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The cytoplasmic location of prothymosin alpha is in 
agreement with the known release of prothymosin alpha 
in blood plasma s and thymosin alpha 1 crossreactive 
material in serum 22 by an as yet unknown mechanism. It 
is speculated that thymosin beta 4 is also a cytoplasmic 
polypeptide as it has been found in human plasma at 
higher than prothymosin alpha levels 23 
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/~-Methyl carboline, a benzodiazepine inverse agonist, attenuates the effect of triazolam on the 
circadian rhythm of locomotor activity 
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Summary. The benzodiazepine triazolam, the benzodiazepine inverse agonist, fl-methyl carboline (fl-CCM) or both, 
were administered to adult male hamsters under conditions of constant light. When given alone, triazolam induced 
phase advances in the circadian activity rhythm of about 90 min, while fl-CCM when given alone, had no effect on 
phase of the activity rhythm. However, when triazolam and fl-CCM were given at the same time, the magnitude of 
the phase advances induced by triazolam were attenuated to about 30 min. These data, in conjunction with previous 
results, provide pharmacological evidence for a GABAergic system involved in the regulation of a central circadian 
pacemaker. 
Key words. Benzodiazepine; circadian rhythm; gamma-aminobutyric acid; inverse agonist; suprachiasmatic nucleus; 
triazolam. 

In the absence of environmental time cues, a single in- 
traperitoneal injection of the relatively short-acting ben- 
zodiazepine, triazolam, can induce either phase advances 
or phase delays in the circadian rhythm of the onset of 
locomotor activity in the golden hamster. Whether an 
advance or a delay occurs in response to triazolam de- 
pends upon the phase of the animal's activity cycle at 
which the drug is administered: phase advances of the 
activity rhythm can be induced if an injection of triazo- 
lam is administered within 6 h before the onset of activ- 

ity, while phase delays can be induced if triazolam is 
given 6 -9  h after the onset of activity 1 The phase- 
shifting effects of triazolam on the hamster activity 
rhythm are also dose-dependent 2 and can be blocked by 
Ro 15-1788, a benzodiazepine antagonist 3. 
Triazolam is a member of the family of triazolobenzo- 
diazepines that act by potentiating the effects of the 
inhibitory neurotransmitter gamma-aminobutyric acid 
(GABA) 4, 5. A second triazolobenzodiazepine, midazo- 
lam, also induces phase advances and phase delays in 
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hamster activity rhythms which are similar to those ob- 
served in response to triazolam (Wee and Turek, in 
press). Taken together, these data suggest that the ability 
of the benzodiazepines to cause phase shifts in the circa- 
dian rhythm of activity in hamsters may be due to the 
activation of a GABA-mcdiated pathway which ulti- 
mately affects a central circadian pacemaker. 
The benzodiazepines have been broadly characterized as 
anxiolytic, sedative hypnotic agents. The fl-carbolines are 
a class of newly synthesized drugs comprising a series of 
esters or amides of beta-carboline-3-carboxylate, which 
appear to display intrinsic pharmacological efficacy op- 
posite to that of the benzodiazepines. The methyl ester of 
fi-carboline-3-carboxylate (fi-CCM), for example, has 
anxiogenic and convulsant properties in various animal 
models 6 9. In addition, and similar to the selective and 
potent benzodiazepine antagonist Ro 15-1788, fl-carbo- 
lines antagonize the receptor-mediated effects of benzo- 
diazepines 1~ Because of the intrinsic activity of these 
compounds which tend to result in effects opposite to the 
benzodiazepines, and to distinguish them from antago- 
nists such as Ro 15-1788 which tend to be either inert or 
to possess very little intrinsic activity, the fl-carbolines 
have been termed 'inverse agonists' 11 
The opposing pharmacological activities shared by the 
benzodiazepines and the inverse agonists raise the possi- 
bility that the inverse agonists might 
1) alter the effects of triazolam on the mammalian circa- 

