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found to cause phase shifts in hamster locomotor activity 
rhythms, the magnitude and direction of which are de- 
pendent upon the time of administration in the animal's 
activity cycle 14. Diazepam also appears to block light-in- 
duced phase advances, at doses that do not block light- 
induced phase delays, in hamsters free-running in con- 
stant dark is. Alternatively, phase delays, but not 
advances can be blocked by bicucculine, a GABA antag- 
onist 16. Microinjections of muscimol, a GABA agonist, 
when directed to the anterior hypothalamic suprachias- 
matic nucleus (SCN), a putative circadian pacemaker, 
causes phase shifts in blinded hamsters which are similar 
in direction and magnitude to phase shifts induced by 
single injections of triazolam given to hamsters main- 
tained in constant darkness 17. The magnitude of the 
phase shifts induced by muscimol is dependent on the 
proximity of the microinjection to the SCN (Smith, 
Inouye and Turek, in press). In addition, phase advances 
induced by triazolam in the circadian rhythm of locomo- 
tor activity in golden hamsters can be abolished through 
lesions of the ventral lateral geniculate nucleus when this 
area includes the intergeniculate leaflet (IGL) is. The 
IGL sends afferent projections to the SCN, and is 
thought to be partially involved in the entrainment of 
activity rhythms to light/dark cycles 19. These results sug- 
gest that the SCN may have a role in the regulation of 
GABA-mediated phase shifts of the circadian rhythm of 
locomotor activity. Taken together these data provide 
further evidence for a GABA-mediated system involved 
in the regulation or generation of the circadian rhythm of 
activity in the golden hamster. 
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Summary. The opioid agonists morphine (selective for ~t-receptors) and ethylketocyclazocine (selective for kappa-re- 
ceptors), at concentrations evoking strong effects in neuronal structures, did not significantly affect the configuration 
of the intracellularly recorded action potential and the force of contraction in ventricular heart muscle isolated from 
guinea pigs, rabbits and man. These results suggest that any changes of heart functions in vivo in response to 
opioid-like drugs are probably not mediated postsynaptically at the myocardial cell membrane but rather presynap- 
tically, influencing the release of noradrenaline and/or acetylcholine from the nerve terminals. 
Key words. Heart muscle; opioids; morphine; ethylketocyclazocine; cardiac function; presynaptic modification. 

Morphine and other opioid-like drugs have been report- 
ed to influence hemodynamic parameters in vivo t, 2 and 
to depress cardiac functions in vitro 3- 2. The discovery 
of different subtypes of opioid receptors 6 and the evi- 
dence for the presence of enkephalins in the heart 7 have 

renewed the interest in the Study of opioids in this tis- 
sue s. Whereas the earlier in vitro studies can be best 
explained by the existence of postsynaptic g-receptors, it 
has been suggested more recently that the sympathetic 
axons innervating the sinus node of the rabbit possess 



338 Experientia 45 (1989), Birkh~user Verlag, CH-4010 Basel/Switzerland 

presynaptic opioid kappa- but not g- or delta-receptors 9 
Similar results were obtained in guinea pig atrial nor- 
adrenergic nerves 10. In preliminary studies in guinea pig 
left atria, we did not see any myocardial depressant 
effects of the delta-selective agonists leu-enkephalin 
and met-enkephalin or the sigma-selective agonist SKF 
10,047 up to concentrations of 10 lamol/1. We therefore 
focused our interest on the effects of g- and kappa-recep- 
tor activation, which was achieved by the addition of 
morphine and ethylketocyclazocine, respectively. We 
show here in different heart muscle preparations from 
mammalian species, including man, that opioids fail to 
influence cardiac function directly, which indicates that 
functional opioid receptors are not present postsynapti- 
cally in the heart or, at least, are of negligible signifi- 
cance. 
Materials and methods. The preparations were obtained 
from freshly stunned guinea pigs and rabbits, and from 
human patients undergoing open heart surgery for mitral 
valve replacement (for details see Eckel et al. 11). Right 
ventricular papillary muscles and strips of human left 
ventricular papillary muscles were electrically driven at 
I Hz (pulse duration 0.1 ms; voltage 10-15% above 
threshold) in Tyrode's solution (composition in mmol/h 
NaC1, 136.9; KC1, 5.4; MgClz, 1.05; NaH2PO4, 0.42; 
NaHCO3, 11.9; CaCI2, 1.8; glucose, 5.6) bubbled with 
95 % 0 2 and 5 % CO z at 37 ~ (pH 7.4). Action poten- 
tials were recorded intracellularly with conventional mi- 
croelectrode techniques and evaluated for resting poten- 
tial (RP), overshoot (OS), amplitude (APA), duration at 
20% and 90% of repolarization, APD2o and APD90 , 
respectively. The first time derivative (dV/dt) of the ac- 
tion potential was obtained by electronic differentiation 
and evaluated for dV/dtm, x . The force of contraction (F c) 
was recorded isometrically via an inductive force dis- 
placement transducer and a carrier frequency preamplifi- 
er. All signals were initially stored on FM tape machines 
and, for evaluation, transferred from the tape via a digi- 
tal transient recorder to an XY-recorder. The following 
drugs were used (sources in parentheses): morphine hy- 
drochloride (Merck, Darmstadt, FRG); (+)-ethylketo- 
cyclazocine mesylate (gift of Sterling-Winthrop, Rensse- 
laer, USA); naloxone hydrochloride (Endo Labs, New 
York, USA). 
Results and discussion. Morphine in cumulatively increas- 
ing concentrations up to 10 txmol/1 did not influence sig- 
nificantly the force of contraction or any action potential 
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Effects of morphine and naloxone on F c, APD and dV/dtm~ X in isolated 
human ventricular heart muscle. Original records under control condi- 
tions, 30 min after the addition of morphine, and 30 min after the addi- 
tion of naloxone (morphine still present). Stable microelectrode impale- 
ment during the course of the experiment (60 min). Any desensitization 
phenomena were excluded, since the effects of both morphine and mor- 
phine + naloxone were continuously observed for 30 min. 

