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Laboratory
Investigation

Temperature-dependent
effects of halothane
and 1soflurane on the
1solated left atrium

M.L. Laorden,f F.S. Miralles,* M.D. Cérceles,*
J. Hernandez,t M.M. Puig,}

The aim of the present study was to examine whether changes in
temperature alter the effects of halothane and isoflurane on
isolated left atria. Concentration—response curves for inotropic
effects at different temperatures (30° C, 37° C, 40° C) on
electrically stimulated left atria of the rat were obtained. The
change of temperature modified the maximal negative inotropic
response to halothane. The maximal decrease induced by
halothane was 12 + 2.3 per cent at 37° C and 18 * 2.5 per cent
at 30° C. When the temperature increased up to 40° C the
maximal decrease of atrial inotropism was 46 * 2.1 per cent -
significantly higher than obtained at 37° C. However, the
maximal effect obtained by isoflurane was not significantly
affected by temperature (30° C =7 * | .6 percent; 37°C = 8 +
1.8 per cent; 40° C = 2 x 0.8 per cent). Furthermore the
potency of halothane (expressed as the concentration which
produced 50 per cent inhibition — IC 50 per cent), decreased
significantly at 30° C (1C 50 = 1.34 = 0.18) and increased at
40° C (IC 50 = 0.44 * 0.17) when compared with its potency at
37° C(IC 50 = 0.96 + 0.08). On the other hand changes in
temperature did not significantly modify the IC 50 for isoflurane
obtained at 37° C. These data demonstrated that the maximal
effects of halothane but not those of isoflurane on the left
atria preparation were modified by change in temperature, the
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potency of halothane but not of isoflurane increased significant-
ly with increases in temperature of the organ bath.

Le but de la présente étude était d' examiner si les changements
de la température altérent les effets de I'halothane et de
Uisoflurane sur I'oreillette gauche isolée. Les courbes de
concentration-réponse pour les effets inotropes a différentes
températures (30° C, 37° C, 40° C) sur I' oreillette gauche de rat
stimulé électriquement furent obtenues. Le changement de tem-
pérature a modifié la réponse inotropique négative maximale
a I"halothane. La diminution maximale induite par I' halothane
était de 12 * 2,3 pour cent @ 37° C et 18 £ 2,5 pour cent d
30° C. Quand la température augmenta jusqu'a 40° C la
diminution maximale de I’ inotropisme de [' oreillette était de 46
* 2.1 pour cent significativement supérieure que celui obtenu a
37° C. Cependant I’ effet maximal obtenu par I'isoflurane n' était
pas significativement affecté par la température (30° C = 7 *
1,6 pour cent; 37° C * [,8 pour cent; 40° C = 2 £ 0,8 pour
cent). De plus la puissance de I' halothane (exprimé comme étant
la concentration qui produit 50 pour cent d'inhibition — 1C 50
pour cent), diminua significativement d 30° C (IC 50 = 1,34
0,18) et augmenta a 40° C (IC 50 = 0,44 * 0,17) lorsque
comparée & sa puissance a 37° C (IC 50 = 0,96 * 0,08).
D’ autre part les changements de température n’ ont pas modifié
significativement le IC 50 pour I'isoflurane obtenu a 37° C. Ces
donnés démontrent que les effets de I'halothane et non ceux de
l'isoflurane sur la préparation d'oreillette étaient modifiés par
les changements de température; la puissance de l' halothane et
non celle de U isoflurane augmenta significativement avec I’ aug-
mentation de la température.

The consequences of changes in temperature on the
activity and dose requirements of volatile anaesthetics are
poorly defined. However, it is known that the minimal
alveolar concentration (MAC) of volatile anaesthetics (as
a measure of anaesthetic requirement) increases during
hyperthermia' and decreases with hypothermia.? It is
known that hypothermia decreased metabolic heat pro-
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duction, increased heat loss to the environment from
cutaneous vasodilatation, surgical exposure, and dry
respiratory gases and reduced compensatory responses
(vasoconstriction, shivering and nonshivering thermo-
genesis) due to hypothalamic suppression and the effects
of muscle relaxants.’ Moreover, in vitro studies have
shown that halothane induces calcium-dependent contrac-
tures in the rat soleus muscle between 4° C and 13° C, but
not at higher temperatures.?

