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Mitochondrialer Kalziumausflug, Schweinestress und Bosartige Hyperthermiesyndrome

K.S. CHEAH
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Die Messung von Kalziumausflug mit Murexid stellt eine verlagliche und genaue Methode fur die Einschatzung der
Schweinestressempfindlichkeit dar. Mitochondrien vom M. longissimus dorsi verschiedener Schweinerassen
zeigten Verschiebungen des Kalziumausfluggrades, wobei stressempfindliche Schweine im Kalziumausfluggrad
doppelt so hoch lagen wie stressunempfindliche.

Schweinestress und bosartige Hyperthermiesyndrome sind miteinander verwandt und ein hoher Kalziumausfluggirad
stand im Zusammenhang mit sowohl halothanempfindlichen Schweinen als auch solchen, die post mortem bleiche,
weiche und exsudierende Tierkorper haben. Der Kalziumausflupgrad stand in einer engen Wechselbeziehung

zum Glykolysegrad, zur Laktatbildung, zum Tropfen, zum Extrazellularen Raum und zur Hydrolyse von
Kreatinphosphorsaure und Adenosintriphosphat.

Arrheniusstellen von kalziumstimulierter Atmung zeigten eine verschiedene Ubergangstemperatur in Mitochondrien
von stressunempfindlichen und stressempfindlichen Schweinen und deuteten darauf hin, dap die letzteren mehr
gesattigte Fettsauren enthielten. Der Unterschied im anaeroben KalziumausfluBgrad zwischen stress-
empfindlichen und -unempfindlichen Schweinen ist wahrscheinlich auf die Erzeugung von Fettsauren als Folge
der kalziumstimulierten Phosphorlipasetatigkeit zurlickzufiihren. Der wahrscheinliche Mechanismus von Stress
und bosartigen Hyperthermiesyndromen wird im Zusammenhang mit den obenerwahnten Ergebnissen besprochen.
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Measurement of calcium efflux with murexide offers a reliable and sensitive method for assessing porcine stress-

susceptibility. Mitochondria from M.longissimus dorsi of different breeds of pigs showed variations in calcium

efflux rates, with stress-susceptible pigs showing an efflux rate twice that of stress-resistant pigs.

Porcine stress and malignant hyperthermia syndromes are related in that high calcium efflux rates were
associated both with halothane sensitive pigs, and with pigs which produced pale, soft and exudative carcasses
post-mortem. The calcium efflux rates correlated very closely with the rate of glycolysis, lactate formation,

drip, extracellular space and hydrolysis of creatine phosphate and adenosine triphosphate.

Arrhenius plots of calcium-stimulated respiration showed a different transition temperature in mitochondria
from stress-resistant and stress-susceptible pigs, suggesting the latter contained more saturated fatty acids.
The difference in the anaerobic calcium efflux rate between stress-susceptible and stress-resistant pigs is
likely to be due to production of fatty acids as a consequence of calcium-stimulated phospholipase activity.
The probable mechanism for stress and malignant hyperthermia syndromes is discussed in the 1ight of the

above evidence.
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is not improved by using additional electrodes, positioned for instance in the middle of the back (Savell et al.
1977).  However, a practical method of low voltage stimulation could perhaps be developed by stimulating via
the spinal cord, e.g. by inserting a plastic pithing rod with electrodes at either end; our preliminary results
with this method show that it is less reliable than the standard method, but better, at say 150V (peak) than
indicated by the results in Table 2.

Another modification, possibly useful on some slaughter lines, is to stimulate split, dressed sides, preferably
within 40 min of slaughter. This method is rather less reliable than stimulation of undressed carcasses
(Table 2) but better than stimulation at voltages below 650V.

