
Introduction
The particular role of stress factors in pathology of bovine

diseases has been observed. In many cases these factors have
been estimated as main predisposing factors to infectious
diseases [6]. Exposure to stress conditions (e.g. weaning,
transport, remixing of animals, high temperature) has been
associated with activation of the hypothalamic-pituitary-
adrenal axis. The result of these processes is the stimulation
of the steroid hormones secretion by adrenal cortex. The
increased release of adrenocorticotropic hormone (ACTH),
which leads to the elevation of glucocorticoid concentrations
is thought to be the primary agent mediating negative effects
of stress on the biochemical processes [28]. Therefore, glu-
cocorticoids (especially cortisol) concentrations in blood and
its metabolites in feaces (11.17 DOA - 11.17 -
Dioxoandrostanes) are widely used as a measure of stress in
cattle [4, 17, 18, 19].

The stress reaction can influence various metabolic pro-
cesses. The effects of these changes include among others
the increase of the body temperature, heart and respiration
rate and also the decrease of body weight. It is possible to

notice the increase of total serum protein content, the
decrease of the concentration of unsaturated fatty acid, urea,
nitrogen and many others substances [2, 11, 12, 26].

These metabolic processes accompany oxidative stress
which appears as the consequence of the excess in reactive
oxygen species (ROS) production. The significant changes
were observed in homeostatic mechanisms between produc-
tion and neutralization of the following reactive oxygen spe-
cies : Superoxide-O2

-•, Peroxyl - R-O2
•, Alkoxyl - R-O

Hydroperoxyl - HO2, Hydroxyl - •OH, Hydroperoxide - R-
OO, radicals and reactive nitrogen (Nitric oxide - NO•,
Nitrogen dioxide - NO2

•) radicals [2, 7, 16]. The best descri-
bed consequence of the generation of ROS is lipid peroxida-
tion, which involves 3 steps : initiation, propagation and ter-
mination. In many pathologic cases the connection between
the increase in ROS concentration, lipid peroxidation pro-
cesses and/or decreased concentration of exo- and endoge-
nous antioxidants has been observed. It is well known that
the intensity of lipid peroxidation may be evaluated by the
determination of its intermediates (conjugated dienes, lipid
hydrocarbons) - substances which react with thiobarbituric
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RÉSUMÉ

Au cours de cette etude, la cortisolémie et le mécanisme de peroxydation
lipidique ont été évalués sur des veaux soumis au stress d’un transport
de courte durée. Par A. Wernicki, R. Urban-Chmiel, M. Kankofer, P.
Mikucki, A. Puchalski et S. TokarzewskI.

L’expérience a porté sur 9 veaux cliniquement en bonne santé, transpor-
tés dans un camion pendant 2 heures. Les prélévements sanguins ont été
realisés la veille et le 1er, 3ème, 9ème, 16ème et 22ème jours après le transport.
La concentration plasmatique de cortisol a éte mesurés par EIA (Enzyme
Immuno Assay) et les concentrations de TBARS (Substances Réagissantes
avec l’Acide ThioBarbiturique) par une méthode colorimétrique. 

Le profil de la cortisoléme du 1er au 22ème jour après le transport a mon-
tré une évolution caractéristique avec des valeurs maximales obtanues le 1er
at le 3ème jour. Les concentrations en TBARS ont également augmentées
entre le 1er et le 6ème jour apres transport par rapport aux concentrations
initiales (avant transport) (P<0.01) reflétant l’existence d’un processus de
peroxydation lipidique.

Ces résultats montrent que le transport en lui-même correspond a des
conditions stressantes pour les veaux se traduisant par une perturbation de
l’homéostasie.

Mots-clés : Transport - Stress - Cortisolémie -
Péroxydation lipidique (TBARS) - Vean.
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SUMMARY

In the present study calves were subjected to stressful conditions that
occure during short - term transportation. In order to describe the influence
of transport stress to lipid peroxidation intensity as well as stress parameters
plasma cortisol concentration and the indicator of lipid peroxidation pro-
cesses were estimated.

