 £0.01 0.03 £0.01* 0.01+0.01 0.03 £0.01*
Note: *- P<0.05, **- P<0.01, *** - P<0.001 compared with the control group; ® — P<0.05, ®*® - P<0.01, ®®® -

P<0.05 compared between groups 1 and 2
Source: developed by the authors

As can be seen from Table 1, after stress ex-
posure, the blood of animals in group 1 showed
a 1.23-fold increase in the number of eryth-
rocytes, a 1.67-fold increase in the number
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of thrombocytes, a 1.19-fold increase in hae-
moglobin content, and a 1.30-fold increase in
neutrophils, while the number of leukocytes
decreased by 1.21 times and monocytes by
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1.66 times in absolute terms compared to the
animals in the control group. However, no sig-
nificant difference between the indicators was
determined. In the blood of animals in group 2,
there was a significant increase in the number
of neutrophils by 1.44 times (P < 0.01), mono-
cytes — by 1.45 times (P < 0.05), basophils —
3 times (P <0.05), and a decrease in the number
of lymphocytes by 1.39 times (P < 0.01) com-
pared to the control group animals. In addition,
there was a 1.41-fold increase in the number of
leukocytes (P < 0.05), a 2.4-fold increase in the
number of monocytes (P <0.01), and a 3-fold
increase in the number of basophils (P < 0.05)
compared to group 1 animals. In a repeat study
after exposure to a stress factor in service dogs,
group 1 animals showed a 2.02-fold increase in
the number of platelets (P <0.001), a 1.44-fold
increase in the number of neutrophils (P<0.05),
and decreased by 1.53 times (P < 0.001) com-
pared to the control group. In the blood of
animals in group 2, there was a 1.44-fold in-
crease in the number of neutrophils (P<0.01), a
3.0-fold increase in basophils (P < 0.001), and
a 1.7-fold increase in platelets (P <0.001) com-
pared to the control group.

These data are consistent with N.L.B. Cord-
er-Ramos et al. (2019), who indicated that dur-
ing the development of acute stress in dogs,
general leukocytosis developed, and a stress
leukogram was recorded, characterised by
neutrophilia, monocytosis, eosinopenia, and
lymphocytopenia. The data obtained also con-
sistent with the studies by E. Chmelikové et
al. (2020), who noted that stress activates the
hypothalamic-pituitary-adrenal axis, leading
to the release of glucocorticoids and catecho-
lamines, and then to an increase in the num-
ber of neutrophils and a decrease in the num-
ber of lymphocytes in the blood. In response
to the action of glucocorticoids, circulating
lymphocytes adhere to the endothelium of
blood vessel walls and then migrate to oth-
er tissues, such as lymph nodes, spleen, bone

marrow and skin, where they are sequestered.
In addition, the release of glucocorticoids and
catecholamines through cytokines promotes
the production of acute phase proteins in
hepatocytes, thereby increasing their levels in
the blood serum.

The ratio of neutrophils to lymphocytes is
also considered a marker of acute stress in ani-
mals. In service dogs, a change in the N/L ratio
was observed after exposure to a stressor due to
an increase in the number of neutrophils from
1.37 to 2.17 in dogs in group 1 and to 2.73 in
dogs in group 2 during the first bombardment,
and an increase in the N/L ratio to 2.72 in dogs
in group 1 and to 1.72 in group 2 after repeat-
ed exposure to the stressor. These data are
consistent with the results of a study by K. Ra-
disavljevic¢ et al. (2015), who studied the effect
of transport stress on dogs and found that the
first physiological response is an increase in
cortisol levels in blood plasma and saliva and
an increase in the neutrophil/leukocyte ratio in
the blood of animals. As noted by B.M.G. Gor-
mally & L.M. Romero (2020), a change in the
N/L ratio was recorded in the blood of animals
1-4 hours after exposure to the stress factor. In
the bone marrow of dogs, the N/L ratio should
be 1:1 or with a slight predominance of neu-
trophils, although variation is possible in adult
animals. ].I. Cristobal et al. (2022) established
a range of reference values for the N/L ratio
in healthy dogs, which was 0.74-5.62, and the
platelet-to-lymphocyte ratio was 56.41-198.02.

