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Abstract Animal Welfare 2003, 12: 403-409

This study was undertaken in order to determine the variation of the acute phase proteins
haptoglobin and Pig-MAP (major acute phase protein) in the serum of pigs affected by
transport-related stress. Pigs were subjected to one of two pre-slaughter treatments:
a) short-duration transport (1 h 15 min transport and 2 h lairage); or b) long-duration
transport (6 h transport and 14 h lairage). There were 10 individuals in each treatment
group, belonging to the NN (n =35) or Nn (n =15) genotypes for halothane susceptibility.
Samples were taken before transport, just after transport, and on stunning at slaughter. We
measured levels of serum haptoglobin, Pig-MAP and cortisol. Our results showed that the
short-duration transport did not modify the levels of haptoglobin or of Pig-MAP in any of the
three samples, whereas cortisol was increased just after transport. In contrast, there was an
increase in haptoglobin and Pig-MAP in serum from animals after long-duration transport,
as observed in the post-mortem samples (20-21 h after the beginning of transport), cortisol
levels were not increased in these conditions. In this experiment, homozygotes for the
halothane gene tended to have higher values of haptoglobin after slaughter than did
heterozygotes. In conclusion, combined determination of acute phase proteins and cortisol
levels could provide valuable information on welfare problems related to transport.

Keywords: acute phase proteins, animal welfare, haptoglobin, Pig-MAP, pigs, transport
stress

Introduction

Acute phase proteins (APPs) are blood plasma proteins that change in concentration
following infection or inflammation. The level of these proteins in serum has been
recognised to be a valuable marker of clinical and even subclinical disease in farm animals
such as cattle and pigs (Kent 1992; Gruys et al 1994; Kaneko 1997). Synthesis of APPs takes
place in the liver after serum peaks of proinflammatory cytokines released by macrophages,
one of the animal body’s defence mechanisms against external agents (Gonzalez-Ramon ef al
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2000). In pigs, as well as in other animal species and humans, determination of the plasma
concentration of these proteins gives valuable clinical information on infection and
inflammatory lesions (Hall et al/ 1992; Heegaard et a/ 1998). Besides their well-established
role as markers of disease, several reports in humans and in other animal species have
suggested that some APPs could make good indicators for the assessment of animal welfare
during animal production processes. Some recent preliminary reports indicate that levels of
APPs can increase in pigs because of the stress caused by transportation (Eurell et a/ 1992;
Murata & Miyamoto 1993; Toussaint ef al 1995). There are substantial differences between
species in the relative changes in APP production. Thus, while C-reactive protein (CRP) is a
major APP in humans and dogs, haptoglobin, CRP and Pig-MAP (major acute phase protein)
are the major APPs in pigs (Lampreave er al 1994; Eckersall et al 1996; Gonzalez-Ramon
et al 1995; Toussaint efal 2000). Haptoglobin and Pig-MAP are interleukin-6 (IL6)-
dependent (Gonzalez-Ramon et a/ 2000) and have been suggested to be indicators of stress in
pigs (Pifieiro et al 2001a,b).

Pre-slaughter handling (ie transit from the production unit to the slaughter plant and
lairage at the abattoir) has been identified as one of the most stressful periods in the lifespan
of a pig. Many factors interact during the pre-slaughter period (eg ambient temperature,
humidity, stocking density, vehicle motion, transport or lairage duration) and result in a final
output in terms of meat quality and welfare. The halothane susceptibility genotype of pigs
has been considered to play a role in individual responses to pre-slaughter conditions
(Grandin & Deesing 1998); this genotype has now been associated with a mutation in the
ryr-1 gene, which encodes the muscle ryanodine receptor or calcium release channel (Fujii
et al 1991). Pigs that are homozygous for the mutation (nn) are likely to develop a potentially
lethal condition known as porcine stress syndrome (PSS) and produce poorer quality meat.
Heterozygotes (Nn) have also been found to show higher pre-slaughter mortality rates and a
higher incidence of pale, soft and exudative (PSE) meat (Murray & Johnson 1998; Fabrega
et al 2002).

In general, pigs are among the species that are most sensitive to stress, and this fact is
directly related to the quality of meat products. Therefore, it is necessary to search for better
tools to monitor pig welfare during all stages of production. The fact that carriers of the
halothane susceptibility gene have been demonstrated to show high stress susceptibility
makes these individuals a good model for testing the potential of new stress markers.