6. The pathways excited by stimulation

Although very high currents of 4A or more flow during stimulation at 650V.there is no evidence that muscles
directly in the current pathway, e.g. the LD and BF muscles, react any more vigorously than the TB muscles in
the forelimb which are not in the pathway and in which current flow is minimal. Similarly, when a carcass is
hung by one leg and one pair of electrodes is placed on this leg only and the other pair on the neck, vigorous
contraction and rapid fall of pH occurs in the free leg in which almost no current flows. This, combined with
almost complete absence of contractile response to stimulation of curar sed rabbit and lamb carcasses (Bendall,
1976), shows that very little of the contractile response is due to direct stimulation of the muscles but
rather that surviving motor nerve pathways in both the spinal cord and the muscles themselves are activated and
are the main cause of the response. In fact, Galvani's (1790) classical experiment of attaching two dead frogs
together and stimulating one of them with a bi-metallic strip, whereupon the other frog jumped in time with the

first, can be repeated with two beef carcasses touching each other.

Indirect evidence in favour of the almost exclusive implication of nervous pathways in the stimulation process
comes from the dying away of the contractile response in rabbit, 1amb and beef carcasses within an hour or so

of death. At this time the muscle pH is usually high (>6.8) and the ATP-level maximal, so that muscles excised
from the carcass can still respond fully to direct stimulation (Bendall, 1977).
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La mesure de 1'ecoulement du calcium avec 1a murexide offre une méthode fiable et sensible pour évaluer la
susceptibilité au stress porcin. La mitochondrie du M. longissimus dorsi de diverses especes de porcs a
montré des variations des taux d'ecoulement du calcium, les porcs susceptibles au stress montrant un taux
d'ecoulement deux fois plus élevé que celui des porcs résistants au stress.

I1 y a des rapports entre le stress porcin et les syndromes de 1'hyperthermie maligne, puisque des taux
d'écoulement du calcium élevés s'associent aux porcs sensibles au holothane et aux porcs qui produisent des
carcasses post-mortem p%]es, molles et suintantes. I1 y a une corrélation étroite entre les taux d'ecoulement
du calcium et le taux de glycolyse, formation de lactate, gouttes, espace extra-cellulaire et hydrolyse de
phosphate de créatine et de triphosphate d'adénosine.

Les tracés d'Arrhenius de 1a respiration stimulée par le calcium ont montré une température de transition
différente dans la mitochondrie des porcs résistants au stress et des porcs susceptibles au stress, ce qui
donne a penser que ceux-ci contenaient davantage d'acides gras saturés. La difference entre Tes taux
d'écoulement du calcium anébrobique des porcs résistants au stress et des porcs susceptibles au stress provient
probablement de 1a production des acides gras par suite de 1'activiteé phospholipide stimulee par le calcium.

Le mécanisme probable des syndromes de stress et d'hyperthermie maligné est discute en tenant compte des
constatations.

BHIeJeHNe KaJblUusd U3 MATOXOHAPUA, CTPECC ¥ GOJIeBHEHHHj T'MIOTEpMUYECKNH CUHIDOM Y CBUHE}

K.C. UuA
CelbCKOXO034iC TBEHHH MCCJIEIOBATENbCKUA COBeET, Hayuno—uccaenoBaTeIbCKMit UHCTUTYT MsAca,
BenmukoGpuTanud,