The experiment was carried out on 9 clinically healthy calves, which
were transported on a truck for a duration of 2 hours. The blood samples
were taken the day before the transportation and on the 1st, 3rd, 6th, 9th, 16th

and 22nd day after transport. In the obtained plasma, the concentration of
cortisol by use of enzyme immunoassay (EIA) was measured. The concen-
tration of thiobarbituric acid-reactive substances (TBARS) was determined
using colorimetric method.

The analysis of cortisol concentration in the samples collected from
calves from the 1st to the 22nd day after transportation showed typical dyna-
mics with massive increase followed by gradual decrease. The highest
values were observed on the 1st and 3rd day after transportation. The analy-
sis of lipid peroxidation processes with respect to TBARS content, showed
significant increase on 1st, 3rd day (P=0.01) and significant decrease on 6th

day after transportation when compared to results in plasma obtained befo-
re transportation.

These results suggest that short term transportation can induce stressful
conditions for cattle leading to lipid peroxidation and oxidative stress which
can be evidenced by the variations of plasma cortisol.

Keywords : transport - stress - cattle - plasma cortisol -
lipid peroxidation (TBARS).
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acid [3, 27]. The intensity of lipid peroxidation can be eva-
luated with respect to the increase of thiobarbituric acid-
reactive substances (TBARS) in plasma [2, 14]. 

However very little information is available about the rela-
tionship between cortisol concentrations and the lipid per-
oxidation process in cattle subjected to the stress conditions
induced by short-term transportation. Some authors sugges-
ted that cortisol increasing during transportation may
directly influence the increase of free fatty acids, urea, β-
hydroxybutyrate and total plasma abumin [6, 26].

The present study was undertaken to test the causal link
between transportation stress - and production of ROS lea-
ding to lipid peroxidation. 

The purpose of this study was to determine plasma cortisol
and TBARS concentrations as main indicators of the stress
reactions occuring directly after short- term transportation in
calves. These determinations would help in establishing the
relationship between both parameters and in elucidation of
transportation stress mechanisms. 

Materials and methods
The experiment was carried out on 9 clinically healthy hei-

fer calves of 4 months of age. They weighted about 100 kg
and derived from different breeding environments. Animals
were transported at the same time, by truck for about 2 hours
(a distance of 130-140 km). The experiment was performed
in April and the ambient temperature was 12°C. After the
transportation the animals were kept for feeding in the tradi-
tional cattle-house. The blood samples were collected on
heparine as anticoagulant, in the morning (at about 9.00
a.m.) by jugular venipuncture the day before and on the 1st,
3rd, 6th, 9th, 16th and 22nd days after the transportation.
Plasma was stored at - 20°C until assayed. 

Cortisol concentrations after extraction with diethylether
were determined by use of enzyme - immunoassay (EIA).
Chemicals were kindly obtained from E. Möstl, University
of Veterinary Medicine, Vienna, [18]. The procedure was
carried out according to Palme and Möstl [18]. 

The plasma concentrations of lipid peroxidation products
were evaluated by the determination of the TBARS concen-
trations based on the method proposed by Ledwozyw [13].

In brief, 2.5 ml of 20% trichloroacetic acid in 0.6 mol/dm3

HCl was added to 0.5 ml of plasma and allowed to stand for
10 min. Then 1.5 ml of 0.67% TBA in 1 mol/dm3 NaOH was
added and the mixture was heated for 20 min in a boiling
water bath. After cooling to room temperature, 4 ml of n-
butanol was added, the mixture was shaken for 3 min and
centrifuged for 10 min at 1500xg. The absorbance of the
butanol layer was measured at 532 nm (Ultrospec 2000,
Pharmacia, Sweden). The results were calculated using a
standard curve prepared with different dilutions of malon-
dialdehyde and expressed in µmol/g protein.

Total protein concentration in examined samples was mea-
sured according to the manufacturer directions  using  biure-
tic reagent (Cormay Total Protein 60, Romania) and photo-
meter LP 400 with filter OD= 595 nm (Dr Bruno Lange
GmbH, D).

