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Although urethane anesthesia is frequently 
used in studies concerned with [testing of 
neuronal responsiveness to hormone admini- 
stration (1-7), little is known about the pos- 
sibility of direct effects of urethane on neuro- 
endocrine function. Only recently (5,  8-10) 
has ithe influence of urethane on gonladotropic 
function been examined; little information is 
available concerning its actions on the adrenal 
cortex (11). 

Studies in our laboratory have attempted 
to correlate hwthalamic electriml activity 
with pituitary-adrenal function in rats 
anesthetized with urethane (6) .  The present 
work performed in conjunction with these 
electrophysiologiical studies provides further 
information concerning the pituitary-adrenal 
activity during urethane anesthesia. In 
particular, data were obtained nbout feedback 
suppression of ACTH release in response to 
dexamethasone, and on ACTH secretion fol- 
lowing various stimuli. 

Materials and Methods. Experiments were 
performed on male Sprague-Dawley rats 
weighing 225-300 g. They were maintained 
at constant temperature (23 t 0.5") with 
an alternating light-dark schedule (0600 to 
1800 lights on) and given food pellets 
(Purina Lab Chow) and water ad libitum. 
Rats were anesthetized with urethane ( 1.25 
g/kg body wt) administered intraperitoneally. 

Drugs were dissolved in 0.9% saline, and 
unless otherwise noted, administered through 
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a jugular cannula in the following doses (cal- 
culated per 100 g body wt): dexamethasone 
21-phosphate, 10, 20, 80 pg; histamine 
diphosphste, 2000 pg free base; vasopressin, 
100 m u ;  insul'in, 0.4 U; ACTH, 50 mu.  
Formalin was given 'subcutaneously at  a dose 
of 1 ml of a 10% solution/animal. Serial 
blood samples were taken with one or two 
microhematocrilt tubes (60-120 pl) from a 
small [incision in the tail. The plasma was 
separated promptly and frozen. Plasma 
corticosterone levels were determined sub- 
sequently by the competitive protein-binding 
method of Murphy ( 12). Dexamethasone, 
when administered, was given twice, 2 and 
3 hr after anesthesia. Other drugs were ad- 
ministered 4 hr after the first dexamethasone 
injection land blood samples were drawn 15, 
30 and 60 min later. ACTH was always ad- 
ininistered in Ithe last time period for each 
study and blood was drawn 15 and 30 min 
thereafter. 

Data were analyzed using Student's t test 
for paired observations. In  every case, each 
animal served as its own control. The mean 
difference ( D )  was generated with its stan- 
dard error (SE,) , and used to calculate t .  
Unless otherwise stated, plasma corticosterone 
levels in all tables and figures are depicted 
as mean difference ( D )  t SE5. 

Results. Plasma concentrations of corticos- 
terone ( B )  were markedly elevated from a 
base line of 7.0 t 1.9 pg/ml (mean t SE) 
to 55.4 t 4.3, 53.4 t 6.2, and 49.4 t 2.8 
at  2-4 min, 1, 2, and 4 hr, respectively, after 
urethane injection. Animals injected with 
saline had comparatively low B levels, 1.4 t 
0.7, by 2 hr. ACTH administered produced no 
further allteration in plasma B levels in the 
urethane-anestlhetized aniinals indicating that 
the maximal secretory capacity of the adrenal 
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TABLE I. The Effect of Dexamethasone on Plasma B Levels (@g/lOO ml) in Rats Anes- 
thetized with Urehhane. 

~ 

Dexamebhaeone Plasma B 
Group dose (~g/lOO g)  No. Initial B level chaage at 4 hrb 

Intaot 0 
1,O 
20 
80 

4 
5 

2'4 
4 

- 6.2 2 7.8 55.4 
53.2 
52.2 
54.4 

-35.7 & 2.8" 
-39.8 2 2.5" 
-43.7 k 5.0" 

"Each dose of dexamethasone was injectad twice per animal. 
' Values are mean differences (5) 
"Differs from initial B level at p < 0.01. 

SE; generated from the initial plasma B level. 

had already been obtained. 
Dexamethasone was administered after 

urethane anesthesia land plasma B concentra- 
tions were measured at  hourly intervals. In- 
t a d  rats given doses of 10, 20, ar 80 pg/lOO 
g body weight all showed decreased levels of 
corticosterone at 4 hr consistenit with depres- 
sion of ACTH release (Table I ) .  

The effects of single doses of variolus com- 
pounds on plasma B levels in animals sup- 
pressed with dexamethasone are shown in 
Table 11. The values represent changes in 
plasma B produced by each stimulus with 
reference to Ithe four hour dexamethasone 
level. The last two columcs in Table I1 
represent plasma B increments after ACTH 
injection. These are also calculated from the 
4-hr dexamethasone level to allow comparison 
of ACTH-induced and stress-induced incre- 
ments. All agents stimulated piituitary ACTH 
release; saline, the vehicle conltrol, was in- 
effective. Generally, each stimulus resulted in 
sustained elevation of plasma B throughout 
the 1-hr observation period. Only the effects 
of vasopressin began (to subside at  the end of 
the hour. Histamine was also administered 
to two groups suppressed with different doses 
(10 or 80 pg/lOO g) of dexamethasone. No 
alteration in response pattern or in absolute 
increments to histamine was observed over 
the range in amount of dexamethasone ad- 
ministered. Peak plasma B concentration was 
abtained within 15 min and persisted there- 
afiter. The B level in all groups appeared to 
be nearly maxlimal as indicated by comparison 
with the increment after ACTH administra- 
tion. 

