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The response to immobilization stress has been studied in intact, hypophysectomized
and hemidecorticated (bearing removal of the left cortical hemisphere) male rats. Blood
and adrenal corticosterone content was measured fluorimetrically in these animals, killed
at different intervals after the beginning of the stress.

In intact animals, a monophasic curve, stabilized after 10 minutes, was obtained in
blood, and a biphasic response occurred in the adrenal gland, with similar peaks at 5
and 30 minutes.

In hypophysectomized animals a decrease of adrenal corticosterone, parallel to a
blood increase, was found during the first 10 minutes. After 15 minutes the elevation
was simultaneous in blood and adrenal glands. In hemidecorticated animals no differ­
ence was found between the homo and heterolateral glands to the ablation, but the
adrenal basal level was higher than that in intact animals.

The gas-liquid chromatographic study has permitted observation of changes in the
relative concentrations of the different corticosteroids in the above mentioned groups.

The regulation of the endocrine system
is to a great extent automatic, due to
feed-back mechanisms and hormonal in­
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teractions. The modulatory role of the
nervous system on the hypothalamic-hy­
pophyseal axis has also to be considered.
Besides, some data suggest a more direct
control of the nervous vegetative system
on endocrine glands. Melander (20) and
Marshall (19) have brought up the role
of the sympathetic nervous system on the
thyroid function, through some /?, adre­
nergic receptors associated with Adenxl
Cyclase activity. In the adrenal gland, the
results of previous studies carried out by
our research group in animals bearin'® 
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hypophysectomy, adrenal grafts or lesions
of the nervous system at different levels
support also this hypothesis (8, 10, 28).
It has been shown that the vascular res­
ponse evoked by a neurogenic stress
depends on nervous cortical and hypotha­
lamic control, and the parenchymal res­
ponse seems due to the neurovegetative
system, as well as to the hypothalamic-
pituitary axis.

In the above mentioned reports the
adrenal cortical response to neurogenic
stress was studied by means of histologi­
cal, histochemical and karyometric meth­
ods, whose overall evaluation gives a
reliable estimation of the functional situa­
tion of the gland. Nevertheless, a new
approach has been attempted, in order to
confirm these results, using a more direct
index of the glandular function, such as
simultaneous measurement of blood and
adrenal corticosterone content. On the
other hand, this method allows study of
the precocious response to stress.

Materials and Methods

Male Wistar rats, aged between three
and four and a half month were used.
During the experimental time the animals
were held in the same conditions (light,
temperature, food, etc.) under which they
had been reared. The handling (stress,
sacrifice) was carried out in a room
adjacent to the stabularium, to minimize
uncontrolled stress.

Surgical techniques. The transaural
approach was used for hypophysectomies,
according w'ith the method of Tanaka
(29), modified in this department (8).
Twenty four hours were allowed for re­
covery before the stress was applied. For
hemidecortications, once a window was
open in the skull, the brain cortex was
sucked with a Pasteur pipette connected
to a vacuum pump, whose point was bent
90° (fig. 1). The animals were killed 15
days later.

Fig. 1. Mean extent of the hemidecortlca-
tions.

Left: Frontal section at the Chiasma Optician
level. Right: Frontal section at the Commissura
Anterior level. CC: Corpus Callosum. CA:
Commissura Anterior. CQ: Chiasma Optician.

Ill V: Third ventricle. I: Infundibulum.

Stress. The neurogenic stress (immo­
bilization) was achieved by having the
rats held in a prone position, with their
four limbs fixed to a wooden board for
five minutes. The stress period commenced
from the moment the animals were taken
from the cages where they had been
living. All rats that survived for more
than five minutes waited in individual ca­
ges. They were killed by decapitation, to
avoid agonic stress.

Quantitative measurement of corticoste­
rone. It was carried out according to the
fluorimetric method of Demoor (7), except
that readings were taken 30 minutes in­
stead of 5 minutes after adding the sul­
phuric acid-ethanol reagent. This modifi­
cation was introduced to obtain more
reliable data, since the fluorescence in­
tensity increases very quickly at the be­
ginning, reaching a plateau between 25
and 35 minutes. It was verified that, the
morphology of the curve intensity-time,
as well as fluorescence spectres were simi­
lar using standards of samples. Measure­
ment of adrenal protein content was per­
formed following Lowry (17).

Qualitative determination of corticos-
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teroids. Gas-Liquid Chromatography o5
(GLC) was used. Once the dichlorome­
thane extract was purified by thin-layer
chromatography (TLC) (2), the procedure
of Vandenheuvel (31, 32) was followed: 03
reduction of carbonyl groups with sodium
borohydride and obtention of trimethyl- k
silyl (TMS) ethers. §0.3

tt
ui

Statistical methods. Single (blood sam- <3
pies) or two-way (right and left adrenals)
analysis of variance Model I were carried J,
out after logarithmic transformation of
the data in order to avoid the heteroge­
neity of variances (F-max test). Since the 0,1
overall analysis of variance was found
significant in all the cases, and no dif­
ference was detected between left and
right glands, an SNK a posteriori test
was applied to study the differences
among means. The results are given
graphically at the bottom of figures 2, 3
and 4. Statistical methods were taken
from Sokal and Rohlf (27).