The aim of the present study was to examine whether
changes in temperature alter the effects of halothane and
isoflurane on isolated left atria.

Methods
The experiments were carried out using the isolated left
atria preparation. Male Sprague-Dawley rats of either sex
and weighing 150-200 g were stunned by a blow to the
head and immediately decapitated. The chest was opened
by a midsternal incision and the left atrium was isolated by
a technique similar to that described by Furchgott.® A
30-ml Allihn tube was used as the organ bath, the porous
base plate had pore diameters between 3 and 5 um, to
allow effective aeration. Tyrode solution of the following
composition (mM) was used: NaCl 163.9, KCI 5.0;
MgCl, 1.05; CaCl, 1.8; NaH,PO, 0.4; NaHCO, 11.9;
dextrose 5.0. The bathing solution was maintained at 30°
C, 37° C and 40° C respectively, and bubbled with 95 per
cent O, and 5 per cent CO,. The left atrium was placed
under a resting tension of 0.5 g and was electrically
stimulated by a Grass SD-9 stimulator by means of two
platinum ring electrodes with rectangular pulses at a
frequency of 0.2 Hz, duration of 5 msec and supramaxi-
mal voltage (30 V) for 30 min before starting the experi-
ment. The force of contraction of the left atrium was
measured using a force displacement transducer (Grass
FT 03) and was recorded on a Beckman Dynograph
polygraph. After a 30-min stabilization period cumulative
concentration response curves were established. Each
drug concentration was added to the organ bath at three-
minute intervals. Control experiments without drugs at
30°C, 37° C and 40° C were performed and there were no
changes in the force of contraction during the experiments.

The drugs used in this study were halothane (ICI) and
isoflurane (Abbott). When the volatile anaesthetics were
used the O,/CO, gas mixture was delivered through BOC
vaporizers, and the gas flow was adjusted to deliver a
given concentration with an Engstrom Emma multigas
analyzer. The range of concentrations tested was from 0. |
to 2.5 v/v per cent. A drug effect was defined as the
maximal change in the force of contraction recorded in the
two minutes following addition of each drug to the
bathing solution.

The results are expressed as percentages relative to the
control values of force of contraction of the preparation.
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FIGURE 1 Effect of halothane at different (emperatures: 30° C
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on the atrial inotropism.

Log dose-response curves were used to determine the
inhibitory concentration 50 (IC 50) (the concentration of
volatile anaesthetics which produce half of the maximal
inhibition of the force of contraction) at 30° C, 37° C and
40° C. Statistical analysis was performed by a two-way
analysis of variance (ANOVA) for intergroup compari-
sons between doses and drugs, with Student’s t test for
individual comparison. An analysis of linear regression
with the log of response for the estimation of IC 50 was
also used. A P-value less than 0.05 was considered to
indicate statistical significance.

Results

Effects of halothane on contractile force
Concentration—response curves for halothane obtained at
different temperatures are illustrated in Figure 1. At37°C
all tested concentrations of halothane, except 0.1 v/v per
cent, induced significant (P < 0.01) decreases in the atrial
force of contraction when compared with control. At 30°
C atrial force of contraction did not change at halothane
concentrations ranging from 0. 1 -2 v/v per cent, but at the
highest concentration tested (2.5 per cent) a small (18 +
2.5 per cent) but significant (P < 0.01) decrease was
observed. At 40° C the force of contraction was depressed
significantly from control values at 0.5, 1, 1.5, 2, and 2.5
per cent halothane.

The change of temperature modified the maximal
negative inotropic response to halothane. The maximal
decrease was 12 = 2.3 percentat 37°C, 18 * 2.5 per cent
at 30° C, and 46 * 2.1 per cent at 40° C (P < 0.001)
(Table I).

Effects of isoflurane on contractile force

Similar concentration—response curves were constructed
for isoflurane. At 37° C the atrial force of contraction was
not changed with isoflurane at low concentrations (0.1-
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FIGURE 2 Effect of isoflurane at different temperatures: 30° C
(W---B,n=5),377C(@®---@, n=6)and40°C (A---A, n = 5)
on the atrial inotropism.