In the present study, two groups of pigs with different halothane susceptibility genotypes
were subjected to two different types of transport, and then blood samples were taken at
intervals in order to measure haptoglobin, Pig-MAP and cortisol and to evaluate them as
stress indicators.

Methods

Subjects and procedure

NN females from a cross of halothane-susceptibility-free Large White x Landrace sows, and
Nn Piétrain or Large White x Piétrain boars, weighing 90-100 kg, were subjected to one of
two types of pre-slaughter treatment: a) short-duration treatment, comprising 1h 15 min
transport and 2 h lairage; and b) long-duration treatment, comprising 6 h transport and 14 h
lairage. There were 10 individuals in each treatment, belonging to the NN (n=5) or Nn
(n=5) genotypes for halothane susceptibility. Blood samples were taken before transport,
just after transport, and after stunning for slaughter. Blood from the caudal vein was collected
in polystyrene tubes without anticoagulant and maintained at 4°C. Serum was obtained after
centrifugation of the blood at 3000 rpm for 10 min.
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Biochemical determinations

Haptoglobin was analysed using the kit from Tridelta (Tridelta Development Ltd, Co
Wicklow, Ireland). The assay, performed in a Cobas Mira autoanalyser, is based on binding
of haptoglobin to haemoglobin, which increases the peroxidase activity of haemoglobin at
low pH. The analytical performance of the assay was a between-run coefficient of variation
(CV) of 1.6% and a between-day CV of 3.8%. The sensitivity of the assay was 0.05 mg ml'
and the linearity was very good, being in the range 0—4 mg ml .

Serum Pig-MAP was determined after diluting the samples 1/20 in saline solution by
radial immunodiffusion in 1% agarose gels containing the specific rabbit antiserum against
this protein, as described in Gonzalez-Ramon et a/ (1995). Purified Pig-MAP was used as a
reference standard. Serum cortisol was determined using a competitive ELISA assay using a
kit (EIA-1887) from DRG Diagnostics (Marburg, Germany).

Data analysis

Serum concentration after different transport conditions was analysed using one-tailed
Student’s z-tests.

Results

Our results showed that the short-duration transport condition (transport 1 h 15 min) did not
modify the levels of haptoglobin or the levels of Pig-MAP just after transport or before
slaughter (total time since start of transport: 3 h 15 min—4 h). In contrast, an increase was
found in haptoglobin and Pig-MAP levels after long-duration (6 h) transport; however, this
increase was observed only in the post-mortem samples (20-21 h after the beginning of the
transport; see Figure 1). Plasma cortisol, the most widely used marker for stress, was
increased just after short transport, but it had returned to normal levels in the samples taken
after slaughter. In the long-duration transport condition, cortisol levels were not increased
after transport and were even found to decrease after slaughter.

A significant correlation was found between Pig-MAP and haptoglobin levels
(*’ =0.7646), whereas no correlation was found between haptoglobin and cortisol
(¥’ =—0.0648) or between Pig-MAP and cortisol (7 = —0.2435, P < 0.05; Figure 2).

In the long transport experiment, pigs that were homozygous for the halothane gene (NN)
had significantly higher values of haptoglobin after slaughter (post-mortem samples) than did
heterozygotes (Figure 3). After short transport, differences between homozygotes and
heterozygotes were not significant.

Discussion

The goal of this study was to evaluate the usefulness of determination of two APPs,
haptoglobin and Pig-MAP, for assessing the degree of physical and psychological stress in
pigs during transport. Transit to abattoirs can be an important source of stress, resulting in
reductions in carcass weight and meat quality.

Our results show that plasma levels of haptoglobin and Pig-MAP increased markedly after
long-duration transportation, but this change was not observed after short-duration transport.
This result is not unexpected, as the increase of APPs results from an increase in transcription
rate of the genes caused by release of cytokines such as IL-6, a mechanism that usually takes
several hours (Gonzalez-Ramon et a/ 2000). In the present experiment, the short treatment
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Figure 1 Haptoglobin, Pig-MAP and cortisol levels in serum of pigs subjected to

short-duration transport (top row) or long-duration transport (bottom
row). Samples were taken (1) before transport, (2) just after transport,
and (3) after stunning. *P < 0.05; **P < (0.01; ****P < (.0001.
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Figure 2 Correlations between haptoglobin, Pig-MAP and cortisol levels in pigs
subjected to short- or long-duration transport.
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Figure 3 Influence of the genotype for halothane susceptibility on haptoglobin

and Pig-MAP levels in pigs subjected to short- or long-duration
transport. Pigs belonged to the NN (solid line) or Nn (dotted line)
genotype for halothane susceptibility. Samples were taken (1) before
transport, (2) just after transport, and (3) after stunning.