MeTon u3MepeHus BHIENADNErOCA KajbHUA C IOMOWBD Mypekcuza fBIAETCHA HALEXHHM IJS uCCIELO—
BaHNA YYBCTBUTENBHOCTM CBUHE# K CTDECCOBOMY COCTOSAHMD, MUTOXOHIDUM U3 MyCKyJa Ii.1 longis-
simus dorsi Pa3/myHHX TOPOX CBUHEZ MOKa3alu KoJeGaHMA B TeMNe BHIEJNEHMA KalbIOud: y
CBUHE#A, UYBCTBUTENBHHX K CTPECCY, TeMI B IBa pa3a 0oJblle, YeM Y CBUHEH YCTOHYUBHX K
cTpeccy. CTpecc u TUNOTEDPMUYECKU] CUHILOM CBABAHH Kak C TrajoTeHOBOR YYBCTBUTEJIBHOCTHR
CBUHEY TaKk W C NOGJeTHEHHWEM, DPa3MATUYEHUEM U yBJIaXHEHUEM TYIM NOCNe y0od, TeMn BHIeNeHUS
Kalplind KODpeNUpyeT C TEMIOM TJMKOIM3a, 06pa30BaHMEM JaKkTaTa, BHIEHEHUEM COKa BHEKJIe—
TOYHOTO MPOCTPAHCTBA ¥ TUILPOJUIOM KpeaTuHpocaTa ¥ aleHO3UHTpubochaTa, I'pagurn AppeHnyca
ZJIA OKMCIEeHUS, CTHMyIMDOBAHHOTO KalblueM, MOKa3ald pa3fuyHyD NEPEXOIHYD TeMneparypy B
MATOXOHAPUAX Yy UYBCTBUTENBHHX M YCTOHUMBHX K CTpPecCy CBUHEH, UTO TMO3BONfeT npexnonaraTh
0onplee COZEDXAHME HACHNEHHHX XMDEHX KUCJOT y nocnexnux, PasHMIA B TeMIle aHa3POGHOTO
BHIENEHNA KANbIUA Y UYBCTBUTENBHHX U YCTOHNUMBHX K CTpeccy CBUHEX, BEPOATHO, 0GYCJIOBIU—
BAeTCA 00pa30BaHMEM XUPDHHX KHCAOT Kak CJeJCTBUE dhochonunasHoi aKTUBHOCTH, CTUMY IULOBAH~—
HO# RaJplueM, leXaHUsM cTpecca M THIOTEpPMUYECKNH CUHIPOM OGCYXIAWTCHA Ha OCHOBAHMM MO—
JIy4YeHHHX (aKToB,




E 2:3

Mitochondrial calcium efflux, porcine stress and malignant hyperthermia syndromes

K. S. CHEAH.

Agricultural Research Council, Meat Research Institute, Langford, Bristol, BS18 7DY, United Kingdom.

Introduction

The pale, soft and exudative (PSE) condition associated with muscles of stress-susceptible pigs is
characterized by rapid biochemical changes immediately after death. The muscles of these pigs show an extremely
rapid fall in tissue pH post-mortem, and the ultimate pH value of about 5.5 is attained while the carcass is
still hot. This results in denaturation of sarcoplasmic and myofibrillar proteins and consequent exudation of a
large amount of drip and pale meat (1-2). Stress-susceptible pigs also show a tendency to develop malignant
hyperthermia (3), a condition induced by either halothane (4-8) or by severe physiological stress (9-10).
Malignant hyperthermia and PSE appear to be closely related and the mechanism responsible for both these condi-

tions may be identical.

Various researches have been carried out in attempting to explain the cause of PSE condition in stress-
susceptible pigs. The early postulation of "uncoupling" of mitochondria (11) and of "aberrant mitochondrial
energy metabolism" (12) could not be confirmed by us (13) and by other workers (14-16). Contrary to previous

reports (10-11), no marked biochemical difference in the properties of mitochondria from M. longissimus dorsi

(LD) of both stress-susceptible and stress-resistant pigs was observed (13-16). Furthermore, no significant

difference in either the Ca2+—binding ability of sarcoplasmic reticulum or of myofibrillar ATPase activity were
detectable in either stress-susceptible or stress-resistant pigs in LD muscle obtained at 15 minutes post-

mortem (17) or from biopsy samples taken with a minimum of muscle trauma (18) to account for the development
of PSE meat in stress-susceptible pigs. The recent report of a difference in the sarcoplasmic reticulum bet-
ween stress-susceptible and stress-resistant pigs (19) could not possibly be due to true difference in the pro-
perties of these organelles in situ, but difference derived through acid (pH 5.4-5.7) denaturation of the sarco-

plasmic reticulum prior to its isolation from the muscle of stress-susceptible pigs.

In 1976, we suggested that the Ca2+ release from mitochondria of LD muscle of stress-susceptible pigs (20)
was the 'trigger' for the series of biochemical events responsible for the ultimate formation of PSE and also
of malignant hyperthermia syndrome. This suggestion was based on our observation that tightly-coupled mito-
chondria from LD muscle of stress-susceptible pigs showed an anaerobic Calt efflux rate about twice that of
stress-resistant pigs, and that halothane only enhanced the mitochondrial Ca2* efflux rate of stress-susceptible
pigs. Since that time, we have been investigating the direct relationship between mitochondrial Caz+ efflux and
parameters associated with PSE and malignant hyperthermia, and the mechanism responsible for either or both of
these porcine syndromes. This paper emphasizes the reliability and sensitivity of the CaZ* efflux measurements
in assessing porcine stress-susceptibility, and also describes the probable mechanism for PSE and malignant

hyperthermia syndromes.

