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Expression of the stress syndrome (PSS) in European wild pig
was evaluated by Halothane test and tested animals were typed by
PCR/RFLP test for C/T mutation at nt 1843 in RYR1 gene.

A total of 56 animals, at the age of 5 months, weighing 20 kg
average, were tested. Hal+ (MHS – malignant hyperthermia
susceptible) phenotype was revealed in 6 pigs, 47 animals expressed
Hal– (MHN – malignant hyperthermia resistant) phenotype, while 3
animals showed no response to administration of 3% halothane after 5
minutes and they were marked as Halr (halothane resistant)
phenotypes. Genotyping of 56 wild pigs revealed that the tested
population was homozygous for the normal C/C allele at RYR1 locus.

The results obtained by halothane test show that expression of the
PSS in wild pigs is modulated and influenced by factors other then
RYR1 genotype.
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INTRODUCTION

Breeding of domesticated animals for food production historically was
directed to increase productive performances. This way highly selected, meat-
type pig breeds were developed. Only after the productivity and/or production
cost was affected, the selection of animals towards resistance to diseases and
ambiental changes was considered. Intensive pig breeding suffered greatly from
the manifestation of PSS (porcine stress syndrome), defined as an inherited,
autosomal recessive trait in pigs manifested as progressive malignant
hyperthermia and/or sudden deaths developed after exposition of animals to mild
to moderate stress conditions or triggered by some drugs. The condition affects
muscle tissue after death resulting in pale, soft, exudative meat (PSE) evidenced
on the slaughtere line.

Evaluation of the genetic etiology of the syndrome revealed that halothane
sensitivity in pigs is highly associated with some genetic markers in pigs. It was
defined that halothane induced malignant hyperthermia (MH) is controlled by
recessive autosomal allelic genes on HAL locus. Following the investigation of the
HAL locus it was assembled to the s(A-O)-GPI-HAL-H-A1BG-PGD linkage group
on the porcine chromosome 6 (Juneja et al., 1983, Jerle et al., 1990) it was
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considered that the causative structural change in calcium ion release
channel/ryanodine receptor 1 encoded by RYR1 loci allelic genes is responsible
for the development of MH in pigs as well as in humans and dogs. RYR1 locus was
assigned as a candidate gene for HAL.

PSS is considered to be the animal model for the evaluation of equivalent
conditions in humans. Furthermore, the condition was considered until recently to
be a characteristic of domesticated pigs. Only after the altered hyperthermic
reaction to halothane anaesthesia in wild pigs was observed, the complexity of the
disturbance was revealed. After comparative studies of halothane susceptibility in
different commercial pig breeds it was revealed that the expression of HAL+

phenotype is very frequent in some breeds (Jovanovi} et al., 1987; Gahne et al.,
1985).

Although PSS is significantly more frequent in commercial pigs, data
describing the developed MH/PSE in wild pigs are lacking. Therefore evolution
and/or domestication in inducing progression of genetic disturbances like PSS is
highly questionable.

MATERIAL AND METHOD

A total of 56 animals, 5 months old, weighing around 20 kg were tested for
PSS by Halothane challenge test (Eikelenboom and Minkema, 1974).

Blood samples were collected into sterile tubes containing K3EDTA, as
anticoagulant. DNA isolation was performed upon PCR protocol described by
Higushi (1989).

PCR products were stored at 4o C until RFLP analyses. PCR products were
cut into fragments at the mutation site and at a control site common to the normal
and mutated gene. The obtained samples were digested for 2 hr with 4 U of
BsiHKAI restriction enzyme (BioLabs, USA). Restriction digests were further
separated by agarose gel electrophoresis in Tris-borate/EDTA buffer, pH 8.0
(Vogeli et al., 1994; O’Brien et al., 1993).

The distribution of halothane allelic frequencies were calculated and
compared with the results of PCR/RFLP test.