The platelet-to-lymphocyte ratio (Tr/L) in
dogs is an important indicator that reflects the
presence of inflammation, infection, immune re-
sponse and bleeding risk. An increased ratio may
also be observed during the development of a
stress response in the animal. In service dogs at
rest, the Tr/L ratio was 38.2; under the influence
of a severe stressor it was 77.4 in group 1 animals
and 54.3 in group 2 animals. Following repeated
exposure to the stressor, the ratio increased to
105.6 in dogs of group 1 and to 56.5 in animals
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of Group 2. However, despite the considerable
differences in results, the values of these indices
in animals of all groups remained within the es-
tablished reference ranges for healthy animals.

Biochemical parameters of blood serum
(Table 2) in dogs of group 1 were character-
ised by a significant twofold increase in glucose
concentration (P < 0.001) compared with the
control group. In the serum of dogs of group 2,
glucose concentration increased by 1.78 times
(P<0.001), inorganic phosphorus by 1.63 times

(P <0.005), while creatinine concentration de-
creased by 1.34 times (P < 0.01) and bilirubin
by 1.83 times (P <0.001). Repeated serum anal-
ysis in dogs of group 1 was characterised by a
1.15-fold increase in bilirubin concentration
(P < 0.01) compared with the control group,
whereas in group 2 only an increase in inorgan-
ic phosphorus concentration was observed, by
1.5 times (P <0.01) compared with the control
group and by 1.62 times (P < 0.01) compared
with group 1.

Table 2. Biochemical indicators of blood serum in service dogs
at rest and under stress factors (M*m, n=5)

After severe stress factors,

After repeated severe stress

TR Control group 24 days later factors, 6 months later
Group 1 Group 2 Group 1 Group 2
Glucose, mmol/L 2.18£0.10 4.36 £ 0.27%** 3,90 + 0.35%** 2.15£0.07 2.33+0.31
Total protein, g/L 61.68 +3.53 53.06 = 5.05 55.8+4.02 59.38 £6.19 52.88 +3.77
Albumin, g/L 33.15+£3.29 31.58 +5.53 32.5+2.35 27.75 £ 2.53 30.5+4.59
Total bilirubin, ymol/L.  2.75 +0.07 1.32+£0.36 1.50 £0.26%**  3.15+0.11** 2.94+0.18
Urea, mmol/L 4.95+0.78 5.67%1.1 4.26 +0.65 4.35+0.30 4.02 +£0.48
Creatinine, pmol/L 94.88 £ 4.31 89.04 £15.03 70.80 = 5.63** 91.03 £ 8.86 101.67 £9.5
Calcium, mmol/L 2.40+0.40 2.66 +0.35 2.3%0.36 2.26 £0.33 2.43+0.17
Inorganic phosphorus, 4 5749 49 1.76 £ 0.21 1.97 + 0.32* 1.12£0.16  1.81%0.12%*e®
mmol/L
Note: *- P<0.05, ** - P<0.01, *** - P<0.001 compared with the control group; ® — P<0.05, ®*® - P<0.01, *®® -

P<0.05 compared between group 1 and 2
Source: developed by the authors

During the study of serum enzyme activity
in dogs of group 1, a 2.49-fold decrease in AST
activity (P <0.05) was observed compared with
the control group, while in the serum of dogs
of group 2 a 2.11-fold decrease in AST activity
(P<0.01) and a 2.17-fold increase in alkaline
phosphatase activity (P < 0.001) were record-
ed compared with the control group (Table 3).
Interpretation of AST and ALT enzyme activ-
ity in serum is used to assess liver function
in animals and hepatocyte damage, while in-
creased alkaline phosphatase activity has high
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sensitivity (86%) but low specificity (49%) for
canine liver disease. However, during the de-
velopment of a stress response, the activity of
these enzymes may also increase due to phys-
iological reactions such as muscle tension and
oxidative stress. Investigating hepatic en-
zyme activity in service dogs, N. Hadzimusi¢
& D. Hadzijunuzovic¢-Alagi¢ (2024) found that
the age of the animals does not significantly
affect liver enzyme activity, except for alkaline
phosphatase, which is elevated in young ani-
mals due to bone growth.
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Table 3. Enzyme activity in the blood serum of service dogs
at rest and under stress factors (M*m, n=5)