comprising 1 h 15 min transport and 2 h lairage may not have been long enough to detect a
rise in APPs in plasma, whereas the long treatment (6 h transport and 14 h lairage) was of
sufficient duration to allow us to find this change. Another possible explanation is that long-
duration transport is needed to cause an increase in APPs, perhaps because of tissue damage
resulting from the animals trying to maintain their balance for a prolonged period of time.

In relation to cortisol level, which is widely used as a marker for psychological stress,
although a significant increase was found after short-duration transport, this difference was
not seen in the long-duration treatment. Stress assessment using cortisol levels is likely to
raise problems when interpreting the data, because the acute cortisol response is subject to
multiple sources of variation such as time or duration of stressor application, circadian
rhythm, and age of the individual (Ruis ef al 1997). Furthermore, individual variability in
cortisol response has been found (von Borell & Ladewig 1992) and there is relatively little
information about the exact time-responses and half-lives of this hormone in the pig. These
practical constraints limit the usefulness of cortisol in assessing stress responses and may
partially explain the results of the present experiment.

It is also interesting to note the high correlation between haptoglobin and Pig-MAP, which
showed a parallel increase in their levels. This is in agreement with the findings of Pifieiro
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et al (2001a), who suggested that APPs could be good indicators of stress. Our results,
together with the fact that these proteins may be less subject to individual variability and
circadian fluctuations than cortisol, support the idea put forward by Pifieiro ez a/ (2001b) and
enhance the potential for their use in welfare assessment.

Finally, we have compared the levels of haptoglobin and Pig-MAP in the plasma of pigs
homozygous and heterozygous for the halothane susceptibility gene. Although preliminary,
our results indicate that homozygotes have higher values of both parameters after long-
duration transport, which probably indicates an unexpectedly higher degree of stress. Further
studies using a larger number of animals are required for this relationship to be fully
established.

Conclusions and animal welfare implications

Our results show that stress resulting from transport conditions can substantially affect the
concentration of serum APPs, and that they could become useful stress markers. This could
be particularly true if individual variability and external sources of variation were found to
have only a minor influence on these parameters. However, the present data also show that
caution must be taken in some aspects of interpretation of these parameters. First, acute
stresses may not be detected until several hours after the trigger of the stressful episode
because of the release mechanism of these proteins. Second, transportation is a stimulus
leading to both physical and psychological stress; an increase in APPs found after this
stressor may, therefore, be attributable to either, or both, of these types of stress, and further
research would be required if they are to be distinguished. If care is taken with regard to
these considerations, our results reinforce the great potential of APPs as tools for assessing
animal welfare.

References

Eckersall P D, Saini P K and McComb C 1996 The acute-phase response of acid-soluble glycoprotein,
alpha(1)-acid glycoprotein, ceruloplasmin, haptoglobin and C-reactive protein, in the pig. Veterinary
Immunology and Immunopathology 51: 377-385

Eurell T E, Bane D P, Hall W F and Schaeffer D J 1992 Serum haptoglobin concentration as an indicator
of weight gain in pigs. Canadian Journal of Veterinary Research 56: 6-9

Fabrega E, Diestre A, Carriéon D, Font J and Manteca X 2002 Impact of the halothane gene on pre-
slaughter mortality in two Spanish commercial pig abattoirs. Animal Welfare 11: 449-452

Fujii J, Otsu K, Zorzato F, De Leon S, Khanna V K, Weilter J E, O’Brien P J and MacLennan D H
1991 Identification of a mutation in porcine ryanodine receptor associated with malignant hyperthermia.
Science 253: 448-451

Gonzalez-Ramoén N, Alava M A, Sarsa J A, Piiieiro M, Escartin A, Garcia-Gil A, Lampreave F and
Piiieiro A 1995 The major acute phase serum protein in pigs is homologous to human plasma kallikrein
sensitive PK-120. FEBS Letters 371: 227-230

