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Introduction 

Dalin, A.-M., U. Magnusson, J. Hiiggendal and L. Nyberg: The effect of transport stress 
on plasma levels of catecholamines, cortisol, corticosteroid-binding globulin, blood cell 
count and lymphocyte proliferation in pigs. Acta vet. scand.1993, 34, 59-68. - The effect 
of transport stress on the plasma levels of catecholamines, cortisol, and corticosteroid
binding globulin were studied in 6 gilts. To assess the effect on immune status, white blood 
cells were also counted and the cell-mediated immunity was estimated. The adrenaline 
level increased significantly during transport, from a basal mean level of 0.03 ng/ml to a 
plateau level of0.11to0.12 ng/ml. The noradrenaline level fluctuated, but not constant
ly, during transport. The mean plasma cortisol level before loading was approximately 
40 nmol/l and rose immediately after the start of transport to 70 nmol/l (p< 0.05) and to 
87 nmol/l (p< 0.01) within 10 and 30 min, respectively. After unloading the cortisol lev
el rapidly decreased and a minimum level was seen 4 h after the transport, whereafter 
the diurnal rhythm was resumed. The plasma corticosteroid-binding globulin level 
increased nonsignificantly during the day of transport, from 25 nmol/l to a level 9f 34 nmol/l, 
and it continued to increase until a plateau level was reached on the second day after trans
portation. The total white blood cell number increased significantly (from 13.7 to 15.5 
x 109 cells/l), the number of lymphocytes decreased significantly (from 8.4 to 7.0 x 109 cells/l), 
and the number of polymorphonuclear neutrophils increased significantly (from 4.3 to 
7.2 x 109 cells/I) during transport. No significant variation in the proliferation response 
was seen in the whole blood cell cultures. The main results were the significant signs of 
simultaneous activity of both the adrenal cortex and the adrenal medulla during trans
port. 

gilts; transportation; WBC; lymphocyte-proliferation test. 

It is well known that transportation of pigs 
exposes the animals to stress. Transportation stress 
may be more or less severe, depending on a num
ber of different factors, such as crowding, tem
perature, and duration. The active response to 
stress is considered to be mainly associated 

with activation of the adrenal medulla and the 
sympathetic nervous system (catecholamines 
(CA)), whereas passive response is thought to 
be related to stimulation of the pituitary-adre
no-cortical system (see e.g. Henry & Stephens 
1977). Even if transportation stress is most 
often considered negative for the animals, it can 
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have a positive effect on reproduction, such as 
inducing estrus in prepubertal gilts (Paredis 
1961, Du Mesnil du Buisson & Signoret 1962, 
Dalin et al. 1988) and in anestrous sows 
(Rojanasthien 1989). 
Elevated blood levels of cortisol have been 
demonstrated after transport in pigs (Spencer 
et al. 1984, Dalin et al. 1988, Nyberg et al. 1988). 
In the latter 2 studies, the binding capacity of the 
corticosteroid-binding globulin (CBG) were 
also measured. The cortisol analyses normally 
used measure both bound and free cortisol. 
More than 90% of the cortisol is bound to 
CBG, but it is the small unbound fraction that 
is considered to be the biologically active por
tion of the hormone. For review see Siiteri et al. 
1982. 
It has been suggested (Spencer et al. 1984) that 
cortisol is a better indicator of transportation stress 
than are other markers. High levels of CA in 
blood were found in pigs during intense experi
mental restraint stress, which is known to initiate 
the fight or flight reaction (Johansson et al. 
1982). However, simultaneous measurements of 
the effect of transport on plasma catechola
mines and cortisol levels do not seem to have been 
made in the pig. 
Transport stress in cattle is thought to reduce the 
animals' resistance to the infectious complex that 
causes "shipping fever" (Hoerlein 1980). It may 
therefore be of interest to study the effect of trans
port stress on the immune system of the pig, 
because the immune system may be affected by 
cortisol as well as by CA (Fauci 1979, Crary et 
al. 1983, Landmann et al. 1984). 
In the present study blood samples were taken 
before, during, and after a short transport for 
measurement of the plasma levels of cortisol, 
CBG, and CA. The white blood cells were also 
counted and cell-mediated immunity was esti
mated. The animals' behavior was carefully 
followed. 
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Materials and Methods 
Animals 
Six crossbred (Swedish Landrace x Yorkshire x 
Hampshire) ovariectomized gilts not suscepti
ble to stress, were used in the present study. The 
sire was HalN HalN. Their mean age was 10.8 
months (range 9to13 months) and their mean 
weight 134 kg (range 116to149 kg) at the start 
of the study. The ovariectomy was performed 
when the animals had passed puberty and at least 
3 weeks before the start of the study. The gilts 
were kept in individual pens and restrictedly fed 
according to the Swedish stock standard. The ani
mals were handled and used to close contact with 
the staff. For blood sampling, a silastic catheter 
was inserted into the jugular vein (Karlbom et 
al. 1982, Rodriguez & Kunavongkrit 1983). The 
operations were performed under general 
anaesthesia (pentothal-sodium, 5% ). 

