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F u l l  P a p e r s  

An analysis of  the effects of  urethane on cardiovascular responsiveness to catecholamines in 
terms of its interference with Ca + + mobilization from both intra and extracellular pools 

C.A.  Maggi ,  S. Manz in i ,  M. Par lan i  and  A. Mel i  

Pharmacology Department, Cardiovascular Section, Research Laboratories, A. Menarini Pharmaceuticals, Via 
Sette Santi, 1-50131 Florence (Italy), and C. R. 17., Via Tito Speri, Pomezia, Rome (Italy), 11 April 1983 

Summary. U r e t h a n e  (1 • 10-2-1 x 10 -1 M) reduced,  in a c onc e n t r a t i on -de pe nde n t  ma nne r ,  bo th  in t ra  and  
ex t race l lu la r  Ca  + + d e p e n d e n t  no rad rena l i ne - i n duc e d  cont rac t ions  o f  per fused  r abb i t  e a r  a r te ry  as well  as the 
tonic cont rac t ions  p r o d u c e d  by  per fus ion  with high K + solution.  However ,  a quan t i t a t ive  analysis  o f  the da ta  
ind ica ted  that  for u r e thane  concent ra t ions  s imi lar  to those found  in p l a sma  dur ing  anes thes ia  u re thane  antago-  
nism is conf ined  to n o r a d r e n a l i n e - i n d u c e d  contrac t ions  which d e p e n d  upon  the mobi l i za t ion  o f  Ca + + f rom 
in t race l lu la r  s torage sites. In  KCl -con t r ac t ed  arteries,  u re thane  enhanced  the r e l axan t  effects o f  i soprenal ine .  - 
U r e t h a n e  r educed  the a m p l i t u d e  o f  cont rac t ions  o f  spon taneous ly  bea t ing  gu inea-p ig  r ight  a t r i um at concent ra -  
t ions which have  only  a l imi ted  effect on frequency.  In  addi t ion ,  it decreased  in a c o n c e n t r a t i o n - d e p e n d e n t  
m a n n e r  the a m p l i t u d e  of  i soprena l ine -ac t iva ted  electr ical ly dr iven,  and  K + depo la r i zed  gu inea -p ig  r ight  
vent r icu la r  strips. U r e t h a n e  h a d  no effect on the chrono  and  ino t ropic  act ions o f  i soprena l ine  on card iac  
p repara t ions .  In  in vivo exper iments  the chronot rop ic  response  to low doses o f  i soprena l ine  was s ignif icant ly  
h igher  in  u r e t h a n e - t r e a t e d  as c o m p a r e d  to unanes the t i zed  rats.  The  h igher  dose  o f  i soprena l ine  tested p r o d u c e d  
a s ignif icant  fall  in systolic b lood  pressure  in u re thane -anes the t i zed  rats. A s ignif icant  cor re la t ion  exists be tween  
the ch rono t rop ic  response  to i soprena l ine  and  resting hea r t  ra te  values  in u re thane -anes the t i zed  rats.  
These  results indica te  tha t  u re thane ,  at concent ra t ions  s imi lar  to those found  in p l a s m a  dur ing  anes thes ia  
select ively interferes  wi th  mobi l i za t ion  o f  Ca + + f rom in t race l lu la r  s torage sites. In  addi t ion ,  the in ter ference  of  
u re thane  anes thes ia  with the i soprena l ine  chronot rop ic  effect ' in vivo '  cannot  be exp la ined  by  a direct  interfer-  
ence o f  u re thane  with f l - adrenocep to rs  at ca rd iac  level. 

Introduction 

U r e t h a n e  is a widely  used anes thet ic  in an ima l  exper-  
imen ta t ion  m a i n l y  because  o f  its long du ra t i on  o f  
ac t ion  and  skele ta l  muscle  r e l axan t  p roper t ies  35,38. Its 
use is w idesp read  a l though  it is known to lower  b lood  
pressure  in in tac t  an imals  H,16 and  to decrease  the 

contract i le  response  o f  vascular  smooth  muscle  to 
no ra d re na l i ne  1~176 to ang io tens in  11'40 and  in a 

somehow specific m a n n e r  to a2 -adrenorecep to r  ago- 
nists 3,4. 