Materials and Methods

Bovine serum albumin (fatty acid free), rotenone, sodium succinate and murexide (ammonium purpurate) were

obtained from Sigma Chemical Corp.; crystalline Bacillus subtilis (Nagarse) from Teikoku Chemical Co., Osaka;




all other reagents were of analytical grade.

A11 the pigs used were from the stock of healthy animals held at the Meat Research Institute. The halothane
-screened Pietrain/Hampshires and Pietrains were kindly supplied by Dr Webb (ABRO, Edinburgh) and Dr Monin
(I.N.R.A., Theix) respectively. The weight of the pigs ranged from 70 to 100 kg at slaughter. The mitochondria
were isolated from LD muscle using B. subtilis proteinase (20). The Cal*-stimulated respiration for succinate
oxidation was measured polarographically with a Clark oxygen electrode [}e110w Spring Oxygen Monitor (Model 53)]
in a total volume of 2.50 ml. The reaction medium (pH 7.20) contained 220 mM mannitol, 50 mM sucrose and 15 mM
Tris-HC1 in the presence of 5.0 mM P;. calt uptake was measured by the murexide technique (21) with the Aminco-
Chance dual-wavelength/split-beam spectrophotometer operating in the dual-wavelength mode at 540-510 nm at 20°C
using the reaction medium described for the oxygen uptake experiments except that 2.50 mM P; was used. Protein
was estimated with Folin-phenol reagent (22) using bovine serum albumin as standard. Tissue pH and metabolites

were determined as described by Bendall et al (23).

Results

1. Variations in Stress-susceptibility

In 1976, we showed that different breeds of pigs exhibited different rates of mitochondrial Cat efflux (20)
This aspect of the work has been extended and substantiated since that period to support the conclusion that

mitochondrial Cal*t rates can be used to predict and assess porcine stress-susceptibility. P; stimulated the rate

2+

of mitochondrial Ca“* efflux. Measurements made in the presence of 2.50 mM P; was found to be very convenient

for differentiating porcine stress-susceptibility because of the greater difference observed under these condi-

tions between stress-susceptible and stress-resistant pigs (see Table 1).

2+

Table 1: Rates of Ca®" efflux of LD muscle mitochondria from different breeds of pigs.

The rates of Ca’* efflux refer to the initial fast efflux rate during anaerobiosis (20).

*, Stress-susceptible breed; **, stress-resistant breed; results are means ¥ SD for the numbers of pigs used in

2+

parenthesis. The Ca“" efflux rates between the stress-susceptible and stress-resistant breeds were highly

significantly different (P <0.001).

Ca?* efflux (nmol/min/mg protein at 200C)

- Pj + Pj (2.50 mM)
Pietrain® 94 * 11 (12) 235 * 29 (12)
Poland China® 83 + 12 ( 5)
Large White™™ 40 + € (21) 131 + 12 (10)
Gloucester 01d Spot™™ 32 £ 10 (7) 123 + 23 ( 6)

In addition to differentiating stress-susceptibility in different breeds of pigs, Ca?* efflux measurements also
show that variation in stress-susceptibility exists within each breed. The data on the Norwegian Landrace pigs
(Figure 1) illustrate an excellent example of the occurrence of a wide spectrum in stress-susceptibility in

that particular breed. Of the five Norwegian Landrace pigs used, one showed a very fast mitochondrial efflux
rate of 220 nmol Ca?* per minute per mg protein (A), its LD muscle also exhibited the fastest rate of glycolysis

(measured by the rate of decline in tissue pH), and the highest amount of drip (3.14%) produced post-mortem.
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0f the other four pigs, two showed Tow values in the rate of Ca2+ efflux, rate of glycolysis (®,0) and drip
(1.16%) the remaining two pigs (®m, O ) exhibited intermediate values in the three parameters (Ca2+ efflux,
tissue pH and drip).