Results

Intact animals. The time courses of
blood and adrenal corticosterone elevation
after stress in intact animals are shown
in figure 2. Blood response is monopha-
sic, reaching a plateau after 10 minutes.
Adrenal curve is biphasic with a peak at
5 minutes and another of similar size at
30 minutes.

Hypophysectomized animals. The time
courses of blood and adrenal corticoste­
rone elevation after stress in hypophysec­
tomized animals are shown in figure 3.
For the first 10 minutes, the decrease in
the gland parallels the increase in blood,
but after 15 minutes a rise occurs simul­
taneously in blood and in the adrenal
gland.

Hemidecorticated animals. The adre­
nal response to stress has been similar to
that shown by intact animals, except that

Fig. 2. Time courses for blood and adrenal
corticosterone elevation after immobilization

stress in intact rats.
Mean corticosterone values and confidence lim­
its (n — 9) are plotted against time of survival 
since the beginning of the stress.-------- : adre­
nal corticosterone (jug/mg Pr);---------- : blood
corticosterone Q<g/ml). Statistical analysis is
shown at the bottom: the means are arranged
in increasing order as indicated by the arrow.
They are significantly different when a line is
drawn between: x----\ = p < .01; —

P < .05.

basal levels in the gland were lower in
the latter (fig. 4).

GLC. These are preliminary results,
thus, numerical data arc not given. The
only corticosteroid found in blood was
corticosterone. In the adrenal gland, ac­
cording to increasing retention times,
progesterone (P), deoxycorticosterone
(DOC) and corticosterone (C) were pres­
ent in all the groups. In intact animals
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Fig. 3. Time courses for blood and adrenal
corticosterone elevation after immobilization

stress in hypophysectomized rats.
See Figure 2 for further details.

with or without stress an unidentified peak
appeared, between DOC and C, which
was named peak 3. It became very rele­
vant in hypophysectomized and hemidc-
corticatcd animals (adrenal homolateral
to the ablation) in basal conditions, and
disappeared with the stress.

The amount of corticosterone, related
to the other steroids, increased in the
groups subjected to stress, and the ratio
P DOC was reversed (DOC increased) in
hemidecorticated animals, with or without
stress, with regard to intact or hypophy­
sectomized animals.

Discussion

Several forms of response to acute
stress have been reported, depending on
the type of stimulus and the way it has
been applied. Ether induces a quick and

Fig. 4. Response to immobilization stress in
hemidecorticated rats.

Blood (open columns) and adrenal (dashed
columns) corticosterone content (n = 12), in
basal conditions (C: intact; HDC: hemidecor­
ticated) and 30 min. after the beginning of the
stress (C + S: intact; HD + S: hemidecortica­

ted). See Fig. 2 for further details.

persistent rise in plasma ACTH and cor­
ticosterone. If the animal is previously
anaesthetized corticosterone increases
slowly, but reaches the maximum more
or less at the same time as the former.
The handling of the animal for an interval
similar to that employed for ether anaes­
thesia reduces the response to a quick
and brief rise of ACTH, as well as corti­
costerone (5, 6, 15). Thus, two types of
response can be described: one is pre­
cocious and transient, due to «emotional»
stimuli, and the other, slow and persistent.
due to «systemic» stimuli. If the emotio­
nal component is not eliminated, or the
intensity or duration of the stimulus in­
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creases (18), a mixed response can be
obtained, with a quick and persistent
[sometimes in two phases (3)] increase in
plasma corticosterone, and a biphasic
curve, with a peak between 2 and 3 min­
utes, and another between 20 and 30
minutes in plasma ACTH (6). A similar
behaviour has been described for CRF
as well (25).

The curve obtained in plasma under
immobilization stress is of the mixed type
(fig. 2). The precocious response of the
adrenal gland has not been reported yet.
The latter rise, around 20 or 30 minutes
after the beginning of the treatment, has
been studied under ACTH or different
types of stress (1, 25). The curve shown
in figure 2 is biphasic, and looks strikingly
similar to that reported for ACTH. except
for a delay of 2 or 3 minutes, which is
the latency interval described in vitro
between the addition of ACTH and the
release of corticosterone (4).

The fact that previous attempts have
failed to show corticosteroidogenic res­
ponse to neurogenic stress in hipophysec-
tomized animals can be explained because
pentobarbital anaesthetized rats were used
(11, 23), and this drug prevents the rise
of corticosterone induced by neurogenic
stimuli (9). According to the data present­
ed here (fig. 3), it is possible to distin­
guish two phases in the adrenal response.
At the beginning, release of corticosterone
seems predominant, since decrease in
adrenal content parallels increase in blood.
The later increase in adrenal steroid con­
tent suggests an active process of corti­
costerone synthesis. These results are in
agreement with those obtained previously
with morphological methods, which
showed a certain degree of cellular hyper­
activity (8).