0.3 v/v per cent) but a small (8 = |.8 per cent maximum)
but sigificant (P < 0.05) decrease was seen at 2 per cent
(Figure 2).

The maximal effect obtained by isoflurane was not
significantly affected by temperature (30°C = 7 = [.6 per
cent; 37°C = 8 = 1.8 per cent; 40° C = 2 * 0.8 per cent)
(Table I).

The concentrations of halothane that caused a 50 per
cent decrease in atrial inotropism (IC 50) at different
temperatures are summarized in Table II. At 37° C the IC
50 for halothane was 0.96 + 0.08. Studies performed at
30° C and 40° C demonstrated a statistically significant
change in the potency of halothane. At 30° C the IC 50 for
halothane was 1.34 = 0.18 — significantly higher than

TABLE! Effects of the maximal inotropic response (E Max) to
halothane and isoflurane at different temperatures

Halothane Isofturane
T°C)  E Max Change P EMax  Change P
37 1223 — — §+x1.8 — —
30 18£2.5 6 NS 716 | NS
40 4621 34 0.0l 2+x08 6 NS

n =5 for each group except for halothane (n = 8) and isoflurane;
(n=6)at37°C.

TABLE 1l Effects of temperature on the potency of halothane tested
upon isolated left atria

Temperature (°C)

30(n=28) 37(n=135) 40(n=35)
IC 50 1.34 0.18 0.96 = 0.08 0.44+0.17
Relative potency 0.71 1 2.1

*Significantly different from response at 37° C; P < 0.05.
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obtained at 37° C. However, at 40° C halothane was twice
as potent as the control value (37° C). On the other hand
changes in temperature did not significantly modify the IC
50 for isoflurane obtained at 37° C.

Discussion

This study demonstrated that the effects of halothane but
not those isoflurane on the left atria preparation were
temperature-dependent. The potency of halothane in-
creased significantly with increases in temperature of the
organ bath. The range of temperature in this study (30°C,
37°C and 40° C) was chosen because it included the range
of temperature experienced by patients during surgery or
in the immediate postoperative period.

The effects of temperature on dose requirements of
drugs are the result of changes in both pharmacokinetic
and pharmacodynamic variables. That is, temperature
may change the distribution, biotransformation or excre-
tion of drugs, or the interaction with their ultimate sites of
action. We have studied the effects of hypo- and hyper-
thermia on the potency of halothane and isoflurane on the
isolated left atria. The isolated left atria is a classical
method which is widely used to assess the inotropic effects
for drugs.®” In the present in vitro model the negative
inotropic effects induced by halothane but not by iso-
flurane were sensitive to changes of the temperature in the
medium. Our results demonstrated that larger doses of
halothane were needed to produce a given effect during
hypothermia, while lower doses were needed during
hyperthermia. In contrast, several studies have demon-
strated that the MAC of volatile anaesthetics is reduced
during hypothermia.8-® It is reduced in a different degree
related to the anaesthetic liposolubility.? When the tem-
perature decrease from 37° C to 27° C the MAC for
halothane, isolflurane and methoxyflurane was reduced
about 50 per cent.? On the other hand there is a positive
correlation between temperature (ranging from 37.3°Cto
40.7° C) and the MAC of halothane. The MAC increases
by about eight per cent for each centigrade degree
increment of temperature. However, when temperature
increases above 42° C the value of MAC not only does not
increase but is reduced. ' The discrepancies between these
two results could be related to the different models used in
each study; in vitro experiments are devoid of compen-
satory mechanisms and pharmacokinetic effects which
are present in in vivo models. These mechanisms would
influence the direct effect of a given drug. The tempera-
ture-dependent change in the activity of volatile anaes-
thetic also could have been caused by several events at the
effector site. Pharmacokinetic changes can be ruled out
since this in vitro preparation does not metabolize or
redistribute the volatile anaesthetics. However, variations
in temperature could have altered the binding character-
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istics of receptors. Although no specific binding sites or
receptors have been described for volatile anaesthetics,
recently we have demonstrated a synergistic interaction
between halothane and morphine in the guinea pig
myenteric plexus longitudinal muscle preparation, sug-
gesting that the potentiation is related to events occurring
at the opioid receptor complex.'® It is possible that
hyperthermia may also differentially alter the affinity of
opioid receptors for agonists and antagonists.'' Thus, we
demonstrated in a previous study that higher concentra-
tions of morphine are needed at the opioid receptor during
hypothermia.'? Therefore we need to take into account
the possibility that our higher experimental temperature
(40° C) could induce changes in opioid receptor affinity
and the possibility that the negative inotropic effect
induced by halothane may be mediated, at least in part, by
the opioid receptor complex. In this way we have
previously demonstrated that naloxone (opioid antagonist)
antagonized the inotropic negative effects induced by
halothane. '3