2+ efflux rates

Pietrains also showed variation in stress-susceptibility, with some Pietrains showing Ca
similar to those observed for stress-resistant breeds. This observation suggests that not all Pietrains are
stress-susceptible (Table 2).

Table 2: Ca2+ efflux from LD muscle mitochondria of Pietrain pigs.

The rates were estimated in the absence of P;; results are means + SD for the numbers of pigs used in

parenthesis.
Breed Halothane screening Caz+ efflux (nmol/min/mg protein at ZOOC)
MRI Pietrain Not screened 94 + 11 (12)
INRA Pietrain + 94 £ 15 ( 5)
MRI Pietrain Not screened 35 cea b 9)
INRA Pietrain - 42 + 4 ( 6)

Nine out of the twenty-one MRI Pietrains exhibited low Ca2+ efflux rates which were similar to those of INRA
Pietrain halothane non-reactors (values not significantly different between these two groups of Pietrain pigs).

Twelve MRI Pietrains showed high Ca2+ efflux rates corresponding to rates observed with INRA Pietrain halothane

2+

reactors (values not significantly different). The values of the high and low Ca® efflux rates were highly

significantly different (P <0.001).
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2. Ca2+ Efflux and Halothane Screening

Malignant hyperthermia can be induced in various breeds of stress-susceptible pigs by halothane. Anaes-
thesia with a mixture of oxygen and halothane was applied as a non-lethal test for predicting PSE in Dutch
Landrace pigs (24) and was also widely employed for differentiating stress-susceptible from stress- resistant

2+ efflux rate can be used as a reliable index for

pigs (25). The following data clearly illustrate that Ca
predicting porcine stress-susceptibility. Furthermore, this method has not the limitation in sensitivity
observed with halothane screening. Halothane screening gave rise to misclassification in porcine stress-

susceptibility which could be as high as 15%.

(a) ABRO Pietrain/Hampshires

Full sib pairs of Pietrain/Hampshires (equal numbers of halothane reactors and non-reactors) were supplied
by Dr Webb of ABRO. The pigs were killed at MRI, and prediction of halothane sensitivity was made from Ca2+
efflux rates prior to knowledge of the results of halothane test carried out by Dr Webb. Three out of twenty

Pietrain/Hampshires were misclassified by halothane screening (Table 3).

Table 3: Caz+ efflux from LD muscle mitochondria of ABRO halothane-screened Pietrain/Hampshires.

2+ 2

The rates of Ca“" efflux were expressed in nmol Ca‘* per minute per mg protein at 20°C in the presence of 2.50

a) and eight non-reactors(b) were correctly classified. The three misclassified

2

mM Pij. Nine ha]othane-reactors(
pigs are illustrated individually. Ca * efflux rates for halothane-reactors(a) and non-reactors(b) were high1ly

significantly different (P <0.001).

Pietrain/Hampshires ca?t efflux rate Prediction from Ca2+ efflux Halothane screening (Webb)
9 pigs 227 + 24 (9)2 + +
8 pigs N7 + 17 (8)° - .
1 pig 252 + .
1 pig 189 gt =
1 pig 110 - +

2+

The rates of Ca“" efflux and glycolysis (measured by the decline in tissue pH post-mortem) were directly related

2+ efflux rates were only associated with muscles showing rapid glycolysis, and Tow Ca2+ efflux

in that high Ca
rates with muscles having a slow rate of glycolysis (Figure 2). The misclassification by halothane is clearly

demonstrated in Figure 3, where a halothane non-reactor (a) exhibited an almost identical rate of Ca2+ efflux

and of glycolysis as the halothane reactor (®@).
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The data clearly illustrate the misclassification

by halothane screening in that the halothane non-

2+

reactor (@) showed similar rate in Ca efflux and

rate of glycolysis as the halothane reactor ().