dian clock, and/or 
2) have opposite effects on the clock than do benzodi- 

azepines. 
Thus, we examined the effects of the inverse agonist, 
fl-CCM, alone and in conjunction with triazolam on the 
circadian rhythm of locomotor activity in the golden 
hamster. 
Materials and methods. Male golden hamsters, 
[Mesocricetus auratus Lak: LVG (SYR); N = 28] 8 weeks 
old, were initially group housed in a temperature-con- 
trolled room (22 _+ 1 ~ with a light/dark cycle of 14 h 
light and 10 h dark (lights on at 07.00 h). At the end of 
a two-week acclimation period, each animal was trans- 
ferred to an individual polypropylene cage maintained 
under conditions of constant light (LL). The ambient 
illumination when measured with a UDT 350 photome- 
ter from the floor of each cage, was approximately 15 lux 
(range = 1-40 lux). Each cage was equipped with a 
running wheel connected to an Esterline Angus event 
recorder. A single rotation of the running wheel activated 
a pen deflection on continuously moving chart paper. 
Successive intervals of chart paper containing these pen 
deflections were cut every 24 h and pasted vertically and 
chronologically, top to  bottom, to form a continuous 
picture of running wheel activity. 
After steady-state conditions had been achieved in an 
animal's locomotor rhythm for at least 10 days, the ani- 
mal was given an i.p. injection of either 5.0 mg fl-carbo- 
line-3-carboxylate (fl-CCM; Research Biochemicals, 
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Inc., Massachusetts, USA), 0.5 mg of triazolam (tz; Up- 
john, Michigan, USA), or 0.5 mg triazolam plus 5.0 mg 
fl-CCM in cocktail. A total of 19 animals received repeat- 
ed injections of either triazolam, fl-CCM, or triazolam 
plus fl-CCM, while a separate group of nine animals was 
given injections of vehicle alone. All drugs were adminis- 
tered in a volume of 0.1 cc DMSO, and at the time of the 
first injection, the animals weighed approximately 150 g. 
Activity onset was designated as circadian time 12 
(CT 12) and each injection was given 6 h before the esti- 
mated time of activity onset, i.e., at CT 6. Injections of 
triazolam at this circadian phase of the hamster activity 
rhythm produce maximal phase advances 1,2. Animals 
received 2 5 injections of either triazolam, fi-CCM, or 
both, on a statistically randomized basis to control for 
both the effects of the order in which the drugs were 
administered, and for systematic trends due to individual 
animal (phase-shifting) characteristics in response to 
repeated injections. Two-way analysis of variance 
(ANOVA) was used to statistically assess the effects of 
animal characteristic or treatment (i.e., pharmacological 
agent) on phase change induced in the activity rhythm. In 
addition, values obtained for the change in phase of the 
activity rhythm induced by fl-CCM, triazolam or triazo- 
lam plus fl-CCM were plotted graphically for six animals 
which received each of the three pharmacological agents 
in sequence, so that a qualitative assessment could be 
used to check for systematic trends as a result of injection 
order or animal characteristics. Finally, all sequential 
injections given to the animals were separated by at least 
10 days until a new steady state in the periodicity of the 
daily activity onsets of the individual rhythm developed. 
As previously described 1, phase shifts in the onset of 
activity were calculated by taking the difference between 
at least 5 -7  consecutive activity onsets from both the 
pre- and post-injection rhythm. 
Results and discussion. As expected, the administration of 
0.5 mg of triazolam 6 h before the onset of activity in- 
duced clear advances in the locomotor rhythm. However, 
when given in conjunction with 5,0 mg fi-CCM, phase- 
advances induced by triazolam were sharply attenuated 
(fig. 1). The difference between the magnitude of the 
phase advances induced by triazolam compared to the 
phase advances induced by triazolam given in conjunc- 
tion with fl-CCM, was statistically significant (t = 4.5, 
df = 36, p < 0.001 ; orthogonal, post hoc comparison). 
In addition, the difference between the average magni- 
tude for phase changes induced by triazolam given in 
conjunction with fl-CCM when compared to phase 
changes induced by fl-CCM given alone, was statistically 
significant (t = -2 .84,  d f =  36, p < 0.01; orthogonal, 
post hoc comparison). A tendency occurred for injec- 
tions of fi-CCM to cause phase delays in the activity 
rhythm; however, the average difference between groups 
receiving vehicle or fi-CCM alone was not statistically 
significant (Student's t-test, fig. 2). 
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Figure 1. Representative activity records for three animals maintained in 
constant light (LL) are presented in panels 1 a, 1 b, and 1 c, to illustrate 
the effects of injections of triazolam, fl-CCM, or triazolam plus fl-CCM 
on the free-running circadian rhythm of activity. The day of injection and 
the drug given, are indicated by Tz, Tz + fl, or ft. The actual time of 
injection is indicated by a star; all drugs were administered 6 h before the 