The influence of additional stress connected with new
environment, although the same for all animals, was not
taken into consideration in present study. This topic, howe-
ver, will be analysed in coming experiment.

The obtained results of cortisol and TBARS concentration
were statistically analysed by use of ANOVA test (P= 0.01)
(Statistica 6.0). The correlation coefficient between cortisol
and TBARS concentrations in examined samples was analy-
sed statistically (Pearson’s linear correlation coefficient)
with use of Statistica 6.0. P value  < 0.05 was considered as
significant.

Results
Plasma cortisol concentration measured at 1st to 9th day

after the transportation in samples obtained from calves
exposed to short-term transportation stress was significantly
higher (P≤ 0.01) as compared to values obtained before
transportation (day 0). (Table I)

The highest mean cortisol concentrations were observed
directly after the transportation (153.02 nmol/l). Cortisol
concentrations remained markedly elevated during the first 3
days after transportation. The values were about 3 times
higher than the cortisol concentration in samples obtained
from calves before the transportation (50.19 nmol/l). At a
later period, from 6th day to 22nd day after the transportation
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Day of samples collecting Cortisol concentration TBARS
(nmoI/I) (mmol/ g protein)

Before transportation 50.19 ± 8.3 0.125 ± 0.013

Day 1 after transportation 153.03* ± 25.2 0.178* ± 0.0001

3 145.99* ± 16.1 0.208* ± 0.003

6 111.73* ± 17.9 0.193* ± 0.002

9 91.96* ± 17.9 0.129 ± 0.012

16 54.87 ± 17.4 0.131 ± 0.013

22 42.8 ± 12.0 0.129 ± 0.012

*) Significant difference in comparison to Day before transportation, P≤ 0.001.

TABLE I. — The mean values of plasma cortisol and TBARS concentrations in samples obtained from calves before and after transportation.
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the cortisol concentrations measured in transported animals
showed a significant decrease (P≤ 0.01) as compared to
values obtained at 1st and 3rd day. The result on the 16th day
(54.87 nmol/l) was similar (with no significant differences)
to the initial concentration. (Figure 1). 

Analysis of the TBARS content - an index of lipid peroxi-
dation intensity - showed statistically significant increase
(P≤0.01) on the 1st and 3rd day as well as significant decrease
on 6th day after the transportation in comparison to initial
values (before transportation). The highest values were
observed on the 1st (0.178 µmol/g protein), 3rd (0.208
µmol/g protein) and 6th (0.193 µmol/g protein) days after the
transportation. (Figure 1).

The analysis of the overall correlation between plasma
cortisol variations and TBARS detected a significant and
positive correlation (r=0.70) at P<0.05 (Figure 2). The speci-
fic correlation coefficient between cortisol and TBARS
concentration for a particular day of experiment did not
show significant correlation, except from day 16th (r= -0,72)

(Figure 7). It was possible to notice the negative correlation
at every examined day as follows : 1st day - r= - 0.27, 3rd day
- r= - 0.50, 6th day - r= - 0.57, 9th day - r= - 0.43 and 22nd day
- r= -0.47 (Figure 3 - 6, 8).

Discussion
The analysis of plasma cortisol concentrations obtained

from calves from the 1st through 22nd days after transporta-
tion showed dynamic changes. Many authors [23 - 25, 28]
have stated that transportation increased plasma and serum
cortisol concentrations in cattle. The highest values obtained
at the 1st to 3rd day after the transportation, suggest a signifi-
cant influence of stress connected with transportation on the
homeostatic mechanisms of the living organisms. The
plasma cortisol concentrations at the 9th days after transpor-
tation, suggest a long adaptation period of the animals to the
new environment and possible two stressful and combined
events. However, this problem will be analyzed in the near

FIGURE 1. — The mean values of plasma cortisol and TBARS concentra-
tions in samples obtained from calves before and after transportation.

FIGURE 2. — Correlation coefficient between cortisol and TBARS concen-
tration.

FIGURE 3. — Correlation coefficient between cortisol and TBARS concen-
tration 1st day after transportation.