Transport 
The animals were transported 2 days after the 
surgery. The study was performed on 2 occasions 
with 3 gilts in each group. Before transportation, 
the animals were moved 40 m from the pens to 
the truck, where the gilts were kept in an area 
measuring 6.3 m2. The temperature during the 
transport was 10°C on the first occasion and 18°C 
on the second occasion. The transports start
ed 5 min after loading at 9.00 and lasted for 1 h. 
During transport the animals were observed and 
their behavior was recorded by the same observ
er (A.-M Dalin). The transport was done on coun
try roads under calm conditions at a speed of 
approximately 70 km/h. After the transport the 
animals were kept for an additional 5 min on the 
truck before unloading. 

Blood Sampling 
Blood samples were collected on the day after 
the catheter operation ( d-1) at 9 a.m., 12 noon 
and 3 p.m. On the day of the transport ( d 0), blood 
was sampled at 7.00 a.m., 8.00 a.m. and 9.00. a.m. 
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Immediately after the last sample was taken the 
gilts were moved to the truck and samples were 
taken every 10 min from the start of the trans
port until 30 min after the transport. Blood 
sampling continued every 30 min for 1.5 h and 
thereafter every h for 5 h. Blood samples were 
then taken every 3rd h from 5 p.m. until 5 a.m. 
the following day. Thereafter, sampling con
tinued 3 times a day (9 a.m., 12 noon and 3 p.m.) 
for 5 days (from day +1 to day +5). 
Blood (10 ml) for cortisol and CBG determina
tions was collected in heparinized tubes and cen
trifuged as soon as possible. The plasma was then 
stored at -18°C until it was assayed. For the assay 
of CA, 5 ml of blood was transferred to a tube 
containing 140 IU of heparin and 100 µl of a 0.4 
M glutathion solution. The tubes were kept in 
ice-water and centrifuged at + 4°C. The plasma 
was stored at - 70°C until it was assayed. Blood 
samples from frequent sampling during and 
after the transport were analyzed for CA. For 
blood cell counts and the lymphocyte prolifera
tion test, tubes containing EDTA and heparin, 
respectively, were used. 

Hormone and Corticosteroid-Binding Globulin 
assays 
Plasma concentrations of cortisol were determined 
by direct radioimmunoassay as previously 
described and validated (Nyberg et al. 1988). The 
binding capacity of corticosteroid-binding glob
ulin, CBG, was estimated as a 1-point assay 
and included the addition of cortisol to satura
tion according to Nyberg et al. (1988). The cat
echolamines (CA), adrenaline (A) and noradren
aline (NA) were measured by electrochemical 
detection after high performance liquid chrom
atography according to Keller et al. (1976) as mod
ified by Hallman et al. (1978). 

Blood Cell Count 
The total number of white blood cells (WBC) 
was counted in a celloscope and differential 

WBC counts were carried out using blood cell 
smears stained with Giemsa's and May 
Griinewald's solutions. The blood analyses 
were performed according to the standard pro
cedures at the Department of Clinical Chemis
try, Swedish University of Agricultural Scienc
es. 
Blood samples for cell counts were collected at 
9 a.m and 3 p.m. on day -1, on the day of trans
port at 8 a.m., during transport, directly after trans
port, at 4 p.m. and at 11 p.m. (day 0). During the 
2 days after transport samples were collected once 
daily at 9 a.m. (days +1 and +2). 