After severe stress factors,

After repeated severe stress

Indicators Control group 24 days later factors, 6 months later
Group 1 Group 2 Group 1 Group 2
ALT, U/L 42.60 +3.04 20.6 £4.53 36.45 £ 6.25 32.02 £2.99* 29.47 £ 4.78*
AST, U/L 45.15+5.42 18.1+1.98*  21.36 #3.69**  27.1+5.77* 23.98 £2.84**
Alkaline 97.13£6.72 166.7+11.94 211.2+14.59*** 106.0+12.16 189.4 +26.45**®®
phosphatase, U/L
GGT, U/L 10.52 £ 2.70 12.57 £ 2.53 8.5%0.15 5.4+0.56 6.1%0.12

Note: *- P<0.05, **- P<0.01, *** - P<0.001, compared with the control group; ® - P<0.05, ®® - P<0.01, ®*®® -

P<0.05 compared between groups 1 and 2
Source: developed by the authors

Arepeated examination after 6 months also
revealed a decrease in ALT activity by 1.33 times
(P<0.05) in the blood serum of dogs in group 1
and by 1.45 times (P <0.05) in dogs in group 2
compared with the control group. At the same
time, AST activity in the blood serum of dogs in
group 1 decreased by 1.67 times (P<0.05), while
in dogs in group 2 it decreased by 1.88 times
(P<0.01). It was noted that AST activity at the
beginning of the study was slightly higher than
the reference values for dogs (5-25 U/L); there-
fore, the reduction in its activity in the blood
of dogs from both groups is a positive finding,
indicating normalisation of liver function in
the animals. In addition, an increase in ALP
activity by 1.95 times (P < 0.01) was observed
in the blood serum of animals in group 2 com-
pared with the control group and by 1.79 times
(P<0.01) compared with group 1.

The intensive use of service dogs and signif-
icant muscular loads may also contribute to in-
creased activity of liver enzymes, especially AST,
since part of this enzyme is present in muscle
tissue. Manifestations of chronic stress in ani-
mals may likewise affect the intensive function-
ing of the liver, leading to changes in hepatocyte
membrane permeability and the release of these
enzymes into the bloodstream. At the same time,
T. Ochi et al. (2013) indicated that alkaline phos-
phatase activity may be a useful biochemical
marker of transport-related stress in dogs, as

changes in its activity have been demonstrated
in animals after transportation. The increase in
alkaline phosphatase activity during stress is
associated with elevated cortisol levels, which
stimulate the production of the C-ALP isoen-
zyme in dogs in response to increased endoge-
nous or exogenous corticosteroids.

A key marker of stress in animals is the hor-
mone cortisol, a glucocorticoid produced by the
adrenal cortex under the influence of ACTH. It
regulates the majority of physiological process-
es in the animal body and, in the short term,
mobilises energy and various body systems to
respond to an immediate threat. However, pro-
longed elevation of cortisol levels often leads to
impairment of the immune system and behav-
ioural changes. In addition, cortisol regulates
overall metabolism, stimulates myocardial con-
tractility, increases arterial blood pressure and
blood glucose levels, and exerts anti-inflamma-
tory and immunosuppressive effects, helping
the body to cope with inflammation, but at ex-
cessive levels it may suppress immune function.
Excess cortisol can lead to the development of
Cushing’s syndrome in animals, increase the
risk of heart failure, anxiety, aggression or de-
pression, reduced appetite, provoke vomiting
or diarrhoea, and cause skin disorders such as
eczema, ulcers and inflammation. Excessively
elevated blood glucose levels may result in the
development of diabetes.
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Reduced cortisol levels, in turn, may lead
to weakened immunity, increasing susceptibil-
ity to infections and slowing wound healing.
M. Siniscalchi et al. (2013) reported that cortisol
has a significant influence on mood, behaviour
and overall well-being in animals by regulating
their responses to the environment. Thus, the
determination of cortisol is considered a relia-
ble biomarker for assessing the overall level of
stress and the temperament of a dog.

E.A.E. van Houtert et al. (2023) found that
in many publications authors focus on non-in-
vasive sampling methods for determining cor-
tisol concentrations in saliva, hair, and even in
claws and milk. Cortisol levels in hair vary de-
pending on seasonality, coat colour, age of the
animal, and reflect the state of chronic stress in
animals. D. Oyama et al. (2014) noted that sali-
vary cortisol reflects increases in plasma corti-
sol with a delay of 20-30 minutes, while during
prolonged exposure to a stressor its concentra-
tion in saliva decreases. However, it remains
unclear whether this reduction represents
adaptive physiological changes or habituation
to new environmental conditions. I. Schoberl et
al. (2017) reported that salivary cortisol levels
reflect the activity of the hypothalamic-pitui-
tary- cortisol may serve as a useful indicator
of stress-coping mechanisms in dogs, as high-
er variability is associated with better regula-
tion of the HPA axis and more adaptive stress

coping, whereas lower variability may reflect
blunted cortisol responses, potentially indicat-
ing chronic stress in animals.