parameters in ventricular preparations from guinea pigs, 
rabbits or man. The figure shows the original recordings 
of action potential, first time derivative of the action 
potential and the force of contraction of a human heart 
muscle preparation under control conditions and 30 min 
after the addition of morphine 10 ~tmol/1. The modest 
reduction in the force of contraction is probably unrelat- 
ed to an activation of morphine receptors, since further 
addition of naloxone 1 ~tmol/1 (30 rain) did not reverse 
this effect. Neither morphine nor naloxone decreased 
dV/dt . . . .  which is indicative of the absence of local anes- 
thetic effects. In addition, resting potential, overshoot 
and duration of the action potential remained fairly con- 
stant under all conditions. Both morphine and naloxone 
are obviously devoid of direct myocardial membrane ef- 
fects at these concentrations. The slight and continuous 
reduction in the force of contraction occurs also under 
control conditions and reflects a rundown phenomenon, 
which can be observed under any in vitro conditions; it 
varies quantitatively, depending on species, tissue, and 
experimental conditions. 
Morphine 10 gmol/1 and ethylketocyclazocine 10 ~tmol/1 
were equally ineffective in human papillary muscles. A 
summary of 5 and 2 experiments, respectively, is given in 
table 1. Similarly, neither morphine 10 gmol/1 in rabbit 
papillary muscles nor ethylketocyclazocine 10 gmol/1 in 
guinea pig papillary muscles were able to produce any 
significant changes of the action potential or the force of 
contraction in our experiments. A summary of 5 and 6 
experiments, respectively, is given in table 2. An earlier 

Table 1. Action potential parameters and force of contraction as influenced by morphine (10 lamol/1) and ethylketocyclazocine (EKC) (10 lamol/1) in 
human papillary muscles (means __. SEM) 

APA RP OS APD20 APD90 dV/dtm~ X Fc 
(mV) (mV) (mV) (ms) (ms) (V/s) (mN) 

Control (n=5) 114 __+ 2 - 8 4  ___ 1 30 _+ 1 167 ___ 16 392 + 23 128 ___ 17 0.73 _+ 0.35 
Morphine (n=5) 115 _+ 2 - 8 4  ___ 1 31 _ 1 168 + 14 383 + 21 137 _+ 19 0.67 _ 0.30 

Control (n=2) 122 -90  32 138 383 234 0.15 
EKC (n=2) 122 - 9 0  32 127 360 224 0.14 
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Table 2. Action potential parameters and force of contraction as influenced by morphine (10 lamol/I) in rabbit papillary muscles and by ethylketocy- 
clazocine (EKC) (10 tamol/l) in guinea pig papillary muscles (nreans _+ SEM) 

APA RP OS APD20 APD90 dV/dtma ~ FC 
(mY) (mY) (mY) (ms) (ms) (V/s) (raN) 

Control ( n - 5 )  111_+3 - 8 3 ! I  26_+2 65+_5 165-t-13 228_+33 0.68_+0.15 
Morphine ( n - 5 )  111 _+ 3 - 8 3  _+ 1 26 i 3 66 _+ 6 166 _+ 12 235 +_ 31 0.66 • 0.15 

Control ( n - 6 )  129 _+ 1 - 9 0  _+ 0 39 • 1 94 _+ 5 175 _+ 6 225 _+ 28 0.1 • 0.016 
EKC ( n - 6 )  131 _+ 2 - 9 0  _+ 0 41 • 2 90 _+ 6 174 _+ 7 231 • 30 0.09 • 0.011 

report 5 on the effects of  morphine on rabbit papillary 
muscles has demonstrated a small negative inotropic ef- 
fect which was eliminated upon the addition of  naloxone 
0.1 lamol/1. The morphine-induced negative inotropy 
was, however, not seen in the presence of atenolol 
1 gmol/1, which led the authors to conclude that the ef- 
fect of  morphine on cardiac contractility was mediated 
by an indirect effect, located presynaptically at the adren- 
ergic nerve terminals. This interpretation, however, is in 
conflict with the results of  Starke et al. 9 and Fuder 
et al. 1~ who have shown that the inhibition of nor- 
adrenaline release by opioids is mediated by kappa- 
receptors and not by g-receptors. An alternative explana- 
tion for the results of  Saxon et al. 5 would be an interac- 
tion between morphine and fl-receptor activation affect- 
ing the adenylate cyclase. To test this possibility, we also 
investigated the interaction between morphine 10 gmol/1 
and isoprenaline 30 nmol/[. Under these conditions also, 
however, morphine failed to affect either the action po- 
tential or the force of  contraction in human and guinea 
pig papillary muscles (not shown). We, therefore, favor 
the view that the action of the heart is not directly regu- 
lated by the release of  endogenous opioids. This is unre- 
lated to the possibility that endogenous opioids may sig- 
nificantly alter cardiac function by modulation of the 
release of  noradrenaline 8-10 or acetylcholine 12 - ~ s. 
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Summary. Complete muscle cross sections were obtained from the proximal and distal third regions of ten rat extensor 
digitorum longus muscles. Electrophoretic methods were then used to quantify the various myosin isozymes and light 
chains in each muscle specimen. The results demonstrated that the relative distribution of the various myosin isozyme 
and light chain variables do not vary significantly between the two sampling regions. 
Key words. Myosin light chains; myosin isozymes; skeletal muscle. 


