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An increase in the cortisol and adrenocorticotropic hormone
(ACTH) concentration in blood is observed in various diseases,
and especially under stress conditions, which explains why they
are referred to as stress hormones. The paper presents the results
of measuring the cortisol level in the blood of laboratory animals
(rats), of the ACTH level in the blood of bulls, and the cortisol
and ACTH level in the blood of the boars under the pre-slaugh-
ter stress of these animals. Depending on the priority of animal
removal from the cage, the cortisol level increased by nearly 1.5
times (P < 0.01) in rats and by nearly five times (P < 0.05) in ani-
mals that were removed from each cage last. The ACTH concent-
ration in the blood plasma of bulls before setting a study (pre-
paratory period) was 1.3 times lower (P < 0.01) compared with its
content in the blood plasma of the bulls immediately before their
transportation to a slaughterhouse. The changes in the cortisol
and ACTH content in the blood plasma of the boars were similar.
The results of our studies could be of interest in correcting hor-
monal adaptation to negative consequences of stress effect during
the pre-slaughter period in animals used for industrial produc-
tion of meat.
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INTRODUCTION

Stress is a multifactorial phenomenon that af-
tects the functioning of the organism. The hu-
man immune system is the most sensitive to
the action of stress (Segerstrom, Miller, 2004),
which leads to a sharp decrease in the body’s
resistance to infections and cancer. Stress in
livestock and pigs, in particular, leads to eco-
nomic losses and animal products quality im-
pairment (Dokmanovi¢ et al., 2014; Kim et al,,
2014; Rocha et al., 2013). The duration of
the process of transportation and unloading of
animals, which is accompanied by skin damage
in animals, affects the biochemical parameters
and the qualitative characteristics of their meat
(Ferguson, Warner, 2008; Wesoly et al., 2015).

The literature on the impact of stressful
situations on animal behaviour is somewhat
contradictory but most of the authors (Slo-
combe, Zuberbuhler, 2005; Pica, Mitani, 2005;
Zhukov, 2014) tend to believe that, basically,
the reaction of struggle (aggression) or escape
(an active reaction), and the stupor reaction,
concealment (passive reaction) are behaviour
strategies. After a thorough study conducted
on cats, Cannon (1927) described the active
form of the response to acute stress in critical
situations as an escape or fight (Cannon, 1927).
He believes that in the preparation and imple-
mentation of these behaviour forms, the func-
tion of the sympathetic nervous system and
the medulla of the adrenal glands are of pri-
mary importance. There is another type of
behavioural reactions observed in threatened
animals that is called “tailing oft”. Gray (1971)
describes the stupor as a “silent tense immo-
bility”. There are different views on whether to
consider fading an active or passive type reac-
tion (Panchenko, 2003). Certain types of reac-
tion (active or passive) dominate among differ-
ent species of animals.

However, none of these forms of reaction to
stress surpasses the animal’s condition before
slaughter when the animal feels danger and is
in a hopeless situation. In our opinion, such
a condition of an animal leads to metabolic
changes in the whole organism.

A change in hormone concentration may be
associated with the processes of their formation,
activation, or inhibition of certain substances
and, most likely, the influence of various stress
reactions. Hormones affect the synthesis of
messenger RNA, which in turn leads to the bio-
synthesis of enzyme proteins. We performed
a model experiment on rats (Grabovskyi, 2014)
to determine the parameters of cellular immu-
nity and concentration of the stress hormone
(cortisol) as some authors described in their
studies (Gibson, Norman, 1993). The difference
was that we took only the pre-slaughter stress
into account.

As some authors point out, manipulations
with laboratory animals are accompanied by
stress and lead to significant changes in physi-
ological parameters, such as the heart rate,
the blood pressure, and behavioural responses.
Changes in concentration of corticosterone,
glucose, the growth hormone or prolactin in
the blood of these animals were observed. How-
ever, these changes were short-lived — 30 min-
utes or slightly longer (Balcombe et al., 2004).

The information on the influence of the pre-
slaughter stress on animals’ metabolic processes
and animal body as a whole is not highlighted
in the literature. Therefore, our goal was to de-
termine the level of some stress hormones in
different animals.

MATERIALS AND METHODS

Three experiments were performed.

The first experiment was conducted on
white mature female Wistar rats, of 180-220 g
body weight, which were kept under stand-
ard vivarium conditions with the observance
of 12-hour regime of dark/light illumination
at a temperature of 20-22°C and unlimited
access to drinking water and feed. Rats were
fed baled fodder standard for laboratory ani-
mals. For the experiment, 25 rats were used,
five in each group. Rats of all groups were fed
the standard diet. Feed material was controlled
daily. The rats’ blood was taken in the morn-
ing after decapitation under ether anaesthesia.
The changes in the rats’ blood plasma related
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to the cortisol concentration were determined
depending on the alternating sequence of tak-
ing the animals from the cage (starting from
the first to the fifth animal).