Both the hypo tens ive  act ion o f  u re thane  and  its 
an t agon i sm toward  vasoact ive  agents  ' in  vivo '  have  
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been attributed to a direct depressant action on 
vascular smooth muscle through interference with 
Ca ++ availability for contraction 1'2. A similar 
mechanism could be responsible for urethane inhibi- 
tion of  histamine-induced contractions of tracheal 
smooth muscle 24. In addition, urethane anesthesia 
appears to interfere with catecholamine-induced chro- 
notropic responses mediated by: a) postjunctional/]l- 
adrenoreceptors 23 b) prejunctional a2-adrenorecep- 
tors 4, J3 and c) reflex activation of  the vagus nerve 1~ 
In view of the above it appeared worthwhile to 
investigate the potential interference of urethane on 
Ca + + mobilization by using two experimental models 
suitable for testing the effect of Ca + + entry blockers 
in cardiac 25 and vascular smooth muscle 26. In addition 
we investigated the potential interference of urethane 
on isoprenaline-induced chronotropic effects 'in vitro' 
and in unanesthetized animals. 

Methods 

In vitro experiments 

New Zealand male albino rabbits weighing 2.5-3 kg 
and male albino guinea-pigs weighing 200-300 g were 
used. Rabbits received i.v. heparin (1000 IU) and 
were killed by a blow on the head. Guinea-pigs were 
killed by a blow on the head and exsanguinated. 
Solutions used throughout the study (gassed with 95% 
0 2 and 5% CO2) had the following composition 
(mM): Normal Krebs solution: NaC1 119; NaHCO3 
25; Glucose 11; KC1 4.7; MgSO4 1.5; KH2PO4 1.2; 
CaCI2 2.5. High K + Krebs solution: NaC1 69; 
NaHCO3 25; Glucose 11; KC1 54.7; MgSO 4 1.5; 
KHzPO4 1.2; CaC12 2.5. High K + Ca ++ free Krebs 
solution: NaC1 69; NaHCO3 25; Glucose 11; KC1 
54.7; MgSO4 1.5; KHzPO4 1.2 EDTA 0.77. Tyrode's 
solution: NaC1 115; NaHCO 3 25; Glucose 10; KC1 
4.7, MgSO4 1.2; KH2PO 4 1.2; CaCI2 3.6. In order to 
assess whether or not the effect of high concentrations 
of urethane (1 x 10-1-3 • 10 -1 M) could be ascribed to 
an osmotic effect, control experiments were per- 
formed with high concentrations of glucose (1 x 10 -1- 
3 x 10 -1 M). 

Rabbit ear artery 

A 3-cm segment of central ear artery was dissected 
free from adhering tissues, cannulated at both ends 
with polyethylene cannulae and transferred to a 7-ml 
organ bath at 37~ whose volume was mantained 
constant by means of an overflow. The arterial seg- 
ment was perfused intraluminally by means of  De 
Saga 131900 six-channel peristaltic pump at a rate of 
5 ml/min while extraluminal perfusion at a rate of 
8 ml/min was obtained by means of a Mariotte bottle. 
Changes in the intraluminal perfusion system were 