Gonzilez-Ramoén N, Hoebe K, Alava M A, van Leengoed L, Lampreave F and Piiieiro A 2000 Pig
MAP/ITIH4 and haptoglobin are interleukin-6 dependent acute-phase plasma proteins in porcine primary
cultured hepatocytes. European Journal of Biochemistry 267: 1-9

Grandin T and Deesing M J 1998 Genetics and behaviour during handling, restraint and herding. In:
Grandin T (ed) Genetics and the Behaviour of Domestic Animals pp 113-145. Academic Press: San
Diego, USA

Gruys E, Obwolo M J and Toussaint M J M 1994 Diagnostic significance of the major acute phase
proteins in veterinary clinical chemistry: a review. Veterinary Bulletin 64: 1009-1018

408 Animal Welfare 2003, 12: 403-409

https://doi.org/10.1017/50962728600025896 Published online by Cambridge University Press


https://doi.org/10.1017/S0962728600025896

Short communication

Hall W F, Eurell T E, Hansen R D and Herr L 1992 Serum haptoglobin concentration in swine naturally
or experimentally infected with Actinobacillus pleuropneumoniae. Journal of the American Veterinary
Medical Association 201: 1730-1733

Heegaard P M H, Klausen J, Nielsen J P, Gonzilez-Ramén N, Pifieiro M, Lampreave F and Alava M
1998 The porcine acute phase response to infection with Actinobacillus pleuropneumoniae. Haptoglobin,
C-reactive protein, major acute phase protein and serum amyloid A protein are sensitive indicators of
infection. Comparative Biochemistry and Physiology 119B: 365-373

Kaneko J J 1997 Serum proteins and the dysproteinemias. In: Kaneko J J, Harvey J W and Bruss M L (eds)
Clinical Biochemistry of Domestic Animals pp 132-134. Academic Press: New York, USA

Kent J 1992 Acute phase proteins: their use in veterinary diagnosis. British Veterinary Journal 148: 279-
282

Lampreave F, Gonzilez-Ramén N, Martinez-Ayensa S, Hernandez M A, Lorenzo H K, Garcia-Gil A
and Pifieiro A 1994 Characterisation of the acute phase serum protein response in pigs. Electrophoresis
15: 672-676

Murata H and Miyamoto T 1993 Bovine haptoglobin as a possible immunomodulator in the sera of
transported calves. British Veterinary Journal 149: 277-283

Murray A C and Johnson C P 1998 Impact of halothane gene on muscle quality and pre-slaughter deaths
in Western Canadian pigs. Canadian Journal of Animal Science 78: 543-548

Pifieiro C, Lorenzo E, Piiieiro M, Lampreave F and Alava M A 2001a Effect of transport and farm
sanitary conditions in the concentration of acute phase plasma proteins Pig-MAP and haptoglobin.
Proceedings of the Second European Colloquium on Animal Acute Phase Proteins p 6. University of
Bonn: Bonn, Germany

Pifieiro M, Alava M A, Lorenzo E, Pifieiro C, Pifieiro A and Lampreave F 2001b Characterisation of the
acute phase protein response in pigs affected by transport related stress. Proceedings of the Second
European Colloquium on Animal Acute Phase Proteins p 5. University of Bonn: Bonn, Germany

Ruis M A W, Te Brake J H P, Engel B, Ekkel E D, Buist W G, Blokhuis H J and Koolhaas J M 1997
The circadian rhythm of salivary cortisol in growing pigs: effects of age, gender and stress. Physiology &
Behavior 62: 623-630

Toussaint M J M, Van Ederen A M and Gruys E 1995 Implication of clinical pathology in assessment of
animal health and in animal production and meat inspection. Comparative Haematology International 5:
149-157

Toussaint M J M, Lipperheide C, Eckersall P D, Alava M, Jobert J L, Heegard P M H, Meloen R H
and Madec F 2000 Assessment of health in pigs by acute phase protein assays. Proceedings of the Tenth
International Congress on Animal Hygiene, Vol I pp 139-143. Animal Health Service: Boxtel, The
Netherlands

Von Borrell E and Ladewig J 1992 Relationship between behaviour and adreno-cortical response pattern in
domestic pigs. Applied Animal Behaviour Science 34: 299-309

Animal Welfare 2003, 12: 403-409 409

https://doi.org/10.1017/50962728600025896 Published online by Cambridge University Press


https://doi.org/10.1017/S0962728600025896

