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as well. The fact that this acid is the major 
anion of the squid axone(1) and has been 
suggested as a regulator of irritability in 
the dog heart ( 15) prompts study of isethionic 
acid levels in nervous and other human 
tissues. 

Summary. The derivatives of orally ad- 
ministered 35S taurine have been studied 
in the urine uf normal and mongoloid 
subjects. Using paper and ion exchange 
column chromatography, 2-hydroxyethane- 
sulfonic acid (isethionic acid) and sulfate 
were found to be the major derivatives. One 
major and two minor radioactive constitu- 
ents remain unidentified. 14C taurine ad- 
ministration indicated that the isethionic acid 
is derived directly from taurine rather than 
from reincorparation of sulfate. The present 
study also demonstrates the usefulness of 
anion exchange column chromatography for 
the separation of 35S taurine derivatives. 
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Previous literature on the response of the 
neonatal rat to stress indicate an inability 
of stressful stimuli to activate the pituitary 
adrenal axis ( 1-9). Jailer (2) suggested that 
a post-natal period was necessary for matura- 
tion of the pituitary-adrenal system and 
Schapiro(8) has concluded that the rat goes 
through a stress-non-responsive period dur- 
ing the first 8 days of life, which he de- 
scribes as “that stage in an animal’s early 
life when pituitary-adrenal activation is not 
evoked by stressor agents.” Leeman (9) as 
well as Baca and Chiodi( 10) have reported 
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somewhat similar data. But, contrary to 
the above, we( 11,12) and Levine( 1 3 ~ 4 )  
have recently demonstrated that such stress 
situations as heat or electric shock will in- 
duce the release of adrenal corticoids in the 
2- to 3-day-old rat. 

The discrepancy between our results and 
those of Schapiro and others has been re- 
solved by the finding that the type of stressor 
employed, the time interval between stimu- 
lation and sacrifice, and the endpoint used 
are all critical parameters( 12). 

The current study is an extension of our 
previous findings and investigates qualita- 
tively different stressors to determine which 
are capable of inducing an increased release 
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of corticosterone from the adrenal gland of 
2-day-old rats. 

Method and materials. The subjects were 
Purdue-Wistar albino rats or hooded rats. 
All litters were reduced to 6 pups of the 
same sex on Day 1 of life. In all but one 
of the experiments described below males 
were used. The experimental treatments were 
administered on Day 2 between 6:OO A.M. 
and 9:30  A.M. Each experiment employed 
the splitdlitter procedure: 2 pups from each 
litter were randomly assigned to the control 
condition and 2 pups from the same litter 
were randomly assigned to  each of the ex- 
perimental treatments. Thus, it was possible 
to have a control condition and 2 different 
experimental treatments within each litter of 
6 animals. Six litters were employed in each 
experiment described below, unless other- 
wise indicated. 

Experiment 1 : Histamine and ligation. 
Two control animals were decapitated as soon 
as they were removed from the maternity 
cage. Two other animals were injected (I.P.) 
with 2 mg of histamine dihydrochloride in  
0.55 ml Krebs ringer solution. The last 2 
animals within the litter had surgical silk 
tied tightly just above the knee of the 
right hind leg. The ligature was tight enough 
to cause the animals to squeal. Following 
the initial stress each pair of animals was 
placed in a gallon can partly filled with shav- 
ings; the can was covered with a paper 
towel. Eighteen minutes after stress onset 
the animals were decapitated. 

Experiment 2: Histamine and ligation. The 
same experimental procedure was followed 
with 6 other litters except that an interval 
of 33 minutes elapsed between stress onset 
and decapitation. 

Experiment 3: A C T H .  Controls were 
killed as soon as removed from the mater- 
nity cage. Two littermates received an I.P. 
injection of 25 mu ACTH in .05 ml Krebs 
ringer solution. These pups were then placed 
in the gallon can as described above and 
killed 18 minutes after the injection. 