Each group (1-5) of five rats, taken one at
a time from each of the five cages, was slaugh-
tered in the next room so that the remaining
animals could not see the slaughter procedure.

The second experiment was conducted on
bulls (aged 12 months) of the Ukrainian black
and white dairy breed. The animals were kept
on a standard diet at the experimental farm
in Komarno village (Gorodok district of Lviv
region). Control over feed material was per-
formed daily. The bulls ate complete fodder.
Slaughter of the animals was carried out at
lunch time. The experiment lasted for five days.
The blood of the bulls was collected from the
jugular vein before transportation and further
slaughter of the animals.

The third experiment involved boars (aged six
months) of the Duroc breed. The animals were
kept on dry feed of “Lemberg-Agro” company in
Lischyny village (Zydachiv district, Lviv region).
The boars received only dry fodder. The animals
were slaughtered at 13 oclock. The hormone
content in the blood plasma of the boars was
compared before and after transportation — just
before the slaughter of the animals.

The blood plasma was prepared by centrifu-
gation (1000-2000 rpm) from the whole blood
stabilized by heparin. The cortisol and adreno-
corticotropin (ACTH) concentration was de-
termined in the blood plasma by the standard
method.

The principle of the method is a solid en-
zyme-binding immunosorbent set which was
created on the basis of competition. The micro-
titer wells were coated with monoclonal anti-
body against the molecules of antigen. A sam-
ple of blood plasma with the endogenous
cortisol was incubated in the well with enzyme
conjugate. The unbound conjugate was washed
off after the incubation period. The amount of
bound peroxidase was inversely proportional
to the concentration of cortisol in the sample.
After adding the substrate, the formed colour
intensity was inversely proportional to the con-

centration of cortisol in the sample (Vlizlo et al.,
2012). The ACTH concentration were deter-
mined by the Set for Immuno-enzyme analysis
(IEA) EIA-3647, ACTH (Adrenocorticotropic
Hormone) DRG (USA). The disadvantage of
the ACTH determination method is its rela-
tively low specificity at some states; therefore, it
must necessarily be supplemented by determi-
nation of the cortisol level.

During the experiment, all bioethical stand-
ards under the European Convention “On pro-
tection of vertebrate animals used for experi-
mental and scientific purposes” (Strasbourg,
1986) and “General ethical principles of animal
experimentation’, approved by the First National
Congress on Bioethics (Kyiv, 2001) and the prin-
ciples of humanity set out in the directive of
the European Community (Official Journal
of the European Union, 2010) were observed.
The results research were statistically processed
with the software package Statistica 6.0 and Mi-
crosoft Excel for Windows XP. Probability of dif-
ferences was assessed by Student t-test. Results
were statistically significant at P < 0.05.

RESULTS

The results presented in Fig. 1 show the corti-
sol concentration in the blood plasma of rats.
The data are illustrated better when viewing cor-
tisol changes in each animal in particular. Thus,
the cortisol concentration depended on the or-
der of taking the animal out of the cage. The level
of cortisol in first group of animals ranged from
34.9 ng/ml (the animal that was taken from
the cage the first) to 178.9 ng/ml (the animal that
was taken from the cage the last).

As can be seen from Fig. 1, cortisol concen-
trations increased markedly significantly, by 3.6
and 5.2 times, in animals that were taken from
the cage the fourth and the fifth, respectively.
These data may indicate that the animals felt
stressful, especially before slaughter.

The results on the adrenocorticotropic hor-
mone concentration in the bulls’ plasma are
presented in Fig. 2. It should be noted that
the concentration of adrenocorticotropin be-
fore the experiment (preparatory period) was
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significantly lower than the levels of this hor-
mone before transportation and slaughter of
the animals. Thus, the level of adrenocortico-
tropin before transportation was higher by 34%
(P <0.01), while in the pre-slaughter period in-
creased more than twice (P < 0.01). Since blood
samples were taken at the same time, we can as-
sume that the bulls underwent a greater stress
before transportation and slaughter compared
with the animals in preparatory period.
Describing the hormone concentration in
the bulls’ plasma in the period before slaugh-
tering, the level of cortisol was significantly
higher, by 2.7 times (P < 0.05) compared to that

of the animals in the pre-transportation period
(Fig. 3). The cortisol concentration in the bulls’
blood plasma was almost at the same level in
the preparatory period and before transporta-
tion of the animals.

We determined that the cortisol and adreno-
corticotropic hormone level in the boars’ blood
plasma increased after transportation — before
the slaughtering period in comparison with their
level at the pre-transportation period (Fig. 4).