Lymphocyte Proliferation Test 
To estimate the cell-mediated immunity, a 
whole-blood lymphocyte proliferation test was 
performed according to Magnusson & Fossum 
(1988). In brief, 100 ml of heparinized blood dilut
ed 1:10 in growth medium was cultured with or 
without (unstimulated cultures) 100 µl of growth 
medium, containing the T-cell mitogen Concan
valin A (Pharmacia, Uppsala, Sweden) at a 
concentration of 10 µg/ml for 3 d at 37°C. The 
cell cultures were then pulsed with (3H)thy
midine for another 24 h before harvest. The pro
liferative response of the lymphocytes was 
expressed as mean counts per min ( cpm) for rep
licates of 4 from the 2 types of cultures. Blood 
samples for the lymphocyte proliferation assay 
were collected using the same scheme as that for 
the blood cell counts, but the last sample was 
excluded for technical reasons. 

Statistical Analyses 
Statistical analyses of the data from the cortisol 
and CBG determinations were carried out 
using the analysis of variance procedure and the 
2-sample analyses using the Statgraphics statis
tical package (STSC. Inc., Rockville, MD). 
Two-way interactions were tested and found to 
be nonsignificant. For the CA values analyses 
of variance, repeated measurements were used, 
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present study reached such high values that 
the A may cause physiological effects, such as 
increased levels of cyclic AMP in plasma. The 
NA levels were, however, probably without any 
marked effects (Hjemdahl et al. 1983). It should 
be observed that for technical reasons venous 
blood plasma was used for the CA measurements 
in the present study, even if arterial blood 
would have been more relevant (Hjemdahl et al. 
1984). 
In earlier studies on transport-induced stress, 
blood sampling for hormone assay was per
formed only before and after transport. In the 
present study, a rise in the plasma cortisol con
centrations were found in connection with the 
transport, which is in agreement with earlier stud
ies (Spencer et al. 1984, Becker et al. 1985b, 
Dalin et al. 1988, Nyberg et al. 1988). However, 
the present study clearly shows that the rise in 
the cortisol level occurred immediately after the 
start of the transport and that the maximum lev
el of cortisol was reached during the transport, 
not after unloading, which has been reported by 
Becker et al. (1985b ). After the transport the 
decrease in the cortisol level was rapid and the 
pigs returned to their diurnal rhythm 4 h later. 
In the present study, during transport the blood 
levels of both cortisol and A increased at the same 
time. This may indicate simultaneous release from 
both the adrenal cortex and the adrenal medul
la. 
Even if the stress in the present study can be 
regarded as mild and the effect on the CA and 
cortisol levels was brief, this type of stress has 
a positive effect on the reproduction in pigs, in 
that transport stress induces oestrus both in 
prepubertal gilts (Paredis 1961, Du Mesnil du 
Buisson & Signoret 1962, Dalin et al. 1988) and 
in anestrous sows (Rojanasthien 1989). Shil
ling & van Rechenberg (1973) and Barb et al. 
(1982) found that treatment with ACTH or 
glucocorticoids had an inhibitory effect on the 
ovarian activity and blocked the ovulation. 