Experiment 4: Cold stress. Two controls 
were killed immediately while 2 other pups 
from the litter were placed on crushed ice 
and covered with a paper towel for 3 minutes; 

after this they were transferred to a can 
containing shavings where they remained for 
an additional 15 minutes. These rats were 
killed 18 minutes after onset of the experi- 
men tal treatments . 

Experiment 5:  Cold stress. The same ex- 
perimental procedure was followed with 6 
other litters except thfat 33 minutes elapsed 
between onset of the experimental treatment 
and decapitation. 

Experiment 6: Response of females t o  
electric shock and heat. T o  determine whether 
sex differences affected the adrenal response, 
previous experiments from this laboratory 
( 1 1,12) were repeated except that female 
Purdue-Wistar rats were used. Controls were 
decapitated a t  once. Two females received 
3 minutes of .8 ma. electric shock from a 
scrambled constant current A.C. shocker. Two 
other females were suspended by a nylon 
mesh basket in a thermo-regulated chamber 
maintained a t  63' -t- 2°C for 3 minutes. 
After this all animals were placed by pairs 
into cans partially filled with shavings and 
were killed 15 minutes thereafter. 

Experiment 7:  Response of male hooded 
rats to  heat. T o  determine whether the find- 
ings could be generalized from one strain 
of rats to another, male hooded rats were 
subjected to the same heat treatment as 
described above and in previous experiments 
(1  1,12). Again, the controls were killed as 
soon as removed from the cage and the treated 
animals were killed 15 minutes after the 
exposure to heat had been terminated. Nine 
litters were used. 

Corticosterone determinations. T o  obtain 
a sufficient quantity of material the blood 
from each pair of subjects was pooled; in 
the same fashion the adrenals from each 
pair were pooled. After this, levels of plasma 
corticosterone and adrenal corticosterone in 
each sample of plasma were determined by 
a modification of the fluorometric procedure 
of Silber, Busch, and Oslapas ( 15) .  

Resd t s .  The mean level of plasma and 
adrenal corticosterone for each experimental 
treatment is summarized in Table I. The 
analysis of variance procedure was used to 
evaluate the significance of the mean differ- 
ences ( 16) .  
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TABLE I. Mean Plasma and Adrenal Corticosterone for  All Experimeiits. All aniinalu were 
2 days old. 

No. of 
Time litter- 
lapse mate Plasnia Adrenal 

Exp No. Strain Sex ( f i n )  pairs Treatment. (pug/lOO ml) S.E. (pg/lOO mg) S.E. 

1 Albino 

7 Hooded 

Albino $ 

~ ~~ 

6 
6 
6 

” 33 6 
6 
6 

” 18 6 
6 

” 18 6 
6 

” 33 6 
6 
6 
6 

9 18 

6 

8 18 

9 
9 

8 18 

” 18 20 
6 
6 

cont.ro1 
Histamine 
1,igation 
Cont.ro1 
Hi st amine 
Ligatj on 
Con t.rol 
ACTH 
Control 
Cold 
Control 

Control 
Shock 
Heat 
Control 
Heat 
Control 
Shock 
Heat 

cola 

~~ 

10.51 2.84 
24.15 t 
12.48 
14.54 1.21 
33.69 t 
16.72 
12.03 1.54 
30.18” 
13.46 1.23 
16.30 
13.97 2.19 
20.82 
9.23 2.02 

14.00 
19.06 t 
11.39 .98 
15.47* 
11.15 
14.78 
22.61 t 

3.23 .56 
10.24t 

3.74 
4.39 1.20 

23.64t 
5.80 
5.05 1.62 

25.06 t 
2.88 .19 
2.67 
3.73 .45 
2.83 
2.22 5 9  
3.04 
6.67t 
4.32 .49 
6.16” 
3.77 
2.87 
7.74t 
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* Significant at .05 level when compared with controls. 
t Significant at .01 level when compared with controls. 
$ Data  from Zarrow et aZ( 12).  

Effects of histamine and ligation. The his- 
tamine injection significantly increased the 
level of adrenal and plasma corticosterone 
in both experiments (p<.Ol in all 4 in- 
stances). I n  none of the comparisons did 
the ligature have any effect upon the adrenal 
response. 