taken as an indirect measure of increase in arterial 
contraction above the resting tone. 
After a l-h stabilization period the extraluminal and 
intraluminal normal solution was replaced by a high- 
K + Ca + +-free solution which produced a rapid con- 
traction with gradual return to resting values. 5 min 
later intraluminal perfusion fluid was replaced for 3 
min by high-K + Ca + +-free solution containing nor- 
adrenaline (5 x 10 -6 M), which produced a contraction 
followed by a return to resting values 27. Subsequent 
intra- and extraluminal perfusion with normal Krebs 
solution resulted in a further rapid contraction, which 
depended upon the presence of extracellular Ca ++ 
and was related to the concentration of  the agonist 
previously added to the inner perfusion fluid 26. 
Peak amplitude and duration of  each contraction 
were estimated. Preliminary experiments showed that 
a 25-rain perfusion period with Krebs solution pro- 
vided reproducible responses to subsequent challenge 
with noradrenaline. Modification of  the noradrena- 
line responses was studied by the addition ofure thane  
in the inner perfusion fluid for 3 min before and 
during noradrenaline challenge as well as for 5 min 
during the reperfusion with normal Krebs solution. 
Under these experimental conditions, no contraction 
on reperfusion with normal Krebs solution could be 
observed unless intraluminal noradrenaline had been 
previously added to the medium 26. This suggests that 
the contractile response in segments exposed to nor- 
adrenaline on reperfusion with normal Krebs solution 
is likely to be ascribable to the agonist-induced en- 
hancement in Ca + + conductance across the sarcolem- 
ma without any participation of Ca + + fluxes through 
Ca + + channels activated by K + depolarization 28. 
In a second series of experiments, after a 1-h equili- 
bration period normal Krebs solution was replaced 
both intra- and extraluminally by a high K + (54 mM) 
Krebs solution. This produced a phasic followed by a 
steady tonic contraction. Since in these experimental 
conditions intraluminal phentolamine ( l x  10 6 M) 
has no significant inhibitory effect on the tonic com- 
ponent of contraction, this is likely to be entirely 
sustained by Ca + + fluxes through Ca + + channels 
activated by K + depolarization 8. 
Increasing concentrations of urethane were added in 
the inner perfusion fluid, the next concentration being 
added when the effects of the preceding one had 
reached its maximal relaxant effects. 
In some experiments the potential interaction be- 
tween urethane (5x  10 .2 M) and isoprenaline 
(1 x 10 .6 M) on KCl-induced tonic contractions have 
been investigated by comparing the relaxant effect of 
each drug alone and in combination (see fig. 3). 

Guinea-pig right atrium 

The hearts were rapidly removed and placed in 
Tyrode's solution at 37 ~ The right atrium was 
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dissected out and mounted in a 10-ml organ bath 
maintained at 37 ~ under a resting tension of 1 g. 
The contractions were recorded by means of a MARB 
F isometric transducer connected to a MARB 776 DC 
preamplifier and displayed on a Hewlett Packard 
7402 A polygraph. 
In a first series of experiments, after a 1-h stabilization 
period the potential effects of urethane on frequency 
and amplitude of  spontaneous contractions were as- 
sessed. A cumulative concentration response curve 
(CRC) to urethane was obtained, the next concentra- 
tion being added when the effects of the preceding 
one had reached a steady state. In a second series of 
experiments the potential interference of  urethane 
(1 x 10 -1 M) with the chronotropic effects of  isoprena- 
line have been investigated. After a 1-h equilibration 
period a cumulative CRC to isoprenaline (3 rain for 
each concentration) was obtained before and after the 
addition of  urethane (incubation period was 10 min). 

Guinea-pig right ventrieular strips 

The hearts were rapidly removed and placed in 
Tyrode's solution at 37 ~ Right ventricular strips 
(about 10 mm long and 2 mm wide) were obtained 
and mounted in a 10-ml organ bath maintained at 
37 ~ under a resting tension of 1 g. The recording 
apparatus is described in the preceding paragraph. 
Strips were point-simulated with square wave pulses 
of threshold voltage (2 Hz) by means of a stimulator. 
In a first series of  experiments, after a 1-h equilibra- 
tion period, the potential Ca + + entry blocker proper- 
ties of  urethane were evaluated as described by 
Mantelli et al. 25. Normal Tyrode's solution was 
replaced by a high K + (22 mM) Tyrode's solution 
obtained by an equimolar reduction in NaC1. Under 
these conditions the preparation rapidly becomes 
inexcitable due to the inactivation of  the fast Na + 
channels 31,39. 
As soon as the preparation became quiescent, the rate 
of stimulation was reduced to 0.2 Hz and the voltage 
quintuplicated while pulse width remained un- 
changed. After 5 min of perfusion with high K + 
Tyrode's solution the addition of  isoprenaline 
(1 x 10 -6 M) restored the contractility in a few min. It 
has been proposed that contractions elicited in these 
experimental conditions are directly proportional to 
Ca ++ entry from extracellular space 3U9 and are 
particularly sensitive to Ca + + entry blockers 25. After 
a 30-min contact with isoprenaline a cumulative CRC 
to urethane was obtained, the next concentration 
being added after a 10-min interval. In a second series 
of experiments, after a 1-h equilibration period in 
normal Tyrode's solution the potential interference of  
urethane with the inotropic effects of  isoprenaline was 
investigated as described for guinea-pig fight atria. 