E. Chmelikova et al. (2020) demonstrated
that the determination of cortisol in saliva also
has limitations related to the timing, method
of sample collection, and storage conditions.
N.J.Russell et al. (2007) established that storage
of blood samples in freezers at —20°C does not
significantly affect cortisol levels, whereas stor-
age at +4-5°C reduces cortisol concentrations
by approximately 12.5%. Thus, the assessment
of any stress markers should be complement-
ed by observations of behavioural changes in
animals. It should also be noted that stress re-
sponses in animals do not always positively cor-
relate with cortisol production and depend on
the baseline excitability of the nervous system.

In the present study, considering the se-
lected stress stimulus, it was appropriate to
determine cortisol concentrations in blood.
At the beginning of the experiment, this pa-
rameter was relatively high, amounting to
15.25 nmol/L (4.39 ng/mL) (Table 4). This val-
ue is slightly higher than those reported in the
literature for blood cortisol levels in dogs or
companion dogs. However, it is consistent with
the findings of J. Wojtas$ et al. (2020), who in-
vestigated search-and-rescue dogs involved in
disaster zones, where the mean salivary cortisol
concentration ranged from 4.2 to 4.89 ng/mL.

Table 4. Cortisol hormone content in the blood serum
of service dogs at rest and under stress factors (M*m, n=5)

After severe stress factors,

After repeated severe stress

Indicators Control group 24 days later factors, 6 months later
Group 1 Group 2 Group 1 Group 2
Cortisol, nmol/L 15.25+2.3 21.82%0.69 101.88+8.21%**®®® 1613+ 1.85 25.77 =(.39%** eee
Note: *— P < 0.05, **— P < 0.01, ***— P < 0.001, compared with the control group; ® - P<0.05, ®® - P<0.01, ®®® -

P<0.05 compared between groups 1 and 2
Source: developed by the authors

As shown in Table 4, the cortisol concen-
tration in the blood serum of dogs in group 1
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increased 1.43-fold after the first mass missile
strike and showed almost no difference after
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the second, thus the results did not demon-
strate a statistically significant difference. This
may indicate that service dogs have a high lev-
el of stress resistance, which enables them to
respond adequately to threats in dangerous
situations. In contrast, in the blood serum of
dogs from experimental group 2 a statistically
significant increase in cortisol concentration
was recorded, rising 6.68-fold (P < 0.001) after
exposure to the first stress factor compared
with the control group and 4.67-fold (P <0.001)
compared with dogs in group 1. This confirms
the hypothesis that younger animals react more
acutely to stressors and do not possess suffi-
ciently developed stress resistance compared
with adult service dogs. An increase in serum
cortisol concentration in dogs of group 2 was
also observed during the second mass missile
strike. In particular, its level increased 1.69-fold
(P < 0.001) compared with the control group
and 1.6-fold (P <0.001) compared with dogs of
group 1 during this period of the study.
However, it is important to note that be-
havioural changes in dogs of group 2 did not re-
flect a stress response after the missile strikes.
Despite the elevated serum cortisol concentra-
tion, the animals actively performed their tasks
and interacted with their handlers. It is evident
that the relationship with the human partner
with whom the service dog works had an influ-
ence on the dog’s physiological state. There is a
hypothesis that reductions in cortisol levels in
service dogs during stressful situations depend
on dog-human interaction. T. Mitropoulos &
A. Andrukonis (2025) pointed out that constant
stress in the owner can lead to increased stress
in service dogs. E. Chmelikova et al. (2020) in-
dicated that the cortisol content in dogs’ blood
changes according to the circadian rhythm,
with the highest peak observed in the morning
after waking up and the lowest before bedtime.
A. Colussi et al. (2018) studied behavio-
ral changes in dogs when they were played