Our results showed that the period before
and after transportation had a significant ef-
fect on the concentration of hormones in boars
(Fig. 3). It was observed that the cortisol level in
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the boars’ blood increased three times (P < 0.05)
after transportation. Similar changes were
found for the adrenocorticotropic hormone.
Thus, the adrenocorticotropin concentration
was 3.5 times higher (P < 0.05) in the boars be-
fore slaughter.

The obtained data indicate that after trans-
portation and before slaughter the animals are
under stress: adrenocorticotropic hormone and
cortisol concentrations are quite high at lunch-
time.

DISCUSSION

It is known that acute stress is observed in ani-
mals during transportation and before slaugh-
ter procedures, but this does not mean that
these operations can not be improved. The use

of reliable indicators to assess the physiologi-
cal and psychological state of animals makes
it possible to better understand the stress
caused by the pre-slaughter state (Costa, 2009).
Knowledge of the physiological, behavioural,
and ecological needs of animals makes it pos-
sible to develop preventive measures for reduc-
ing stress in animals.

An increased blood serum cortisol level is
an indicator of the stress response in animals
resulting from the stimulation of the sympa-
thetic and parasympathetic nervous system
and the hypothalamic-pituitary-adrenal axis.
The above stimulates the adrenergic system
to produce catecholamines and enhances se-
cretion of steroid hormones, mainly cortisol,
from the adrenal cortex (Agnes et al., 1990;
Zavy et al., 1992; Smiecinska et al., 2011).



Pre-slaughter stress affects cortisol and adrenocorticotropic hormone levels in the blood of animals 179

The obtained data show that animals dis-
play signs of stress during transportation and
before slaughter. It was found that the cortisol
level changed significantly in the rats’ blood
plasma depending on the sequence of ani-
mal removal from the cage (from the first to
the fifth animal). The cortisol was significantly
higher in the rats that were removed from cag-
es the last.

In our previous studies (Grabovskyi, 2014),
we used analysis of variance for the compari-
son of cortisol concentration in the rats’ blood
from animals of the control and experimen-
tal groups for the evaluation of the impact of
stress effects on the level of this hormone and
the density correlation. During slaughtering,
rats were picked up from the cage in the or-
der from the first to last one. The mean value,
variance, standard deviation, quadratic coeffi-
cient of variation and the average of intradis-
persion intergroup variance of cortisol level in
the blood of animals, and the correlation ratio
were calculated for each of the experimental
groups, the control group, and, in general, for
all experimental animals (Gerasimenko et al.,
2000). Our data showed that taking into ac-
count the quadratic coefficient of varia-
tion, which become smaller from the first
group to control, the following conclusions
about certain regularity can be made: from
the first animal in the cage to the last one, it
traces not only the growth of the concentra-
tion index, but the homogeneity of variance
increases with each group. This implies that
the animal feels stressful, especially before
slaughter.

It is well known that glucocorticoids affect
practically all systems of an organism. Biologi-
cally active glucocorticoid is cortisol, which ac-
counts for 80%, other corticoids — 20% in order
to reduce their activity, corticosterone, 11-de-
oxycortisol and 11-deoxycorticosterone. Cor-
tisol is the main corticosteroid, which controls
the secretion of corticoliberin and the adren-
ocorticotropic hormone. The level of cortisol
has distinct diurnal variations: the highest lev-
el was observed in the morning. There is a con-
siderable amount of data about the changes in

the concentrations of cortisol during the day
(Price et al., 1983; Mormont, Waterhouse,
2002; Rich et al., 2005; Haus, 2007).

It was established that the type of the
stressor can determine quantitative differ-
ences in the reaction of the central nervous
system and the centres of the hypothalamic-
pituitary-adrenal axis. Thus, compared with
Wistar line rats, the primary immune response
to the introduction of sheep red blood cells af-
ter stress exposure was significantly higher in
August line rats with higher basal and post-
stress levels of corticosterone in the blood. This
means that in the rats (August line), immune
system resistance to stress damage was higher
(Frolov et al., 1985).

Our results show that the level of adreno-
corticotropin in the bulls’ blood before and
after transportation was probably higher
compared to the preparatory period. Nan-
ni L. Costa (2009) described in detail the bio-
chemical changes in the organism of farm
animals during transportation and before
slaughter (Costa, 2009). He also noted the loss
of live weight and carcass yield of animals in
these conditions.

The cortisol and ACTH level in boars also
increased before slaughter. Similar results
were observed in the study of Smieciniska et al.
(2011). The author believes that a significant
increase in creatine kinase activity (more than
five-fold) and cortisol levels in blood samples
collected after transportation (during carcass
bleeding) in comparison with blood samples
obtained before transportation suggests that
pre-slaughter handling operations induced an
intensive stress response in the investigated an-
imals (Smiecinska et al., 2011).