In vivo experiments 

Male albino rats (Wistar-Morini strain) weighing 
180-220 g were used throughout the study. Basal 
systolic blood pressure (SBP) was measured, at room 
temperature (22-23 ~ by the tail cuff method ~2 in 
unanesthetized control or anesthetized rats (urethane 
i.p., 1.2 g/kg, 20 min before). Mean pulse rate (MPR) 
was derived from the microphone output of the blood 
pressure recorder (W & W Electronics BP recorder 
8005). A 25-gauge 0.5 mm diameter butterfly needle 
connected by polyethylene tubing to a 1-ml syringe 
(containing saline plus heparine 10 IU/ml)  was insert- 
ed into the tail vein for isoprenaline injection. A 20- 
min stabilization period was required in conscious rats 
to obtain steady SBP and MPR values. At this point 
isoprenaline 1 ng/kg in 0.I ml of warm (37 ~ saline 
was injected and followed by a rapid washout of  the 
tubing with 0.2 ml of saline. Peak SBP and MPR 
variations were recorded usually within 30-60 sec 
after isoprenaline injection. 
Thereafter SBP and MPR peak variations to i.v. 
isoprenaline (10 and I00 ng/kg) were recorded at 5- 
min intervals. This was done because of differences in 
time required by the animals to regain pre-drug 
values. For this reason only the effects of  the first dose 
of isoprenaline (peak variations in SBP and MPR) 
were used for correlation analysis. 

Statistical analysis 

Each value in the text is expressed as mean+SE. 
Statistical analysis of  the data was performed by 
means of Student's t-test for paired or unpaired data, 
whenever indicated. Regression analysis was per- 
formed by means of the least squares method and 
EDs0 and relative 95% confidence limits calculated 
according to Litchfield & Wilcoxon 21. 

Drugs 

Drugs used were: urethane (Merck), isoprenaline HC1 
(Serva) and noradrenaline HC1 (Fluka). Care was 
taken to avoid exposure to the light of  isoprenaline 
and noradrenaline solutions (which contained ascor- 
bic acid (0.5 mg/ml) )  to prevent catecholamine oxida- 
tion. 

Results 

In vitro experiments 

Effect of  urethane on noradrenaline induced contrac- 
tions of  rabbit ear artery in high K + Ca + + free medium 
and after reperfusion with normal Krebs solution. Ex- 
posure to noradrenaline ( 5 x 1 0  -6 M) in high K + 
Ca ++ free medium and reperfusion with normal 
Krebs solution produced typical phasic contractions 
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(see fig. l) whose amplitude was 63.1+_4.8 and 
171.9+4.1 mm Hg ( n =  6) respectively. For the sake of 
convenience these will hereafter be referred to as 
cellular and extracellular Ca + + dependent noradren- 
aline-induced contractions. Urethane (1 • 10 -2- 
3 • 10 -1 M) produced a concentration-related inhibi- 
tion of noradrenaline-induced contractions (fig. 2), its 
EDs0 and relative 95% confidence limits being 
3.01x 10 -2 (1 .2 -7 .4z  10 -2 M) and 1.34x 10 -1 
(9 .5  • 10 - 2 - 1 . 9  • 10 -1  M )  f o r  t h e  c e l l u l a r  a n d  e x t r a c e l -  

lular Ca + + dependent contractions respectively. Con- 
trol experiments with glucose (1 x 10-1-3x 10 -I M) 
indicated that osmotic effects are not involved in the 
inhibitory action of urethane on cellular Ca + + depen- 
dent responses. On the other hand a significant 
inhibitory effect of  glucose was observed at 300 mM 
on extracellular Ca ++ dependent noradrenaline-in- 
duced contractions. 