The response to insulin is illustrated in 

detail in Fig. 1, whfich also depicts the 
hourly changes in plasma B concentration 
following pretreatment with dexamethasone. 
Plasma B levels fell progressively for 4 hr. 
Insulin injected at that >time produced a 
significant increment within 15 min with a 
continued rise to a maximal level at 30 min. 
ACTH administration at the end of the ex- 
periment elici led i? small additional increment 
in plasma B at  30 min ( p  < 0.05). 

The high plasma B levels in rats anesthe- 
tized wifth urethane were lowered within 2 
hr by hypophysectomy (2.3 t 0.9), with 
no fuuther change occurring by 4 hr (2.1 
_t 0.6) (mean _t SE). Histamine, formalin, 
or vasopressin (administered at  the same dose 
levels used previously did not alter the plasma 
B concentrations in these hypophysectomized 
animals. However, a highly significant re- 
sponse to ACTH was obtained in each in- 
stance. 

Discussion. Administration of urethane re- 
sults in enhanced secretion of ACTH as 
shown by elevated plasma levels of cortilcos- 
terone (B).  This confirms the only previous 
investigakion on the effects of urethane on 
piltui tary-adrenal function conducted by 
Spriggs and Stockham (1 1) .  In  addition, OUT 

data indicate that urethane does not alter 
plasma B concentrations in hypophysecto- 
mized rats, suggesting that it has no direct 
effect on the adrenal gland in the absense of 
ACTH. 

Dexamethasone was used to inhibit en- 
dogenous ACTH secretion, and, in rats given 
urethane plasma B levels were lowered to 10- 
13 pg/lOO ml. Such levels are slightly higher 
than those in resting animals or in animals 4 
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t t  

DEXAMETH ASONE INSULIN ACTH 
1 I I I I 

1 2 3 4 5  

TIME (hours) 

FIG. 1. Effeuts of diemmuAhasone (and insullin on 
plwma carticosterone omcentnations in intbct wts 
anesthebized with umthame. Emh point represents 
the mean oif 6 values. Venticle bails indicate -t- SEZ 

hr afiter hypophysectomy. Based on ather 
reports, dexamethasone suppression of ACTH 
secretion at 2-4 hr is usually complete (13- 
15), suggesting that urethane-anesthetized 
animals in ithe present study did not respond 
completely to negative feedback. The basis 
for this effect may involve several factors in- 
cluding alterations in the sensitivity of feed- 
back receptors to dexamethasone induced by 
urethane. 

All stimuli used were effective in eliciting 
ACTH release in urethanized rats despite 
high doses of dexamethasone and only the 
response [to saline was abolished. Thus, the 
urethane preparation is similar to other in- 
tact preparations in that high doses of dexa- 
methasone are ineffective in blocking the re- 
lease of ACTH by such stimuli (14, 16). 
Histamine, for example, produced a SUIS- 

tained elevation in the plasma B levels which 
was unalltered by an 8-fold increase in the 
dose of dexamethasone. Increments in plasma 
B levels in dexamethasone-treated rats were 
also observed with iqsulin, fomdin,  and 
vasolpressin. Direct action by these stimuli on 
the adrenal gland was excluded by Itheir total 
ineffectiveness in hypophysectomized rats. 
Thus, urethane anesthesia does not abolish 
the ACTH release induced by certain trau- 
matic stimuli in dexamethasone-suppressed 
animalls, 

The importance of these observations is 
threefold: Firstly, since urethane is a com- 
monly employed anesthetic in studies involv- 
ing recording of neural responses in the 
central nervous system, it is of interest ;that 
its administmtion elevates blood corticos- 
terone levels during the #time period when 
most eleatrical recording studies are per- 
formed. Secondly, administration of dexa- 
methasone lowers endogenous corticosterone 
levels in the presence of urethane anesthesia, 
although the response is apparentiy atten- 
uated. Finally, several agents known to acti- 
vate the hypothalamic-pituitarpdrenal 
system resulit in marked breakthrough stim- 
ulation of adrenal secretion when administered 
to dexamethaisone-suppressed, urethane-an- 
esthetized rats. 

Summary. Urethane anesthesia produces 
elevated plasma concentrations of corticos- 
terone (B) that are sustained over a 4-hour 
observation period. The elevated B levels are 
reduced after intravenous administration of 
dexamethasone (20 pg/100 ml body weight) 
wilthin 3-4 hr, although the steroid 'suppres- 
sion of ACTH release was not complete. His- 
tamine (2000 mg), insulin (0.4 U) ,  formalin 
( 1 ml of 10% solution) and vasopressin (100 
m u )  ~ G J I  elicited an increase in plasma 
conticosterone levels in dexamethasone-pre- 
treated rats. No increments were observed 
after administration of the same agents in 
hypophysectomized rats. 
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