The Calt efflux rates correlated very closely with the amount of lactate formed (Figure 4, correlation co-

efficient (R), = 0.91), drip produced (Figure 5, correlation coefficient (R) = 0.88),

ABRO PIETRAIN - HAMPSHIRE

320~ ® : HALOTHANE REACTOR
a : HALOTHANE NON-REACTOR
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Figure 4 : Relationship between Ca2+ efflux and
lactate formation.
Twelve pigs were used (six halothane reactors and

six non-reactors). Data include two pigs mis-

classified by halothane screening.
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Figure 5 : Relationship between Caz+ efflux and

drip produced post-mortem.
The data were obtained using the same pigs described
in the legend to Figure 4. Data include two pigs

misclassified by halothane screening.
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water-binding capacity (Figure 6, correlation coefficient (R) = - 0.80) and extracellular space (Figure 7))
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Figure 6 : Relationship between Ca2+ efflux and Figure 7 : Relationship between Ca2 efflux and
water-binding capacity. extracellular space.
The 'K' index refers to the meat/fluid ratio value Six pigs were used (three halothane reactors and
obtained by using the press method of Grau and Hamm three non-reactors). Data were determined from LD
(26). Values obtained from 24 hours post-mortem muscles at 24 hours post-mortem, and include one pig
sample using the same pigs as described in Figure 4. misclassified by halothane screening.
Ca2* efflux rates were also directly related to the rate of hydrolysis of creatine phosphate and of ATP.
2+

High Ca”™" efflux rates were only observed in LD muscles showing rapid rates of hydrolysis of creatine phosphate

and ATP, and Tow efflux rates with slow rates of creatine phosphate and ATP hydrolysis.

Ca2+ efflux rates correlated very closely with the quality of pork in that PSE was only observed with LD

muscles showing high efflux rates, and normal pork with muscles having low efflux rates (see Table 4).

Table 4: Relationship of Ca2*

efflux rates and quality of pork
The rates of Ca2+ efflux, expressed in nmol/min/mg protein, were estimated in the presence of 2.50 mM
Pi at 20%C. Values less than 160 are classified as stress-resistant, and values above this figure as stress-

susceptible. The results were obtained from the same ABRO Pietrain/Hampshire pigs described in the legend to

Figure 4.
Pietrain/Hampshires calt efflux Quality of pork Pietrain/Hampshires gt efflux Quality of pork
1897 147 Normal 1900 237 PSE
2002 101 " 1899 235 -
9914 122 L 2003 225 2
9918 115 L 2005 252 e
9993 110 " 9996 189 ’
9957 239 "

9890 260 u
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(b) ABRO Sire Line Pigs

As in the case of Pietrain/Hampshires, the results of the halothane test on the ABRO Sire Line pigs (27)
were unknown to us, but were confirmed after measurements of Ca2+ efflux rates with LD muscle mitochondria.
One out of the seven halothane-screened Sire Line pigs was misclassified. The LD muscle mitochondria of this
misclassified halothane non-reactor had a Ca2+ efflux rate of 210 nmol Ca2+ per minute per mg protein, which
based on Ca2+ efflux rate (see Table 1 and Table 3) would be expected to react positively with halothane. The
LD muscle of this misclassified pig showed a fast rate of glycolysis, a high value in drip (6.97%) and in

extracellular space (13.9%) and was also PSE.

(c) INRA Pietrain Pigs

Ca2+ efflux rates of LD muscle mitochondria of six halothane reactors and six non-reactors were measured in
collaboration with Dr Monin of Theix. One out of twelve pigs was misclassified by halothane screening in that

a halothane reactor showed an identical rate of Ca2+ efflux and rate of glycolysis to that observed for halo-

2+

thane non-reactors. With the exception of this single misclassified pig, all the Ca efflux rates correlated

2+

very closely with the halothane test in that high Ca efflux rates were only observed with halothane reactors,

which also showed rapid glycolysis post-mortem.

