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Potentiation of Urethan Anesthesia by Epinephrine. (22413) 

SACHINDRA X. PRADHAN,* BETTY ACHIKSTEIN, AND MURRAY J. SHEAR. 
Laboratory of Chemical Pharmacology, ,Vational Cancer Institute,+ Bethesda, M d .  

During a study of the action of drugs on 
carotid blood pressure in mice under urethan 
anesthesia( I ) ,  it was observed that they re- 
mained under deep anesthesia for a long time 
following a dose of epinephrine. Further ex- 
periments were thereupon conducted to inves- 
tigate the effect of epinephrine on urethan 
anesthesia. This report presents the results 
of such experiments and shows that epine- 
phrine potentiates urethan anesthesia, and 
that urethan reduces lethal toxicity of epine- 
phrine. 

Method and materials. Experiments were 
conducted in 3 strains of mice (CAF1, C3H 
and C57 Black), weighing 18 to 24 g, and of 
both sexes. Urethan (10% solution) and, 
usually after an interval of one hour, epine- 
phrine (0.05 and 0.1% solution), were in- 
jected in various doses either subcutaneously 
or intraperitoneally. Phenobarbital sodium 
and pentobarbital sodium were given in vari- 
ous doses in some experiments. Duration of 
anesthesia was measured as the time elapsed 
between the loss of righting reflex and its re- 
turn (2-4). This interval should really be 
called :‘side position time” (SPT) rather than 
“anesthetic or sleeping time”; but since the 
latter term implies the presence of a state 
which is difficult to measure in mice ( 2  ) , SPT 
has been used in these experiments to signify 
‘(anesthetic time.” 

Results. Table I summarizes the results 
of experiments on epinephrine toxicity in the 
3 strains of mice. A dose of 5 pg,/g killed 
24% of CAFl mice, 57% of C3H mice, and 
100% of C57 Black mice. From the overall 
picture at all dose levels, the lethal toxicity 
appeared to be lowest in the CAFl mice and 
greatest in the C57 Black strain. 

Toxic manifestations following injection of 

* Present address: Department of Pharmacology, 
Howard University School of Medicine, Washington, 
D.C. 

epinephrine, especially of high doses, were: 
apprehensiveness, erection of hair, bulged eye- 
balls, gradually increasing prostration, froth- 
ing (sometimes hemorrhagic) through the 
nostrils, increased respiration, restlessness, 
and slight excitatory movements before death. 

To study the effect of combination treat- 
ment, C57 Black mice were given a subcu- 
taneous dose of urethan followed, after one 
hour, by an intraperitoneal dose of epine- 
phrine. Results of experiments with various 
dose combinations show that duration of anes- 
thesia in the survivors increased with the dose 
of either drug (Table 11). 

Moreover, urethan protected the mice 
against the lethal toxicity of epinephrine and 
prolonged their survival time. Under urethan 
anesthesia, the toxic manifestations of epine- 
phrine were present, but they were less 
marked. With epinephrine alone, all but one 
of the mice died within a short time; the in- 
terval from injection to death was 2 t 1 
hr., 1.5  t 0.5 hr., and 1 t 0.1 hr. for the 3 
dose levels used (2.5, 5 and 10 pg/g, respec- 
tively). None of these mice, of course, were 
anesthetized. At all doses of epinephrine, 
combination with urethan reduced the num- 
ber of deaths. Moreover, the mice that died, 
following injection of urethan and the 2 
higher doses of epinephrine, survived longer 
than those that got epinephrine alone. At 
the highest dose of epinephrine, the survival 
was prolonged with epinephrine up to a maxi- 
mum of 5 hr beyond the epinephrine controls. 

In other experiments, also with C57 Black 
mice, epinephrine was given in 3 dose levels 
(20, 10 or 1 g / g )  alone, or in combination 
with various dose levels of urethan. At the 2 
higher levels of epinephrine, all the mice died. 
With 1 pg/g of epinephrine no deaths oc- 
curred; the anesthetic time was again pro- 
longed by combination with the higher doses 
of urethan ( 1.4 and 1.6 mg/g) . 
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TABLE I. Lethal Toxicity* of Epinephrine in 3 Mouse Strains. 

r- Ratio of : No. dead/No. treated -\ 
Strain Route b g / g  2.5pg/g 5pg/g lO,g/g 15pg/g 2opg/g 

CAF, Subcut. - O/ 6 3/12 9/12 6/ 6 6/ 6 
99 - 5/22 12/12 29/38 21/22 

C3H Subcut. 0/5 1/ 5 19/34 7/ 8 8/ 8 8/ 8 
C57Black Subcut. 0/6 2/ 6 6/ 6 6/ 6 - - 

>9  9 9  Intraper. 0/6 8/12 12/12 12/12 - - 

Intraper. - 

* Toxicity was studied usually on 5 or 6 mice at each dose level; larger numbers at certain 
doses signify pooled data from several experiments. 