Effect o f  urethane on KCI induced contractions of  
rabbit ear artery and its interaction with isoprenaHne. 
Exposure to KC1 (54 raM) produced a steady tonic 
contraction whose amplitude was 129.2+_5.2 mm Hg 
(n=8) .  Urethane (1 • 10-2-3x 10 -1 M) produced a 
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Figure 1. Typical tracing showing the effect of  urethane (1 .10  -2 
1-10 - l  M) on cellular and extracellular Ca ++ dependent  NA 
induced contractions o f  intraluminally perfused rabbit ear artery. 
Both urethane and NA were dissolved in high K + Ca ++ free 
medium, 

concentration-related inhibition of KCl-induced tonic 
contraction (n = 4) (fig. 2) its EDs0 and 95% confidence 
limits being 1.15• 10 -1 (6.5• 10-2-2.1 • 10 -1M).  The 
relaxant effects of urethane disappeared upon its 
removal from the perfusion medium. Control ex- 
periments with glucose indicated that only at high 
concentrations (3 • 10 -1 M) could urethane exert its 
action through an osmotic effect. 
Isoprenaline (1 x l0 -6 M) produced a 15.14-1.9% inhi- 
bition of KCl-induced tonic contraction (n = 4) which 
in presence of urethane (5• 10 -2 M) increased to 
56.6+3.6% (fig.3). This value is significantly higher 
(p < 0.01) than the effect of both isoprenaline and 
urethane ( 5 x l 0  -2 M) (13.1+2.1%) when adminis- 
tered alone. 
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Figure 2. The effecl of  urethane on the amplitude of  cellular (O)  
and extracei]ular ([:3) Ca ++ dependent NA (5.10-6M) and on 
high K + (54 mM) ( A )  induced contractions of rabbit ear artery. 
Each point is the mean_+ SE of at least 6 experiments. 
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Figure 3. Typical tracing showing the effect on tonic component  of  
high K + (54 mM)- induced contraction of  rabbit ear artery of  
isoprenaline 10-6M and urethane 5- 10-2M alone and in combina-  
tion. Horizontal bars indicated time during which the drugs were 
present in the intraluminal perfusion solution. Intra- and extra- 
luminal perfusion with high-K + solution started at the arrow and 
finished at the dot. 
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Effect of urethane on frequency and amplitude of 
contractions of spontaneously beating guinea-pig right 
atria. Ure thane  (1•  1 0 - 2 - 1 x  10 -1 M) p roduced  a 
concentra t ion-re la ted inhibi t ion of  both  f requency  
and ampl i tude  o f  contract ions in spontaneous ly  beat-  
ing guinea-pig right a t r ium (fig. 4), its max ima l  inhibi-  
tory effect on ampl i tude  (71.2_+2.7% at 10 -1 M, n = 6 )  
being significantly (p < 0.001) higher than  that  on 
f requency (18.7_+2.1%). Ure thane  3 •  10 -1 M sup- 
pressed cardiac beat.  This effect d i sappeared  p r o m p t -  
ly upon  remova l  o f  urethane.  Ure thane  EDs0 and 95% 
confidence limits on ampl i tude  of  contract ions 
resulted to be 4 .93•  10 -2 (4 .5 -5 .4x  10-2). Control  
exper iments  indicated that  glucose (3 • 10 -1 M) had  
only minor  effects on f requency  and ampl i tude  of  
contract ion o f  guinea-pig  right atria. 

Effect of urethane on isoprenaline-induced contractions 
of guinea-pig right ventricle strips in high K + medium. 
Ure thane  (1 x 10-2-3 • 10 -1 M) produced  a concen-  
t rat ion-related inhibi t ion o f  isoprenal ine (1 x 10 -6 M) 
induced contract ions in a high K + (22 m M )  m e d i u m  
of  electrically driven strips of  guinea-pig  right ventri-  
cle (n = 6, fig. 4). Its EDs0 and 95% confidence limits 
resulted to be  1 .25•  -1 M ( 9 . 9 6 • 2 1 5  
10 -1 M). Control  exper iments  with glucose (1 • 10 -1-  
3 • 10 -1 M) indicated that  osmotic  effects cannot  be  
held responsible for u re thane  an tagon i sm toward 
isoprenaline induced contract ions of  guinea-pig  right 
ventr icular  strips in high K + med ium.  