estimated onset of activity (CT 6). Each line represents a single 24 h 
period and successive days are plotted top to bottom. Either an advance 
( + ) or a delay ( - )  in the phase of the rhythm of the onset of activity was 
estimated for panel la ,  fl: -20 ,  Tz: +120, Tz+f l :  +10; panel lb,  
Tz + fl: +40, Tz: +45, fl: - 1 0 ;  andpanel lc,  Tz: +110, fi: - 40 ,  Tz + fl: 
+75. 
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Figure2. The histograms plot the mean (•  phase shift in the 
hamster locomotor rhythm after triazolam (tz), triazolam plus/~-CCM 
(tz + fi),/~-CCM (/~) or vehicle (V) alone. The number of injections per 
cell were 12, 14, 11, and 9, respectively. All injections were given at CT 6. 
A negative value represents a phase delay of the activity rhythm while a 
positive value indicates an advance. 

The ANOVA revealed a statistically significant main ef- 
fect for drug treatment (F = 14.48, df = 2,17 p < 0.001), 
but not for individual animals. Similarly, the graphical 
examination of drug type and order of administration 
did not indicate the presence of an effect of order of 
administration on phase changes in the activity rhythms 
for individual animals. Collectively, these analyses indi- 
cate that systematic variation, as a result of sequential 
injections given to a single animal, did not influence the 
relative differences observed for the overall effects on 
phase of the locomotor activity rhythm induced from the 
administration of either triazolam,/3-CCM, or triazolam 
plus/~-CCM. 
A variety of studies have established that i.p. injections of 
triazolam, ranging in doses between 0.5 and 2.5 mg, can 

induce reliable phase advances in the circadian rhythm of 
locomotor activity in the hamster when given during the 
animal's subjective day 1 -3, 12,13. When triazolam is giv- 
en 6 h before the onset of activity (CT 6), phase advances 
of about 90 min are usually induced. Overall, the phase 
shifts induced by triazolam when given in conjunction 
with/%CCM were diminished in size by about 67% when 
compared to the phase advances induced by triazolam 
given alone. When given alone,//-CCM had no systemat- 
ic effects on phase of the activity rhythm. 
A narrow dose-range limitation was found to exist for 
examining the effects of/3-CCM on triazolam-induced 
changes in phase of the activity rhythm of the adult 
hamster. We found that hamsters could tolerate 5.0 nag 
/%CCM with no apparent long-lasting side effects, al- 
though at this dose, convulsive reactions usually lasting 
less than 1 min were observed to occur within 1 -2  rain 
following an injection. Doses below 5.0 mg were found to 
be ineffective in producing consistent or clear changes in 
phase shifts induced by triazolam in the hamster locomo- 
tor rhythm, and doses above 5.0 mg produced long-last- 
ing (greater than 2 rain) convulsive reactions in the ani- 
mals. This physiological dose limitation may explain 
why, when compared to Ro 15-1788 which completely 
blocks the effects of triazolam 3, a dose of 5.0 mg of 
fl-CCM only attenuated, rather than totally blocked tria- 
zolam-induced phase advances. In addition, from earlier, 
preliminary investigations with other inverse agonists, we 
found no clear effects on the hamster activity rhythm for 
either the ethyl ester of fl-carboline-3-carboxylate (/% 
CCE) or methyl 6,7-dimethoxy-4-ethyl-/~-carboline-3- 
carboxylate (DMCM), when these compounds were 
given alone. 
In a manner similar to the triazolobenzodiazepines, such 
as triazolam or midazolam, diazepam has also been 



Research Articles Experientia 45 (1989), BirkhS.user Verlag, CH-4010 Basel/Switzerland 337 

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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Failure of  opioids to affect excitat ion and contraction in isolated ventricular heart muscle 
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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 