Epinephrine (2.5,  5, 10, 15 or 2 0  pg/g) was 
injected intraperitoneally one hour after a 
subcutaneous dose of urethan (1.5 mg/g). 

In this experiment the data on anesthesia 
and mortality were recorded at 0.5-1 hour 
intervals up to 6 hours and again after 24 
hours. Table I11 gives the detailed data on 
combination of a fixed dose of urethan with 
various doses of epinephrine. I t  shows that 
preadministration of urethan completely pro- 
tected the mice against the lethal toxicity of 
low doses of epinephrine (cf. Table I) ; as the 
dose level of the latter increased to 10 pg/g 
or more, the degree of protection decreased. 
In Fig. 1, curve A shows the relationship be- 
tween the dose of epinephrine and the per- 
centage reduction of its lethal toxicity by 
urethan. 

Curve B in Fig. 1 shows the potentiating 
effect of epinephrine on duration of anesthesia 
of urethan; the potentiation increased with 
the dose, as also can be seen from Table 111. 
This lowering of epinephrine lethal toxicity 
by urethan and the prolongation of urethan 

TABLE 11. Duration of Anesthesia in Surviving 
Mice* ((357 Black). 

0 1.2 1.4 1.6 
Urethan (mg/g)-subcut. 

* Number in parenthesis indicates No. of sur- 
vivors in each group of 12 mice. 

anesthesia by epinephrine, in CAFl mice, is 
in agreement with the results obtained in C57 
Black mice. With these drugs in combina- 
tion, a t  the same dose levels, percent survival 
was higher in CAFl mice, but prolongation of 
urethan anesthesia was less than in the C57 
Black strain. 

From these curves it is seen that this combi- 
nation gave an optimum effect at a dose level 
between 5 and 10 pg/g of epinephrine. At 
lower doses, prolongation of anesthesia was 
less maTked and the proportion of mice hav- 
ing a long period of anesthesia was less, while 
higher doses gave increasing mortality. 

In the combination treatment, reversal of 
route of administration, i.e. urethan given in- 
traperitoneally and epinephrine subcutane- 
ously, produced similar effects, but they were 
less marked. Similar eqxriments were car- 
ried out in all 3 strains of mice, with similar 
results. The most complete set of experi- 
ments was carried out in C 3 H  Black mice, in 
which the largest number of dose variations 
was employed (urethan at 1.2, 1.4 or 1.6 mg/ 
g; epinephrine at 5, 10, 15 or 20 pg/g). The 
results obtained in all of these experhen-ts 
were entirely analogous to those obtained 
when the urethan was given subcutaneously 
and the epinqhrine given intraperitoneally , 
except that the reduction in epinephrine mor- 
tality and the prolongation of urethan anes- 
thesia were less pronounced. 

Phenobarbital sodium (100 g / g )  or pento- 
barbital sodium (45,  60 or 75 pg/g), injected 
subcutaneously half an hour before an intra- 
peritoneal injection of epinephrine (5 pg/g) 
in C 3 H  and C57 Black mice, did not reduce 
the lethal toxicity of the latter; but the sur- 
vival period was slightly prolonged. With 
this combined treatment, however, the right- 
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TABLE 111. Anesthetic Time of Urethan (1.5 iiig/gj, Alone or Combined with Epinephrine, 
in CAF, Mice. 

Dose of 
epinephrine, 

P.g/g 

-No. of mice reiiiaiiiing under anesthesia for-, 
0 hr to .5hr .5-1 h r  1-3 hr 2 4 h r  4-6hr 6hr 

______ _____ 
> 111 * 

(i 3 - 1 9 

1 1 6 4 

1 4 
ti ( 9 )  

2 (2) 

1 (1’ ( 1 )  (1: 
(6  ( 1 )  
( 6 )  (1) ( 2 )  

At each close level, 12 iuice were employed. 
Sumbers within parenthesis sl~ow the illice that died under anesthesia within the respective 

periods. 

ing reflex became negative following the in- 
jection of epinephrine and remained un- 
changed till death. Epinephrine (2.5 pg/g) 
in these mice increased the anesthetic time of 
pentobarbital: the increase was greater, the 
higher the dose of pentobarbital. 

Anesthesia produced in C3H mice with 
urethan ( 1.5 mg/g-subcutaneous) was mark- 
edly prolonged also by nor-epinephrine (20 
pug g-intraperitoneal): and the lethal toxicity 
of nor-epinephrine was somewhat reduced by 
urethan. Cortisone (50 pgfgj  did not poten- 
tiate the action of urethan (1.2 mg/g) in 
C57 Black mice. 