Effect of urethane on chrono and in�9 effects of 
isoprenaline CRCs on guinea-pig right atrium and right 
ventricle strips. Ure thane  (1 • 10 -1 M) had  no signifi- 
cant effect on i soprenal ine- induced chronotropic  
(n = 5, fig. 5A) and  in�9 ( n =  5, fig. 5B) effects on 
either guinea-pig  right a t r ium or ventr icular  strips. 
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Figure 4. A Concentration dependent inhibition by urethane of 
frequency (circles) and amplitude (squares) of spontaneously beat- 
ing guinea-pig right atria. B Concentration dependent inhibition by 
urethane of amplitude of contractions elicited by isoprenaline 
(1.10-6M) in depolarized guinea-pig ventricular strips. Each point 
is the mean+ SE of at least 6 experiments. 
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In vivo experiments 

Resting SBP and M P R  values in unanes thet ized rats 
were 133.3_+1.6 m m  Hg  and 370.6_+4.5 bea t s / r a in  
respectively (n=38 ) .  Ure thane-anes the t i zed  rats 
( n = 3 2 )  had  significantly lower ( p < 0 . 0 0 1 )  SBP 
(96.0_+3.1 m m  Hg) and  M P R  (318.7_+5.2 bea ts / ra in)  
values as compa red  to controls (fig. 6). 
Isoprenal ine  (i.v., 1-100 ng /kg )  p roduced  a significant 
dose-related increase in M P R  in both  groups but  
significantly lowered SBP only in u re thane-pre t rea ted  
animals  at the higher  dose tested (fig.6). M P R  in- 
crease p roduced  by  the lower and the in termedia te  
dose of  isoprenal ine were significantly higher  in ure- 
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Figure 5. Effect of urethane on chrono- (A) and in�9 (B) 
activity of isoprenaline on guinea-pig right atrium and ventricular 
strips respectively. �9 Control; O, after urethane (1- 10-1M). Each 
point is the mean_+ SE of at least 6 experiments. 
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Figure 6. Dose-dependent effect of isoprenaline on heart rate and 
systolic blood pressure of unanesthetized (�9 and urethane-pre- 
treated (0)  rats. RV; resting value. Each point is the mean+ SE of 
38 and 32 animals respectively. * Significantly different (p < 0.05) 
from the corresponding resting values of unanesthetized rats; 
�9 * significantly different (p < 0.05) from the respective resting 
values. 
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thane as compared to unanesthetized rats (fig.7). A 
significant correlation exists between resting MPR 
values and the chronotropic effects of  isoprenaline (1 
ng/kg)  in urethane-treated but not in unanesthetized 
rats (fig. 8). 

Discussion 

Urethane has been reported to antagonize Ca ++- 
induced contractions of  K + depolarized vascular I and 
tracheal 24 smooth muscle. Interference with Ca ++ 
availability for contraction has been proposed as the 
cellular mechanism(s) underlying its vasodepressant 
and hypotensive actions in the intact animal 1'2. 
We have observed that urethane, in concentrations 
lower than 5•  10 -2 M, abolished noradrenaline-in- 
duced contractions in high K + Ca ++ free medium, 
thus revealing its ability to inhibit mobilization of 
intracellular Ca + + pool(s) from tightly bound storage 
sites 26,27. Since this inhibitory action of urethane 
(presumably related to its ability to cross the plasma 
membrane  ~7), occurs in concentrations quite similar to 
those (1 .5-2.5•  -2 M) found in plasma during 
urethane anesthesia 6,7,9, it could be hypothesized that 
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Figure 7. Dose-dependent  increase of  heart rate by isoprenaline in 
unanesthetized (open columns) and urethane pretreated (dashed 
columns) rats. Each value is the mean_+SE of  38 and 32 animals 
respectively. * p < 0.05. 
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Figure 8. Correlation between resting heart rate and heart rate 
increase in unanesthetized (A) and urethane-pretreated (B) rats. 
Regression line for B: y=443,8713-71,7407 x. 

