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PREVENTION OF STRESS AND HAIOT

HANE-TNDUCED

MUSCLE DAMAGE TN PIGS
; LEOO@EDWANDEPBYSLDVMANDANIUNJM‘EN’EAU
DEPT., VET. PI"I.*'—‘LH\"IACXJIDGY AND APPLTED PHARMACOLOGY

d. ANSSEN P‘{ARMACEI}‘TICA

Introduction, Maligrant hyperthermia is associated with

a nvopa*m opathy especially in stress—susceptlble pigs, but
2180 in man and other anmimal species. It is triggered
by drugs and envirormental stress (high temperature,
emotional excitement, exercise and muscle injury).

Triggering drugs include potent inhalation anaesthetics,

skeletal muscle relaxants and local amide ar@esthetics.
Triggering resulis in miscle stiffness (espeeially in
pigs), hyperthermia, tachycardia, hyperventilation,
mottled cyanosis of the skin and metabolie acidosis.,
The clinical syndrome is aggravated by sympathomime-
tics, parasympatholytics, cardiac glycosides and cal-
cium salts. Amelicration is obtalinable by caleium low—
ering agents. The abnormality that could account for
the rapid rise in myoplasmic calcium concentration is
rot yet known; the possibilities are multiple, A de-
fective accumlation of caleium in the SR (sarcoplas-
mic reticulum) or the mitochondria, and/or an excessi-
vely fragile sarcolemmz with passive diffusion of cal-
cium into the myoplasm from the extracellular fluid
are possible mechanisms of actiom.

We showed that 5-HT, antagonists can prevent halo-
thane-induced nangmn% hyperthermia and alsc exercise-
induced muscle damage in stress-susceptible pigs.
‘-ﬁ;thod 1. Halothane-induced melignant hyperthermia.
Piétrain pigs (+ 20 kg body weight) were injected with

a.m:agomsts or isotonic saline before (=30 min)

expogure to 12 min halothane anaesthesia (4% halothane
during first 5 min followed by 2-3% halothane). Clini-
cal observations (cyanosis and muscle stiffness) were
canbined with measurement of rectal temperature. Blood
samples zand muscle biopsies were taken before and 19
mn af'ter start of anaesthesia. In a few pigs the sys-
tolic, diastolic blocd pressure and the venous disten—
sibility were also measured by plethysmography. The
central venous pressure, the respiratory rate and the
tidal volume were continuously recorded.

2. Exercise induced muscle damage. Belgian
ILandrace pigs and PiStrain pigs (+ 80 kz) were injected
with 5-HT., antagonists or with isotonic saline 20 min
before ing on 2 treadmill for 10 min (speed: 6 km/
h). Each pig was tested with saline and with 5—HT2 an-
tagonists. Blood samples (venous blood) were takeh be-
fore running, immediately after running and ! hours
later from a catheter (jugular vein) implanted at least
10 days befare the first exposure to exercise stress.
Results. Balothsne—induced maligrant hyperthermia sus-
ceptible pigs preireated with 5-HT, receptor blocking
agents (0.25-0.5 mg/kg) &l11 survived a subsequent ex-
posure to halothane. No muscle stiffness was cbserved.
Rectal tomperature incressed by 0.2 to 0.4°C or de-
creased below the initial recfal temperature. Measured
plasma vslues did not change significantly. Without
pretreatment, all pigs showed the ‘_v‘c"cal clinical sym
drome of MH: muscle stiffness 30 sec to 3 min after
the application of halothane, nypet't"‘aenm (42.5-44°c)
and blotehy cyanosis of the skin, All pigs died after
2 variable time period (12-U40 min). Plasma values of
potassium, caleium, inorganic phosphate, lactate and
cholesterol were significantly increased. Electron mi-
croscopy of museles of non pretreated pigs showed
swollen mitochondria with a clear increased calcium
content. In pretreated pigs no morphological damage
was seen. The calcium content of the mitochondriz was
oniy moderately increased. In control pigs, exposed to
halothane, a significant decrease in venous distensi-
bility accompanied with a high increase in peripheral
resistance and central vencus blood pressure was seen,
This mcrease in peripheral resistance was accompanied
with a significant increase of arterizl blcod pressure
(systolic and diastolic). & few mimutes before the ani-
mals died, arterial blood pressure (systolic ard dia-
stolic pressure) decreased sharply. A decreased cool-
ing of the muscles by a decreased blood flow through
the muscles and the skin is most probably involved in

2340 BEFRSE, BELGIIRM

the development of hyperthermia. Pigs pretreated with
a 5-HT, antagonist activity showed an increase of the
venous - distensibility and no significent increase of
the peripheral resistance. Arterial and central venous
blood pressure did not change significantly. In the
treadmill experiments, pigs pretreated with isotonic
saline showed after 10 min a siglif'icmt increase of
blood lactate, base excess, potassium and inorgamie
te. After 4 hours, IDH arnd CPK values were sig-
n:i_"lcar‘t;s inereased. These blood values had only mo-
derately increased after pretreatment with 5-HT, anta-
gonists. The % of increase depends on the potenéy of
the substance as a 5-H[., antagonist and on other phar-
macological properties gf the same substance (alph= 1
antagonism, dopamine antagonism, alpha 2 agonist acti-

vity).
Dlscussmr. S-HT. sis prevent the develomment
o“ mal. *’tha in susceptible pigs and also

miscle damge in pigs submitted to physical stress.

In vitro owr substances did not show a protective ac-
tivity on halothane (1%) nor on caffeine (2 mM) in-
duced contractions. The response was stated on isolat-
ed muiscles in vitro. In vivo, stress and the sympathe-
tic nervous system are obvicusly irtimately involved
in M and miscle damage in pigs. PiStrain pigs are
extremely sensitive to alpha adrenergic stimmiation
and develop a fatal hyperthermia, Serotonin has shown
to be involved in the stimilation of motorneurones and
alsc in the development of tremor and myoclorms, Sero-—
tonin has besn shown to reverse blockade induced by
the nondepoiarising agents and hemicholindim and to
potertiate biockade produced by the depolarisers. 413
of these neuromuscular actions of serotonin can be
prevented by the administration of methysergide, In
rats combination of imipramine (5-HT uptake blocker)
plus serotonin resulted in a pattern of muscle necro-
sis resembling strongly the lesions of Duchenne-type
muscular dystrophy. Serotomin is also involved in
muscle necrosis in the functional ischaemic skeletal
muscle ard also in the development of degenerative
changes in the skeletal muscie. What is most dmportant
in the development of MH: a primeriiy abnormal membra-
ne structure as suggested by in vitro experiments oran
inereased release or decreased metaboliam of serotonin or
both? In experdimentsl animals it has been shown that
halothone ir&ibits the uptake of serotonin in the
lumgs and by the platelets. ilso a direct Irvolvement
of serctonin on the isbilization of skeletal muscle
memprane is possible. Serotomin is also irwolved in
the increase of peripheral resistance and decrease of
local blocd flow. The local hypoxia, as a conseguence
of decreased peripheral blood flow, certainly plays a
roie in the damage of cell mambranes and necrosis of
the miscle cells as shown by electron microscopy amd
2glso in the ansercbic metahoiism-as shown by wehlgn
la"i:a.,e cormezrt. ¥More details will oe preser,nd
ﬁﬁﬁﬁ??ﬁxme of MH and exercise- :mduceﬁ muscle
damage.
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