Effects of ACTH. A significant corticoste- 
rone increase (p<.Ol) was found in both 
adrenal and plasma levels following ACTH 
injection. 

Effects of cold stress. Cold stress in- 
creased the amount of plasma corticosterone 
found 33 minutes after onset of the experi- 
ment, and the difference approached signifi- 
cance via the analysis of variance ( p <  .lo). 
In addition, in all 6 litters the cold stressed 
pair had a higher mean value than the cor- 
responding conltrols. The probability of this 
occurring by chance alone is ( 1/2)6  which is 
significant a t  less than the .02 level. Cold 
stress was not significant in any of the other 
3 comparisons. 

Response of females t o  electric shock and 
heat. Females subjected to heat stress dif- 

fered significantly ( p <  .Ol) from controls 
on both the plasma and adrenal measures. No 
differences were found between shocked and 
control females and these findings are in 
complete agreement with our previous data 
(11,12). In Table I we have presented the 
mean male values from the Zarrow et a1 
paper which are directly comparable to the 
female data in this experiment. There is good 
agreement between these two sets of data, 
indicating that sex is not a critical variable 
when evaluating plasma and adrenal corti- 
costerone a t  this age, and that both males 
and females may be combined in an experi- 
ment. 

Although the analysis of variance did not 
find any significant difference between con- 
trol and shocked females, inspection of the 
data revealed that, for each litter comparison, 
the mean corticosterone value was greater 
for the shocked pair (than for the littermate 
control. This was true bath for the plasma 
corticosterone and adrenal corticosterone 
measures. The probability of this occurring 
by chance alone for either measure is less 
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than .02. Therefore, it may be concluded 
that electric shock does have a significant 
effect, but the effect is of a small magni- 
tude. This small difference may be attributed 
to the 18 minute interval between shock 
onset and killing. We have previously shown 
that a larger, and highly significant differ- 
ence will occur if the time interval is extended 
to 33 minutes ( 12). 

Response of hooded rats t o  heat. Heat 
brought about a significant increase in both 
plasma and adrenal corticosterone ( p <  .OS) 
in the hooded rat. Though the resting levels 
for the two strains are very similar, there is 
a quantitative difference in response to the 
heat stress with the albino strain respond- 
ing at a much higher level than the hooded 
animal. 

Discussion. It is apparent from these re- 
sults that the pituitary-adrenal axis of the 
2-day-old rat will respond to a stressful 
situation, that no sex difference exists a t  this 
age and that the same qualitative findings 
are obtained in the two strains of rats. An 
increase either in plasma or adrenal gland 
corticosterone levels was noted following 
such varied stimuli as ACTH, histamine, 
shock, and heat. T o  a limited extent cold 
also produces an increase but the results of 
this stimulus were not as clear-cut as the 
others. 

The major purpose of this investigation 
was to determine whether the adrenal gland 
of a 2-day-old rat can respond to a variety 
of stressors. The question is answered in 
the affirmative except for the experiment 
using a ligature as the stressor. I t  is inter- 
esting to speculate on the failure of the 
ligature experiment to result in any change 
in plasma or adrenal corticoid levels. Fortier 
(17,18) has “divided stressors into two 
groups: ‘neural’ and ‘systemic,’ according to 
whether they activated ACTH release solely 
by the mediation of the nervous system or 
could act on the pituitary through the sys- 
temic circulation.” The outstanding feature 
of the stimulus involved in the ligature experi- 
ment would appear to be its neural nature 
(19). These results would tend to indicate 
that the pitutary-adrenal-axis is operative 

in the 2-day-old rat but that the neural com- 
ponent in the system is not active as yet. 
Indeed Schapiro(20) points out that ade- 
quate ACTH is present in the pituitary gland 
to stimulate the adrenal cortex. 

The present findings extend our previous 
conclusion( 12) that activation of the adrenal 
gland following stress is affected by the type 
and severity of the stressor used and includes 
such parameters as dosage, length of treat- 
ment or exposure, type of response measured, 
and time after exposure a t  which the meas- 
urement was taken. 
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