RESULTS AND DISCUSSION

Healthy, captured wild pigs of both sexes were inhaled with 3% halothane
through inhalation masks during 5 minutes. Halothane challenge test revealed
that 6 out of 56 wild pigs expressed halothane induced stress reaction developing
symptoms of malignant hyperthermia (MHS – malignant hyperthermia
susceptible), while 3 animals were resistant to halothane anaesthesia (Halr -
halothane resistant phenotypes). Non-reactive animals were further submitted to
prolonged (10 minutes) administration of halothane in concentration of 5% and
responded by induction of narcoses (Figure 1).

The halothane administration showed that the phenotypes of tested animals
were Hal+, Hal– and Halr, 11%, 84% and 5%, respectively.
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Close correlation between the halothane response and allelic genes
distributed within calcium release channel gene was evidenced by McLennan and
Phillips (1992), O’Brien et al. (1993), Schmolzl (1993) and Vogeli et al. (1994).
Mutation at nt 1843 is a causative agent for substitution of arginine 615 with
cysteine in the sequence of skeletal muscle calcium release channel protein in
commercial pig breeds (Vogeli et al., 1994, Sara~ et al, 1996). Linkage analyses
indicated RYR1 gene as a candidate gene for Hal in pigs.

Analyses for C/T missence mutation at RYR1 locus revealed that all tested
wild pigs were of normal CC genotype at nt 1843. The tested population of wild
pigs has been homozygous for the normal RYR1 allele upon results obtained by
PCR/RFLP test (Figure 2).
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Figure 1. Halothane anaesthesia in wild pig

Figure 2. Results of PCR/restriction endonuclease test for C-T mutation at nt 1843 in RYR1
gene



Comparison of halothane phenotypes with RYR1 genotypes in the tested
population of wild pigs did not confirm the theory of the monogenetic aetiology of
PSS.

CONCLUSIONS

Having in mind that the missence mutation in calcium ion channel ryanodine
receptor gene (RYR1) was considered responsible for expression of PSS and MH
in humans and in domestic pigs the results obtained show that there can be other
factors which influence the malignant stress reaction in wild pigs, therefore
probably in the domesticated pig population as well. The multifactorial origin of
MH in pigs can be theoretically emphasized.

In spite of the wide spread believe that PSS arose during domestication and
selection of pigs for meat the presence of halothane induced MH in wild pig
speaks-up for a more complex evolutive event. The complexity of PSS is further
more underlined by the fact that the sequence containing both Hal gene and
RYR1 gene on porcine chromosome 6 is highly conserved (Rempel et al., 1993). It
is questionable weather the PSS/MH in domestic pigs evolved through selective
breeding programmes.
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POJAVA STRES SINDROMA (PSS) I MUTACIJE NA GENU ZA RIJANODIN
RECEPTOR (RYR1) KOD EVROPSKE DIVLJE SVINJE (Sus scrofa ferus)

JOVANOVI] S, TRAILOVI] RU@ICA, SAVI] MILA i SARA^ M

SADR@AJ

Pojava stres sindroma kod evropske divlje svinje ispitivana je primenom
halotan testa i izvr{ena je genotipizacija na poziciji nukleotida 1843 u genu za
rijanodin receptor (RYR1) kori{}enjem PCR/restriktivnog endonukleaza testa.

Testirano je ukupno 56 `ivotinja, starosti 5 meseci i prose~ne telesne mase
od 20 kg. Od ukupno 56 jedinki 6 `ivotinja je pokazalo Hal+ (MHS) fenotip, 47
jedinki je imalo Hal– (MHN) fenotip, a tri jedinke nisu uop{te reagovale na 3%
halotan ni posle 5 minuta uvo|enja u narkozu i one su ozna~ene kao Halr fenotip.
Genotipizacija na poziciji nukleotida 1843 u genu za rijanodin receptor pokazala
je da su sve ispitivane jedinke, bez obzira na halotan status imale normalan RYR1
C/C genotip.

Dobijeni rezultati ukazuju da se stres sindrom javlja i kod divljih svinja, mada
postoji zna~ajna modulacija pune ekspresije sindroma drugim faktorima.
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