Another possible mechanism whereby volatile anaes-
thetics produce a negative inotropic effect in normal
cardiac muscle is related to alterations in calcium ion
flux.'* The maximal effect obtained with isoflurane was
not significantly affected by increases of the temperature.
The difference between isoflurane and halothane could be
explained according to different action mechanisms.
Halothane appeared to have calcium channel blocking
activity'> while isoflurane appeared to affect intracellular
calcium kinetics more. '¢

References

| Steffey EP, Eger EI Il. Hyperthermia and halothane
MAC in the dog. Anesthesiology 1974; 41: 392-6.

2 Vitez TS, White PF, Eger El Il. Effects of hypothermia on
halothane MAC and isoflurane MAC in the rat. Anes-
thesiology 1974, 41: 80-6.

3 Flacke W. Temperature regulation and anesthesia. Int
Anesthesiol Clin 1963; 2: 43-54.

4 Bruton JD, Anwyl LR, Mcloughlin JV. Action of halothane
on rat soleus muscle: temperature dependent induction
of contractures and modification of caffeine and potassium
contractures. Br J Anaesth 1986; 58: 915-8.

S Furchgott RF, Kierpekar SM, Rieker M, Schwag A. Ac-
tions and interactions of norepinephrine, tyramine and
cocaine on aortic strip of rabbit and left atria of guinea pig
and cat. ] Pharmacol Exp Ther 1963; 142: 39-42.

485

6 Blinks JR. Convenient apparatus for recording contrac-
tions of isolated heart muscle. J Appl Physiol 1965; 20:
755-17.

7 Kunos G, Nickerson M. Effects of sympathetic innervation
and temperature on the properties of rat heart adrenoceptors.
Br J Pharmacol 1977; 59: 603-4.

8 Regan MJ, Eger El I1. Effect of hypothermia in dogs on
anesthetizing and apneic doses of inhalation agents. An-
esthesiology 1967; 28: 689-700.

9 Eger RR, Eger El 1. Effect of temperature and age on the
solubility of enflurane, halothane, isoflurane and methoxy-
flurane in human blood. Anesth Analg 1985; 64: 640-2.

10 Puig MM, Warner W, Tang CK, Lovitz BS, Turndorf H.
Synergistic interaction of morphine and halothane in the
guinea pig ileum. Anesthesiology 1988; 68: 559-62.

Il Creesel, Pasternak GW, Pert CB, Snyder SH. Discrim-
ination by temperature of opiate agonists and antagonist
receptor binding. Life Sci 1975; 16: 1837-42.

12 Puig MM, Warner W, Tang CK, Laorden ML, Turndorf
H. Effects of temperature on the interaction of mor-
phine with opioid receptors. Br J Anaesth 1987; 59: 1459-64.

13 Cdrceles MD, Miralles FS, Laorden ML, Hernande:z J,
Micol J. Efecto inotrépico negativo del halotano: Inter-
accién halotano-naloxona. I Congreso Hispano-Francés de
Anestesiologia y Reanimacién. Pamplona, Spain 1988.
pp 399.

14 KomaiH, Rusy BF. Negative inotropic effects of isoflurane
and halothane in rabbit papillary muscle. Anesth Analg
1987; 66: 29-33.

15 Lynch C, Vogel M, Sperelakis N. Halothane depression of
myocardial slow action potentials. Anesthesiology 1981,
55: 360-8.

16 Lynch C. Differential depression of myocardial contractil-
ity by halothane and isoflurane in vitro. Anesthesiology
1986; 64: 620-31.