3. Biochemical studies of LD muscle mitochondria

In 1976, we reported the existence of a large difference in the LD muscle mitochondrial Ca2+ efflux rates
in stress-susceptible and stress-resistant pigs (20). Efforts have been made to seek a logical biochemical

explanation for the difference in Ca2+ efflux rates and the mechanism responsible for porcine stress and malig-
nant hyperthermia syndromes. Present evidence shows that LD muscle mitochondria from stress-susceptible pigs

2+ than mito-

had a 1imited capacity to accumulate Ca2+ at 409C, and were also more easily "uncoupled" by Ca
chondria from stress-resistant pigs. The induced "uncoupling" by Ca2+, which could be prevented by bovine
serum albumin, was probably caused by fatty acids released as a consequence of Ca2+—stimu1ated phospholipase
activity at high temperature, and that these fatty acids were also responsible for the enhanced rate of Ca2+
efflux at the onset of anaerobiosis in stress-susceptible pigs. Arrhenius plots of Ca2+-stimu1ated respiration
showed that mitochondria of LD muscle from stress-susceptible pigs had a much higher transition temperature
than those of LD muscle from stress-resistant pigs (26.6°C + 0.60 for stress-susceptible pigs (halothane
reactors) and 17.6°C + 0.65 for stress-resistant pigs (halothane non-reactors)). This implied that stress-
susceptible pigs probably contained less unsaturated fatty acids in the mitochondrial membranes than mito-

chondria from stress-resistant pigs (see 28).

Discussion

The reliability and sensitivity of Ca2+ efflux as a stress predictor was stringently tested and found to
correlate very closely with parameters associated with porcine stress and malignant hyperthermia syndromes.
Measurement of Caz+ efflux rates with murexide was shown not to have the Timitation of misclassification

observed with halothane screening, though the latter method is more convenient and less complicated than that of

C32+ efflux measurements. However, the biochemical procedure for assessing stress-susceptibility is in its
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Ca2+ efflux measurements have three dis-

infancy and no doubt could be simplified in the very near future.
tinct advantages over halothane screening i.e. greater accuracy, assessment of a wide range in stress-

susceptibility and prediction of PSE condition in some stress-resistant Large White pigs (29; see 25).

The existence of a difference either in the structural or functional integrity of the membranes between
stress-susceptible and stress-resistant pigs was shown by the difference in the transition temperature for the

2+ at high temperature, effects of halothane (20),

Ca2+-stimu1ated respiration, mitochondrial sensitivity to Ca
procaine (30) and spermine (31) on Ca2+ efflux rates, and bovine serum albumin on Ca2+ efflux and Ca2+—st1'mu1ated

respiration.

The release of Ca2+ from mitochondria was postulated by us to be the "trigger" responsible for the ulti-

mate formation of PSE and malignant hyperthermia (20). The evidence Just presented further substantiates our
original hypothesis. PSE and malignant hyperthermia syndromes can be explained in the following manner. At the
onset of anaerobiosis, ca?* is rapidly released from mitochondria. In stress-susceptible pigs, the transport

i from the mitochondrial matrix through the inner to the outer mitochondrial membranes activates the phos-

of Ca
pholipase resulting in the release of fatty acids, which then enhances the initial rate of Ca2+ efflux. The
sarcoplasmic reticulum is unable to fully accumulate the sudden burst of Ca2+ from mitochondria into the sarco-
plasm. The excess Ca2+ is then free to activate the phosphorylase kinase (32) and myofibrillar ATPase resulting
in an overall enhanced rate of glycolysis. The initial failure of the sarcoplasmic reticulum to fully compen-
sate the excess release of mitochondrial Ca2+ could be due to the following factors. Firstly, the enhanced

rate of Ca2+ release from mitochondria of stress-susceptible pigs is twice that of stress-resistant (i.e. normal)
pigs. Secondly, inactivation of sarcoplasmic reticulum activity by fatty acids released from mitochondria as a
consequence of the Ca2+—activated phospholipase activity. Thirdly, induction of a further release of Cal* from
the sarcoplasmic reticulum by the fatty acids released from mitochondria. Fourthly, further inactivation of the
sarcoplasmic reticulum by Ht (as a consequence of rapid glycolysis under the prevailing anaerobic conditions),
and high temperature (33). Thus the overall effect initially triggered by the mitochondrial Ca2™ is ultimately
responsible for the rise of serum Ca2+ in porcine malignant hyperthermia (34). PSE is brought about by rapid
glycolysis in low pH carcasses at high temperature resulting in denaturation of sarcoplasmic and myofibrillar

proteins. As in malignant hyperthermia, anxoia-induced Ca2+ release from mitochondria is the "trigger" for the

series of biochemical events ultimately leading to the formation of PSE.
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