Discussioi?. Increasing interest has been 
shown recently in the potentiating effect of 
various sedative and non-sedative agents on 

FIG. 1. Reduction of epiiieplirine lethal toxicity 
b?- urethan (1.5 nig/g) (curr-e A ) and poteiitiatioii 
of uretliaii anesthesia by epinephrine (curve B) in 
CAF, mice. Numbers in parenthesis indicate No. 
of survivors at the  end of 24 hr, in a group of 12 

mice each. 

anesthesia induced by barbiturates( 2-6,8) 
and by other anesthetics( 6,13,9). While the 
effect of the sedative agents can be explained 
on the basis of their synergistic depressive ac- 
tion on the central nervous system, the 
mechanism of action of the non-sedative 
agents is still obscure. The effect of several 
anesthetics has been potentiated by non- 
sedative agents of diverse nature, such as 
epinephrine (9 , l l )  , nor-epinephrine (9),  his- 
tamine(6), glucose(8,10), intermediary meta- 
bolites( 8,9,10) and various other organic and 
inorganic substances( 2,5,8). Contradictory 
findings are, however, not lacking to show 
that epinephrine shortens the sleeping time 
( 7 ) .  A substance found to be an effective po- 
tentiating agent with one anesthetic may fail 
with another( 5,lO). Sodium chloride poten- 
tiated barbiturate anesthesia, but failed in 
case of urethan( 5 ) .  

In  our experiments with mice, potentiation 
of pentobarbital anesthesia by epinephrine 
was slight; whereas, anesthetic time of 
urethan was markedly prolonged by epine- 
phrine and nor-epinephrine. Variation in 
lethal toxicity of epinephrine in different 
strains of mice was noticed as in the case of 
the response to hexobarbital( 12). In a given 
strain of mice the more toxic the dose of 
epinephrine the more prolonged was the an- 
esthetic time of urethan in combination with 
epinephrine. For a particular dose of epine- 
phrine, the more susceptible a species to 
epinephrine toxicity the more marked was the 
potentiating effect of epinephrine on urethan 
anesthesia. 

Attempts have been made from time to 
time to explain the mechanism of the poten- 
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tiation of anesthesia by these non-sedative 
agents. Experiments ( 7-9) to investigate 
whether interference with carbohydrate me- 
tabolism, by various agents including epine- 
phrine, is the cause of potentiation of anes- 
thesia have not been conclusive. In an ex- 
ploratory experiment, we injected insulin (0.4 
unit/mouse) intraperitoneally in C3H mice 
under urethan with or without epinephrine; 
it did not counteract the effect of epinephrine 
on urethan anesthesia. This experiment did 
not indicate that the action of epinephrine on 
carbohydrate metabolism was responsible for 
prolongation of urethan anesthesia. Perme- 
ability of the brain to barbiturates was found 
(8) to be increased by lactate, pyruvate and 
glutamate but not by other substances exam- 
ined. It has also been shown that potentiat- 
ing effect of epinephrine is not linked with its 
action on adrenal cortex( 11). On the other 
hand, barbital anesthesia( 18) in mice was 
found to be prolonged by adrenalectomy; pre- 
treatment with cortisone returned the anes- 
thetic time to normal level, but hydrocorti- 
sone decreased it significantly, These effects 
on anesthesia were found to be correlated 
with barbital concentration in brain. 

The various actions of epinephrine on the 
central nervous system are difficult to recon- 
cile with each other. The conventional thera- 
peutic dose has little stimulating effect on the 
central nervous system, but large doses or 
small doses injected into the carotid artery in 
animals manifest a stimulating effect (14). 
Epinephrine was found to potentiate the con- 
vulsant effect of electroshock( 15). On the 
other hand, it has some analgesic effect( 14) 
and can cause anesthesia in dogs after intra- 
cisternal injection of quite large doses( 16,17). 
In our experience, a few mice were found to 
lose the righting reflex and appeared to be 
under anesthesia after a large intraperitoneal 
dose of epinephrine alone. On the basis of 
these diverse findings, it is difficult to ascribe 
the potentiating effect of epinephrine to its 
action on the central nervous system, and the 
mechanism of its action on anesthesia remains 
to be resolved. 

Summary. Three strains of mice (CAF1, 
C3H and C57 Black) were treated with vari- 
ous dose combinations of urethan and epine- 

phrine. Duration of anesthesia, lethal tox- 
icity and survival time were observed, with 
the following findings: 1. Epinephrine lethal 
toxicity was greatest in C57 Black mice and 
lowest in the CAFl strain. 2. In all strains, 
urethan anesthetic time was greatly pro- 
longed; this effect increased with dose of 
epinephrine. 3. Urethan reduced lethal tox- 
icity of epinephrine; with increase of dose of 
epinephrine, reduction of toxicity was less. 
4. Urethan anesthetic time was also poten- 
tiated by norepinephrine ; its lethal toxicity 
was somewhat reduced by urethan. 5. Anes- 
thetic time of phenobarbital sodium and of 
pentobarbital sodium was slightly potentiated 
by epinephrine. These agents did not reduce 
the lethal toxicity of epinephrine. 
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