Therefore, the stimulatory effect of transport on 
reproduction found in prepubertal gilts and 
anestrous sows might not be due to a raised cor
tisol level but to a raised level of CA (Dalin et 
al. 1988). This is in agreement with studies that 
suggest that adrenergic nerves participate in the 
control of ovarian function. For reviews see Bur
den (1985), and Spicer (1986). 
The mean CBG binding capacity level did not 
change markedly during exposure to transport 
stress, which indicates that the increase in the 
cortisol level observed during the stress was an 
increase in the free fraction of cortisol. Further
more, there was a steady increase up to the 
2nd day after transport. To compare, in an ear
lier study by Dalin et al. (1988), the binding capac
ity of CBG did not change during the day of trans
port but a significant decrease was seen the 
day after. However, in that study the animals were 
catheterized on the same day as the transport, 
and recent results (Dalin et al. unpublished) show 
that the operation itself induces a significant 
decrease in the CBG binding capacity the day 
after the operation. In the present study, the effect 
of the operation on the CBG binding capacity 
can be disregarded because the CBG is back to 
the normal level 2 dafter surgery (Dalin et al. 
unpublished). 
The significant changes in the total number of 
WBC in the present study were the result of alter
ations in the number of PMN cells. In an earli
er study, diurnal changes in circulating leukocytes 
in the pig were observed (Magnusson & Dalin 
1992). However, these diurnal changes were 
not dramatic, particularly not from morning 
to noon, and thus did not correspond to the sud
den and highly significant changes in the num
ber of circulating PMN cells or lymphocytes at 
transportation in the present study. Thus, the rap
id increase in circulating PMN cells during 
transport was probably an effect of the release 
of cortisol into the circulation (Fauci 1979). 
Alternatively, the neutrophilia may have been 
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due to the combination of high cortisol levels and 
elevated CA levels in plasma, as suggested by 
Landman et al. (1984). The significant decrease 
in the number of lymphocytes at transport may, 
conversely, solely be an effect of the increased 
plasma levels of cortisol (Fauci 1979). The large 
number of PMN cells on the day before trans
portation is interpreted as an effect of the oper
ation 2 d before transport (Dalin et al. unpub
lished). 
The cell-mediated immunity, as measured by the 
lymphocyte proliferation test, did not seem to 
be affected by the transport stress. On the con
trary, blood mononuclear cells from pigs exposed 
to 30 min restrain stress were suppressed in 
their proliferative response to mitogen Con A 
(Klemcke et al 1990). However, this type of 
stress caused very high plasma levels of cortisol, 
almost 3 times higher than in the present study, 
which may, in turn, explain the difference in results 
between the studies. Injection of adrenaline in 
humans causes a highly transient suppression of 
the proliferative response to Concanvalin A 
(Crary et al. 1983). Unfortunately, no data 
about the actual plasma concentrations of 
adrenaline were obtained in that study. Even so, 
the absence of effect on the proliferative response 
by the relatively transient stress in the present 
study is in accordance with the proposition by 
Cohen (1987) that mild acute stress does not exert 
a significant effect on the immunocompetence. 

Conclusion 
To conclude, both the plasma levels of adren
aline and cortisol increased significantly during 
mild transport stress, whereas the noradrenaline 
value did not change constantly. This may indi
cate simultaneous activity of both the adrenal 
cortex and the adrenal medulla. The corticos
teroid-binding globulin level changed gradual
ly after transport. The transport stress seemed 
to affect the number of circulating polymorpho-
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nuclear neutrophils and lymphocytes, but not cell
mediated immunity. 
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Sammanfattning 
Effekten av transportstress pa plasmanivaerna av kat
echolaminer, kortisol, kortisol-bindande globulin, den 
vita blodbilden och lymfocyt-prolif eration hos svin. 
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Effekterna av tranportstress pa plasma nivaerna av 
katecholaminer, kortisol och korticosteroid-bindande 
globulin (CBG) studerades hos 6 gyltor av korsnings
ras. For att faststlilla stressens effekt pa immunstatus, 
raknades de vita blodkropparna och den cell-formedlade 
immuniteten bedomdes. Adrenalinnivan okade signi
fikan t under transporten, fran en basniva pa 0.03 
ng/ml till en plata pa 0.11- 0.12 ng/ml. Noradrenalinet 
fluktuerade under transporten. Plasma nivan av kor
tisol var fore palastningen ca 40 nmol/l och steg ome
delbart efter transportens inledning till 70 nmol/l (p < 
0.05) och 87 nmol/l (p < 0.01) 10 och 30 min darefter. 
Efter avlastningen minskade kortisolnivan snabbt till 
Jagsta niva 4 tim efter transporten. Darefter aterkom 

dygnsrytmen. Bindningskapaciteten hos det kortico
steroid-bindande globulinet ( CBG) okade ( ej sign.) under 
transportdagen, fran 25 nmol/l till 34 nmol/l, och den 
fortsatte att oka tills en plata uppnaddes pa andra dag
en efter transporten. Totalantalet vita blodkroppar okade 
signifikant (fran 13.7 till 15.5 x 109 celler/l), antalet lym
focyter minskade signifikant (fran 8.4 till 7.0 x 109 

celler/l) och antalet polymorfkarniga neutrofiler okade 
signifikant (fran 4.3 till 7.2 x 109 celler/l) under trans
porten. Ingen signifikant skillnad kunde ses i prolife
rationssvaret i blodcellskulturen. De viktigaste resul
taten var en samtidig aktivitet i binjurebark och 
binjuremarg under transport. 
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