recordings of thunderstorms and thun-
der similar to the explosion of cruise mis-
siles. Salivary cortisol concentrations in
animals increased significantly 20 minutes
after playback of the recording. The stress
response to thunder sounds doubled sali-
vary cortisol levels from a baseline of ap-
proximately 1.0 ng/mL to around 2.0 ng/mL.
]J. Woijtas et al. (2020), studying service search
dogs during tests simulating conditions after
a natural disaster, found no increase in corti-
sol concentration in saliva. Elevated cortisol
levels were not dependent on the dog’s per-
formance effectiveness or success during the
examination. No stress-related behaviour was
observed during therapeutic sessions either,
indicating that the dogs did not experience
excessive stress during the procedure. Thus,
habituation through training is likely to help
service dogs cope with excessive stress stimuli.
Investigation of changes in blood cortisol
concentrations in service dogs can provide im-
portant insights into the animal’s physiolog-
ical health and behaviour, as well as improve
understanding of how such dogs adapt to their
environment and working tasks. Thus, moni-
toring clinical signs, as well as morphological
and biochemical blood parameters in service
dogs under conditions of increased stress load,
is an essential component of the work of han-
dlers and veterinary practitioners. The assess-
ment of physiological and biochemical mark-
ers, such as cortisol levels and haematological
and biochemical blood indices, enables effec-
tive evaluation of stress status in service dogs,
contributes to understanding their adaptation
to stressors and, when necessary, supports the
maintenance of their functional capacity.

Conclusions

The present study described changes in the
functional state of service dogs under the in-
fluence of excessive stress stimuli and identifies
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markers reflecting the manifestation of stress
responses in these animals. It was established
that exposure to excessive stimuli, in particular
intense mass shelling with ballistic and cruise
missiles, leads to increased anxiety and vocali-
sation in service dogs before and during shell-
ing. Physical activity and training sessions with
a handler minimise stress-induced behavioural
changes, which helps to maintain the working
capacity of service dogs.

Service dogs aged 4-5 years are more
stress-resistant, which is reflected in both be-
havioural reactions and the results of mor-
phological and biochemical blood tests. The
manifestation of a stress response in these
animals is indicated by a 2.0-fold increase in
blood glucose levels (P <0.001), a 1.44-fold in-
crease in the number of neutrophils (P<0.05), a
change in the neutrophil/leukocyte ratio due to
an increase in the number of neutrophils from
1.37 to 2.17 after the first bombardment and to
2.72 after the second. This is a manifestation
of a stress leukogram in animals. At the same
time, the absence of a reliable correlation be-
tween the cortisol content in the blood of these
dogs and the optimal indicators of biochemical
blood tests indicate a high level of adaptability
of their organism, which was also observed af-
ter the second study.

Young service dogs aged 1-1.5 years are
more prone to stress reactions. In particular,
there was a 1.44-fold increase in the number
of neutrophils (P <0.01), a change in the neu-
trophil/leukocyte ratio due to an increase in
the number of neutrophils from 1.37 to 2.73
after the first bombardment, and to 1.73 af-
ter the second; glucose content — 1.78 times
(P < 0.001), alkaline phosphatase activity —
2.17 times (P<0.001), cortisol level - 6.68 times
(P <0.001) under the action of the first stress
factor. The same changes were observed in the
repeated examination of animals in group 2. A
sharp increase in serum cortisol levels in ani-
mals of experimental group 2, aged 1-1.5 years,
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compared to animals of experimental group 1
during the first and second bombardments, in-
dicates a stronger stressful effect of excessive
stimuli on animals of group 2 and, accordingly,
a more powerful physiological response of the
organism to stress factors.