FIGURE 4. — Correlation coefficient between cortisol and TBARS concen-
tration 3rd after transportation.
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future experiment. The experiments carried out by [5] sho-
wed similar results ; a rapid growth from 20-40 nmol/l to
130-260 nmol/l in cortisol concentrations in cattle after dif-
ferent types of stress (weaning, transportation). 

Many publications showed a correlation between stress
reaction and increase of lipid peroxidation intensity in tissue
such brain. The increase of TBARS concentration in serum
is an indicator of this process [15, 21]. The positive and
significant correlation obtained in the present study may
confirm that transport induces stressful conditions eviden-
cing by plasma cortisol and TBARS concentrations. 

Some authors suggesting that cross talk between neuroen-
docrine control of stress response and cellular antioxidant
systems may be essential for the adaptation processes. The
cascade of biochemical events leading to systemic stress res-
ponse starts from the activation of neuroendocrine pathways
such as: sympathetic nervous system, hypothalamic pituitary
axis as well as renin-angiotensin system and is followed by
the release of the corresponding stress hormones (i.e. cate-
cholamines, corticosteroids, growth hormone, glucagone

and renin).These processes together with cytokines, which
are induced by stress, initiate acute phase response as well as
induce acute phase proteins which are essential mediators of
inflammation. Stress-induced increase of lipids may be one
of indispensable factors for macrophage activation [8, 15].

Cattle stress is a main predisposing factor for respiratory
diseases especially causing shipping fever syndrome, which
also has influence on economic losses in the beef production.
It is common knowledge that this respiratory syndrome is
caused by many infectious agents ; viruses (e.g. BRSV, PI-
3), and bacteria (especially Mannheimia haemolytica). In
some articles, authors suggest that viruses can also affect the
host cell pro/antioxidant balance by increasing cellular pro-
oxidants. Some of the viruses were shown to activate mono-
cytes and polymorphonuclear leukocytes to generate free
radicals [20, 22]. The results obtained in our experiment are
mostly similar with results of other authors who evaluated
the influence of different stress factors like psychological
stress, hypoxia on TBARS concentrations. The occurence of
increasing TBARS concentration in examined plasma sho-
wed the significant role of transporting stress reaction on

FIGURE 5. — Correlation coefficient between cortisol and TBARS concen-
tration 6th day after transportation.

FIGURE 6. — Correlation coefficient between cortisol and TBARS concen-
tration 9th day after transportation.

FIGURE 7. — Correlation coefficient between cortisol and TBARS concen-
tration 16th day after transportation.

FIGURE 8. — Correlation coefficient between cortisol and TBARS concen-
tration 22nd after transportation.



lipid peroxidation processes. [15, 29]. These observations
suggest that transport stress induce lipid peroxidation pro-
cesses in animal tissues. Probably the physical effort during
transport, which is connected with standing on the platform,
keeping the balance and lack of room for changing of posi-
tion can have great influence on the metabolic processes
observed in muscles. Indeed the presence of these processes
was observed during physical efforts and exercise in human
and animals [1, 9, 10, 25]. In horses, after the transportation
and training exercises a significant increase of lipid peroxi-
dation was observed [8]. Probably the same or similar pro-
cesses occur in transporting calves. Muscle immobilization
can induce directly the release of catecholamines in CNS and
also can initiate a local inflammatory response which lead to
cytokine production. Catecholamines and cytokines (IL1,
IL6 and TNF) contribute to activation of hypothalamic -
pituitary axis and to glucocorticoids synthesis. Moreover
during weaning and mixing of calves [23, 24, 28] animals
react by activation neuroendocrine pathways and develop
stressful reactions. These physical and psychological factors
have an influence on the increase of catabolic reactions,
which may cause an increase of ROS production. 

A significant increase of cortisol concentrations and of
lipid peroxidation may suggest a significant influence of
transport stress on homeostatic mechanisms in calves. The
estimation of direct relationship between pathology and lipid
peroxidation caused after stress needs further examinations
like respiratory diseases frequently observed in calves.

In conclusion, we suggest that measurement of plasma
cortisol and TBARS concentration can be used to provide a
better understanding of stress reaction in transported cattle.
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