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Brief Communication

MALIGNANT HYPERTHERMIA IN PIGS MODIFIED BY
LOW-POTASSIUM DIETS

In a recent investigation, malignant hyperthermia susceptible
pigs fed purified diets, developed a delayed and modified malig
nant hyperthermia (MH) syndrome during halothane anaesthe
sia (J¢rgensen 1982). Compared with the control feed used the
purified diets contained different levels of protein and low
amounts of potassium and lipids.

Based on these findings a preliminary investigation on the
effect of dietary levels of potassium and lipids was carried out
on malignant hyperthermia susceptible Danish Landrace pigs.
Two pigs were fed a conventional diet containing 5.3 g K/FUs

(feed unite for swine) and 36 g crude fat/FUs, and six pigs were
fed a casein diet containing 1.2 g K/FUs and 5 g fat/FUs (J¢r

gensen 1982). Two of these pigs were supplied with KCI, and two
pigs with oleum arachidis to raise the daily intake of potassium
and lipids to those of the controls. The investigation also com
prised two pigs fed a protein-deficient diet. The pigs were sub
jected to weekly episodes of halothane anaesthesia during which
venous blood acid-base balance was measured on a Radiometer
BGA3 blood-gas analyzer. Estimation of base-excess was done
according to Siggaard-A tulersen (1963). After a period of four
weeks (five weeks in the controls) the animals were killed by

Tab I e 1. M. longissimus dorsi potassium (mmoI/kg fresh muscle),
average anaesthetic time for development of malignant hyperthermia
(rnin .) , and base-excess (mmol/I) in venous blood at 2, 5, and 10 min.

after start of halothane anaesthesia.

Base-excess, min.
Pig Diet J{ Duration of
no. anaesthes ia 2 5 10

711 Control 102,4 4.3 -6.1 -12.4 -16.3
712 Control 108.7 2.0 -11.1 -15.0 -15.8
715 Casein 97.3 11.5 -8.6 -8.8 -10.0
716 Casein 68.5 11.4 -0.3 -3.0 -4.0
717 Casein + KCI 106.1 3.0 -7.4 -14.9 -19.3
718 Casein + KCI 105.0 3.8 -7.2 -12.1 -13.9
719 Casein + lipids 72.8 7.5 -2.3 -3.4 -6.7
720 Casein + lipids 67.2 10.5 +1.8 +0.8 -3.1
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Fig u ret. Base-excess (average at 2, 5, and 10 min. after start of
anaesthesia) and m. longissimus dorsi potassium in malignant hyper
thermia susceptible pigs. Controls (0) . Casein diet (.) . Casein diet
+ KCI (0). Casein diet + lipids (.) . 0 and 0 symbolizes normal,

• and • low potassium supply.

hleeding in thiomebumal anaesthesia and m. longissimus dorsi
potassium determined according to Jprgensen (1981).

The average duration of anaesthesia before appearance of MH
during the third and fourth week (third to fifth week in con
trols) and base-excess in relation to anaesthesia of protein-sup
plied pigs are given in table 1. M. longissmius dorsi potassium
levels are also included in the table. Three of the four pigs fed
low potassium diets had low muscle potassium levels, and in
all of the four pigs MH was delayed. In pigs fed normal levels
of potassium the concentration of potassium in m. longissimus
dorsi was comparable to that observed in conventionally fed pigs
(Aitken 1976, Jprgensen 1981). The correlation between base
excess at 2, 5, and 10 min. after anaesthetic start and m. longis
simus dorsi potassium is highly significant (r2 = 0.88, 0.95, and
0.89 respectively, P < 0.001) . Figure 1 further illustrates the
relationship between muscle potassium and base-excess (average
value at 2, 5, and 10 min.). Low muscle potassium levels, caused
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by a low dietary content and a possible increased renal excretion
of the potassium element during repeated anaesthetic episodes,
are accompanied by a less pronounced metabolic acidosis during
halothane anaesthesia.

With respect to anaesthetic time the regression on muscle
potassium is less clear (r2 = 0.53, 0.05 < P < 0.1). Furthermore
MH is delayed in protein-deficient animals with normal M. Ion
simus dorsi potassium levels (99 mmcl/kg) , indicating that
other factors than potassium depletion may be responsible for
a delayed MH.

The specific mechanisms of a modified metabolic acidosis
during MH in potassium depleted animals are unclarified. They
may in part be secondary to an extracellular metabolic alkalosis
in depleted animals (Welt et al. 1960), or they may be a primary
effect of potassium depletion on cell membrane characteristics
and intracellular amino acid metabolism.

ACKNOWLEDGEMENTS
The investigation was supported by the Danish Agricultural and

Veterinary Research Council. The purified diets were kindly prepared
by the Dispensary of The Royal Veterinary and Agricultural Univer
sity, Copenhagen.

Preben Fogd Jprgensen
The Department of Veterinary Physiology and Biochemistry,
Royal Veterinary and Agricultural University, Copenhagen, Denmark.

REFERENCES
Aitken, F. C.: Sodium and Potassium in Nutrition of Animals. Tech

nical Communication no. 26. Commonwealth Bureau of Nutri
tion. Commonwealth Bureaux, Slough 1976.

Jprgensen, P. F. : Muskelfunktion hos svin. Et enzymatisk-hiokemisk
genetisk studium over muskeludvikling, muskelkomposition og
stress-Ielsomhed. (Muscle function in swine. An enzymatic-bio
chemical-genetic study on muscle development, muscle compo
sition, and stress-susceptibility). Carl Fr. Mortensen, Copenha
gen 1981.

Jprgensen, P. F.: Influence of nutrition on malignant hyperthermia in
pigs. Acta vet. scand, 1982, 23, 539-549.

Siggaard-Andersen, 0. : Blood acid-base alignment nomogram. Scand.
J. clin. lab. Invest. 1963, 15, 211-217.

Welt, L. G., W. Hollander & W. B. Blythe: The consequences of potas
sium depletion. J. chron, Dis. 1960, 11, 213-254.

(Received November 8, 1983).

Reprints may be requested from: Preben Fogd Jergensen, the Depart
ment of Veterinary Physiology and Biochemistry, Royal Veterinary
and Agricultural University, Biilowsvej 13, DK-1870 Copenhagen V,
Denmark.