urethane inhibition of intracellular Ca + + mobiliza- 
tion is responsible for its in vivo vasodepressant and 
hypotensive effect. Interestingly enough, Altura and 
Weinberg 1 observed that urethane even in concentra- 
tions lower than 5 x 10 .2 M antagonized angiotensin 
II-induced contractions of  rat aorta and portal vein 
more effectively than those produced by adrenaline or 
KC1. This is in line with the observation that angio- 
tensin II-induced contractions of  vascular smooth 
muscle are highly dependent  upon the mobilization of  
intracellular Ca + + pools 15,18,42 
Urethane exerted a negative inotropic effect on spon- 
taneously beating guinea-pig right atria at concentra- 
tions that did not significantly affect their frequency, 
and at higher concentrations suppressed cardiac beat. 
An inhibitory effect on mobilization of  Ca + + from 
intracellular storage sites by urethane at concentra- 
tions lower than 5 • 10 .2 M could explain our obser- 
vation on guinea-pig right atrium. 
This hypothesis agrees well with the mult icompart-  
mental model of  cardiac excitation contraction cou- 
pling which postulates that t ransmembrane Ca ++ 
influx (slow inward current) does not play a major 
role in the activation of the contractile proteins, but 
triggers the release of  Ca ++ from the sarcoplasmic 
reticulum which, in turn, is the bulk of  the activator 
Ca ++ for the development of  the contractile 
strength 19'43. Our results indicate that in concentra- 
tions higher than 5•  10 .2 M urethane is almost 
equieffective in antagonizing contractions sustained 
by Ca ++ influx from the extracellular space at both 
vascular and cardiac level. 

The inhibitory action of urethane on isoprenaline- 
induced contractions of  K + depolarized guinea-pig 
right ventricular strips could be ascribed to a 'Ca + § 
entry blocker' - like mode of action. 
On the other hand, an osmotic effect appears  to be 
responsible for the action exerted by urethane in high 
concentrations on rabbit ear artery. Therefore, since, 
at least for the higher concentrations, an osmotic 
effect appears to be involved, no firm conclusion can 
be drawn as to whether or not a 'Ca + + entry blocker'  
mode of action plays a role in the actions of  this 
anesthetic at vascular level. 
Barrett 5 observed that higher doses of  i.v. adminis- 
tered isoprenaline were required to produce the same 
cardiac chronotropic response in urethane- than in 
pentobarbitone-anesthetized rats. The observation 
that the chronotropic response to isoprenaline is 
depressed in urethane- as compared to barbiturate- 
anesthetized rats was confirmed and extended by our 
own findings 23. 

However, in vitro experiments on guinea-pig cardiac 
preparations indicate that urethane, in a concentra- 
tion (1 • 10 -1 M) 4-6 times higher than those ob- 
served in plasma during anesthesia, does not inhibit 
either chrono or inotropic effects of  isoprenaline, tn 
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add i t i on  in vivo exper iments  indica te  that  the chrono-  
t ropic  response  to i soprena l ine  is enhanced  in ure-  
thane-anes the t i zed  as c o m p a r e d  to unanes the t i zed  
rats  and  conf i rm our  prev ious  f indings  23 ind ica t ing  
that,  in u re thane -anes the t i zed  animals ,  the m a g n i t u d e  
o f  the  chrono t rop ic  responses  to i sop rena l ine  is in-  
versely re la ted  to rest ing hea r t  ra te  values.  
U r e t h a n e  anes thes ia  is known  to p roduce  a var ie ty  o f  
me tabo l i c  a n d / o r  endocr ine  effects such as increase  in 
cor t icosterone levels 36, ca t echo lamine  re lease  f rom 
ad rena l  medu l l a  37, increased  ad rena l i ne  p l a s m a  
levels 4,34,37 h y p o c a l c a e m i a  32, hemoconcen t r a t i on  and  
hype rg lycaemia  41, increase  in p l a s m a  renin  act ivi-  
ty 2~ and increase  in p l a s m a  pro lac t in  levels TM. 
These,  a lone  or  in c o m b i n a t i o n  migh t  have  p r o f o u n d  
and  unpred ic t ab l e  effects on ca rd iovascu la r  respon-  
siveness to exogenous  agents  bo th  di rec t ly  and  
th rough  an  a l te ra t ion  o f  homeos ta t i c  ca rd iovacu la r  
reflexes. 