Further research should focus on identify-
ing behavioural changes in service dogs direct-
ly involved in combat zones, the mechanisms
underlying the development of post-traumatic
stress disorders in these animals, and the de-
velopment of methods for their correction. In
the context of intense shelling of Ukrainian
territory, it is promising to study more pro-
found changes in the immune system of ser-
vice dogs under the influence of stress factors,
correlations between hormones, cytokines,
and other poorly studied indicators that would
allow for the timely diagnosis of the develop-
ment of stress conditions in service dogs, con-
tributing to an understanding of their bodies’
adaptation to stress factors. It will also be im-
portant to analyse and scientifically substan-
tiate methods of reducing the impact of stress
factors on service dogs under intense stress,
which will ensure the preservation of the ser-
vice dog’s working capacity.
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Auoranig. Crysk60Bi co6aky € CTPeCOCTiMKIiMMMM, HisK iHIII TBApMHM, OGHAK BOHM TAKOX
iI1aI0THCS BIVIMBY CTPECOBMX UYMHHMKIB, 1110 MOXXe IPU3BECTU 0 3MiH B IXHbOMY OpraHismi Ta
3ATHOCTi BUKOHYBATM TOCTaBJeHi 3aBAaHHS. Y 3B’I3KY 3 [[MM, METOI0 PO6OTHM OY/I0 AOCTIIUTU
BIUIMB HAJMipHUX CTPECOBUX UMHHMKIB Y BUIVISIAI MOTYKHUX GamicTUUHMX OOCTPiNiB TepuTOopii
Ha OpraHisM CIy;k60BMX cob6ak Ha (isiosoriyHoMy Ta ITOBEIiHKOBOMY PiBHSIX i BM3HAUUTU
MapKepy CTPeCOBUX PO3JIaJIiB Y IIMX TBApUH. BisyanbHMMM mTOCTimKeHHSIMY, MOPDOIOTiuHUMH,
6i0XiMiYHMMM, PO3PAaXYHKOBMMM Ta CTaTUCTUUHMMM MeToaMy Oylo BM3HAUEHO OCHOBHI
KpUTePii, sIKi JormoMaraoTh AubepeHIiloBaT Mapkepy CTpecy B CIYK60BUX co6ak. BcTaHOBIIEHO,
o ¢isionoriuni KpuTepii, Taki SIK YacTOTa CEPIEBUX CKOPOUEHbD i AUXAHHS, TOBEIiHKOBI peakilii
3a3HAIOTh 3MiH Lie 0 0O6CTpiNy 3aBAsSKM HAAUYTAMBOMY CIyXy Ta MiIBUILEHOMY BiZUyTTIO
Bibparliii y cayk60BuX co6aK i MIBUAKO TOBEPTAITHCS IO HOPMM BIIPOHOBXK TOOMHM TiCIISI
3aBepileHHsT Aii cTpecopa. IIpu oMy, MOCHIEHA peakilisi Ha [Oil0 CTPeCcOBUX UMHHMKIB He
BIUIMBAE HA 3[ATHICTh CIY’KO0BMX COOAK BUKOHYBATM CBOi po60Yi 3aBIaHHS. BUSBIEHO TaKOXK,
0 CTYk60Bi co6aky BiKOM 4—5 POKiB € CTIKiIMMM IO CTpecy, o MiATBEPAKEHO BifCYyTHICTIO
NOCTOBipHMX 3MiH BMIiCTy KOPTM30Jy B CMPOBATIi KPOBi BIPOAOBXK HocaimkeHHs. Ciyk060Bi
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cobakyu BikoM 1-1,5 pOKy CHOpuilHITIMBIMI A0 Aii CTPECOBUX UYMHHUKIB, IO TMPOSIBUIOCS
I IBUIIEHMM BMiCTOM KOPTU30y B 6,68 paza (P<0,001) 3a f1ii mepuioro cTpecoBOro YnHHMKA Ta B
1,69 pa3za (P<0,001) micist moBTOpHOI Aii. [JOCTiJKeHHSI CTaHy OpPraHi3sMy CIY>K00BMX co6aK 3a i
CTPeCcOBMX UMHHUKIB JO3BOIUTH PO3p0o0uUTH edeKTUBHI MeTOAY AiaTHOCTUKM Ta IPpodiiakTuku
CTPecOBMX CTaHiB y TBapMH i 36epexkeHHs iX Mpale3naTHOCTi. Pe3yabTaT BOCTiIKeHHS OYAYyTh
KOPUCHUMM [IJIS1 JTiKapiB BeTepMHAPHOI MeAUIIMHMY TIif] 4ac pO3pO6KM AiarTHOCTUIHUX KpUTEPiiB
Ta METOiB KOHTPOJIIO i KOPeKIlii 3MiH B OpraHi3ami TBapMH, BUKIMKAHUX CTPECOBVIMU SIBUIIAMU

KnrouoBi c/oBa: rocTpuii CTpec; XPOHIUHMIA CTpec; [iarHOCTMKA; IIOBETiHKOBi 3MiHM;
reMaToJIOTiuHi TOKa3HUKN; KOPTU3O0JT
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