Interesting results were presented by Gis-
pert et al. (2000), who showed that animals
slaughtered immediately after transporta-
tion are characterised by higher serum corti-
sol levels in blood samples than pigs slaugh-
tered after a 24-hour rest period. These data
suggest that rest before slaughter restores
the body’s physiological balance and alleviates
the stress induced by pre-slaughter handling
(Gispert et al., 2000).
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On the other hand, pigs are characterized
by various resistances to stress and ease of ad-
aptation. Linkovskyy points to genetic factors
in response to stress impact (Linkowski et al.,
1993).

Hormonal changes in rabbits were observed
in a different stress type that was indicated on
a negative influence of the stress factor on their
body. In particular, during the transportation
of animals, an excess amount of catecholamine
was released into the blood that led to a devia-
tion of the microcirculation, general metabo-
lism, activity of hemopoietic organs, and im-
munogenesis with the migration of lymphoid
cells (Ibragimova, Ismagilova, 2013).

Analysis of the biochemical parameters of
the blood of rabbits showed a negative impact
of stress before slaughter on the adaptive mech-
anisms of their bodies. However, the rabbits
treated with the extract of spleen as the anti-
stressor and immunomodulator, show lower
cortisol levels compared to the control group
animals (Grabovskyi, Grabovska, 2015).

A decrease in the cortisol concentration in
the blood plasma of broiler chicken of experi-
mental groups under stress coincides with some
research (Malisch et al., 2010). Some authors
(Azarova et al., 2013) have noted no changes,
while others indicate that those changes re-
quire several hours or a few days for stress-fac-
tor action (Marti et al., 1997; Tinnikov, 1999,
Lynn et al.,, 2003). It is likely that acute stress
reaction-response may relate to physiological
or environmental conditions and in particular
before slaughtering stress.

A decrease in the concentration of free cor-
tisol in the blood plasma of chickens of the ex-
perimental group was determined, possibly
associated with an increase in the content of
the globulin fraction. These changes can be
explained by the feeding of spleen extract
obtained using ultrasound. Similar results
were obtained in studies on rats during stress
(forced swimming). The authors reported an
extremely dynamic role globulin, which regu-
lates the concentration of glucocorticoids un-
der acute stress conditions (Qian et al., 2011;
Minni et al., 2012).

We propose expanding the generally ac-
cepted views on the reaction to stress (strug-
gle, flight, or fading) with yet another reac-
tion - stress before slaughter, when the animal
feels it has no chances of life and which, in our
opinion, leads to metabolic changes at the lev-
el of the whole body (Stahl, 2008; Kuzmen-
ko et al., 2010).

CONCLUSIONS

It can be concluded that stress related to trans-
portation and pre-slaughter procedures in ani-
mals has the strongest effects on the levels of
cortisol and adrenocortocotropin. In our study,
the concentrations of these stress hormones in-
creased immediately before the transportation
of the animals to the slaughterhouse.

In the rats, cortisol concentration depended
on the sequence of the removal of the animal
from cages. Cortisol was significantly higher in
rats, which were removed from cages the last.

The results which were obtained in model
experiment on laboratory animals can be used
in researches on cell immunity indices and
stress hormones, such as cortisol, of farm ani-
mals for increasing their organism resistance
and correction of their pre-slaughter stress.
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PRIESSKERDIMINIO STRESO JTAKA KOR-
TIZOLIO IR ADRENOKORTIKOTROPINIO
HORMONO KIEKIUI GYVULIU KRAUJYJE

Santrauka
Kortizolio ir adrenokortikotropinio hormono
(AKTH), dar vadinamy streso hormonais, didesné
koncentracija kraujyje yra budinga sergant jvairiomis
ligomis, taip pat esant streso bisenai. Straipsnyje
pateikiami prie$skerdiminj stresg patirianciy la-
boratoriniy gyvany (Ziurkiy) kortizolio, jauciy
AKTH, $erny kortizolio ir AKTH lygio kraujyje re-
zultatai. Kortizolio lygis Ziurkiy kraujyje priklausé
nuo gyvino paémimo i$ narvo laiko: pirmyjy paimty
gyviny jis padidéjo beveik 1,5 karto (p < 0,01) ir be-
veik 5 kartus (p < 0,05) paskutiniyjy. AKTH koncen-
tracija jau¢iy kraujo plazmoje iki tyrimo (parengia-
masis laikotarpis) buvo 1,3 karto mazesné (p < 0,01),
palyginti su jo kiekiu pries pat gabenimg i skerdykla.
Kortizolio ir AKTH kiekio poky¢iai $erny kraujo
plazmoje buvo panasts. Misy tyrimo rezultatai
turéty paskatinti taikyti harmoninge adaptacija
mésos pramonéje naudojamiems gyvuliams, kad
buty sumazintos neigiamos prie$skerdiminio streso
pasekmes.

RaktaZodziai: priesskerdiminis stresas, streso

hormonai, Ziurkés, verseliai, par$ai