In  view of  the above  the lack o f  any  direct  effect o f  
u re thane  on bo th  spon taneous  and  s t imula ted  card iac  
ch rono t rop i sm in vi t ro does  not  a l low any  in t e rp re t a -  
t ion o f  the effects o f  u r e thane  anes thes ia  in terms o f  
s imple  in te r re la t ionsh ip  be tween  the anes the t ic  and  
i soprena l ine  at  s inoa t r ia l  node  level.  By ana logy ,  the 
obse rva t ion  that  u re thane -anes the t i zed  rats have  low- 
er rest ing hea r t  rate  values  than  ei ther  ba rb i t a l -  
anes the t ized  23 or  unanes the t i zed  rats  suggests an in,  
direct  effect o f  u re thane  on ca rd iac  funct ion in vivo. 
This  is suppo r t ed  by  the observa t ion  that  under  
u re thane  anes thes ia  there  is a high level o f  au tonomic  
nervous  sys tem cont ro l  on  hear t  funct ion  as i l lus t ra ted  
by  the m a r k e d  chrono t rop ic  effects o f  t - b l o c k a d e  5, 
a t rop ine  or  v a g o t o m y  5'22. In add i t ion ,  reserp ine  pre-  

t r ea tmen t  has  been  repor ted  to abol i sh  the depen-  
dence o f  i soprena l ine  chrono t rop ic  effects f rom rest- 
ing hear t  ra te  in u re than ized  rats  23. 

F ina l ly  our  in vivo results  indica te  tha t  the vasode-  
pressor  effect o f  i soprena l ine  is somehow po ten t i a t ed  
by  u re thane  anes thes ia  as c o m p a r e d  to unanes the -  
t ized rats. The  fal l  in systolic b lood  pressure  cou ld  not  
be  s imply  in t e rp re t ed  in terms o f  an increased  vasodi-  
la tor  effect o f  i soprena l ine  unde r  u re thane  anesthesia .  
However  in vi t ro expe r imen t s  are  suggest ive tha t  
some sort o f  posi t ive in terac t ion  might  exist in the 
r e l axan t  p roper t ies  o f  i soprena l ine  and  u re thane  at  
vascu la r  level. 

In  conclus ion our  f indings  indicate  that :  a) u re thane  
at  concent ra t ions  s imi lar  to those obse rved  dur ing  
anes thes ia  interferes  with the mobi l i za t ion  o f  Ca + + 
f rom in t race l lu la r  s torage sites in vascu la r  smooth  
muscle;  b) only  at h igher  concent ra t ions  does  ure-  
thane  inhib i t  cont rac t ions  sus ta ined  b y  a inf lux o f  
Ca + + f rom the ex t race l lu la r  space;  c) u re thane  pos- 
sesses a direct  depressan t  ac t ion on ca rd i ac  contract i l i -  
ty which could  be  re la ted  to its effects on Ca ++ 
mobi l i za t ion ;  d)  u r e thane  does  not  in terfere  d i rec t ly  
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with e i ther  ch rono  or  ino t rop ic  effects o f  i soprena l ine  
in vi tro and  e), an indi rec t  effect o f  u re thane  anes the-  
sia makes  the  ch rono t rop ic  response  to i soprena l ine  
d e p e n d e n t  u p o n  rest ing hea r t  rate  values.  
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Summary. Hemoglobins of 12 diploid and polyploid species, 6 subspecies and 15 different inter-species hybrids 
of the genus Xenopus were compared by electrophoresis on polyacrylamide gels or by isoelectrofocusing. 
Multiple hemoglobin bands were detected in all taxa. - Each species can be identified by its specific hemoglo- 
bin pattern, in spite of the intraspecific polymorphism observed within 5 of the 12 species. In contrast to the 
observed interspecific variation, the hemoglobin pattern of the six subspecies of Xenopus laevis is almost 
invariable and does not allow an unequivocal identification of these taxa. - Hemoglobin patterns of all inter- 
species hybrids represent the sum of those of their parental species. In spite of this codominant expression of all 
parental hemoglobins, no hybrid molecules containing globins of both parents can be detected. 

Introduction 
The different species and subspecies of the African 
clawed toad, genus Xenopus, represent from an evolu- 
tionary point of view a most interesting group of 
lower vertebrates. Xenopus tropicalis, considered to be 
the most ancient extant species of the genus 2, has a 

mitotic chromosome number of  2n = 2024. X. epitropi- 
calis, a newly described species 7, has a mitotic chro- 
mosome number of 2n==40 and is, therefore, tetra- 
ploid and, moreover, closely related to X. tropicalis 
with respect to its morphology and karyotype 28. Nu- 
merous species, amongst them X. laevis, which is 