The existence of an initial period of
corticosterone release suggests some form
of hormone storage. The lack of organular
storage systems (like catecholamine drop­
lets in the adrenal medulla) has been
established for cortical adrenal cells. Nev­

ertheless. two pools of corticosterone,
dyalizable and non-dyalizable, have been
reported, as well as changes in the sub-
cellular distribution of these two forms
under different treatments: ACTH, hy-
pophysectomy, etc. (13, 14).

Other authors have been able to show
a certain degree of basal corticosterone
synthesis in hypophysectomized animals,
by studying the transformation of labeled
cholesterol into radioactive corticosterone
(26). In our study, none of the previous
ACTH could be present in the animals,
since the half-life of this hormone is
about 10 minutes, and they were killed
twenty-four hours after the hypophysec-
tomy. Only animals bearing total hypo-
physcctomy were used (fig. 5). A small
fragment of pars tuberalis of the adenohy­
pophysis. whose function is still unknown
(21), remained around the upper pituitary
stalk. The infusion of CRF by way of the
internal carotid artery has no steroidogen­
ic effect in such animals (22), therefore,
the small rate of synthesis observed could
not be attributed to the remaining fragment
of pars tuberalis. On the other hand, the
interval between the beeinnina of the

Fig. 5. Pituitary stalk after transaural hypo-
physectonry.

Sagittal section of the diencephalon showing the
floor of the third ventricle. 1: Remaining pi­

tuitary stalk. 2: Remaining Pars Tuberalis.
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stress and the increase in adrenal corti­
costerone (at least 10 minutes) makes
unlikely the possibility that the latter is
mediated by ACTH, whose effects are
apparent after 3 minutes in intact animals.

Once the pituitary factor has been
avoided, the steroidogenic response could
be attributed to the neurovegetative factor.

The results obtained in animals bearing
a removal of the left cortical hemisphere
agree with previous results (28) in the
slight basal hyperactivity found at the
glandular level. Nevertheless, we have
been unable to confirm the difference
between homo and heterolateral adrenals
(24, 28). It could be explained because
the vegetative cortico-spinal pathway des­
cribed by Ullan (30) is bilateral, although
mainly heterolateral. Thus, the cortical
influence has not been completely avoided
in the side of the ablation. Moreover, the
response obtained in hypophysectomized
animals is ten times lower than the nor­
mal one, and is probably masked in the
presence of ACTH. Furthermore, the
process of telencephalization is relatively
rudimentary in the rat. 15 days after the
operation, the animals showed a practi­
cally normal motility, which implies a
great degree of substitution by lower
centres. Similar events could happen at
the neurovegetative system level.

Only two reports dealing with GLC of
rat adrenal steroids were found. The ab­
sence of some of the steroids mentioned
by Kittinger (16), like aldosterone, de­
hydrocorticosterone, etc., could be ex­
plained because of the different proce­
dures of purification and preparation of
derivatives. According to the retention
times, peak 3 might correspond to 11-hi-
droxyandrostcnedionc. 18-hidroxyproges-
terone. 11-ketoprogestcrone or some un­
identified steroid. Hoizbalir (12) has
studied the effect of the stress on the
concentration of pregnenolone, progeste­
rone and corticosterone. The latter shows
in all the cases the highest amount.
However, its increase, related to those of 

the other steroids mentioned above, is
lower, which does not agree with our
results. It should be taken into account
that, the kind of stress (cold) as well as
the survival period (15 minutes instead
of 30 in our study) were different.

The results presented here suggest that
some differences exist among the relative
concentrations of the various corticoste­
roids of the rat adrenal gland subjected
to different situations, which implies some
modifications of the steroid metabolism.
Further studies of these modifications can
bring to light interesting data in order to
understand the function of the adrenal
cortex.

Resumen

Se estudia la respuesta al stress neurdgeno
de inmovilizacion en ratas macho, intactas, hi-
pofisectomizadas y hemidecorticadas, determi-
nando fluorimetricamente el nivel de corticos-
terona en sangre y en ambas suprarrenales, en
animates sacrificados a distintos intervalos des­
de el comienzo del stress.

En ratas intactas se ha obtenido, en sangre,
una curva monofdsica, con estabilizacion a
partir de los 10 minutos, y en suprarrenal, una
respuesta bifdsica, con un pico a los 5 minu­
tos y otro de similar magnitud a los 30.

En animates hipofisectomizados se ha encon-
trado, en los primeros 10 minutos, un descenso
de corticosterona en suprarrenal paralelo al
aumento en sangre. A partir de los 15 minutos
la elevaci6n ha sido simultanea en sangre y
suprarrenal.

En animates hemidecorticados no se han ha-
llado diferencias entre las gtendulas homo y
heterolaterales a la ablacion, si bien el nivel
basal en suprarrenal era superior al que pre-
sentaban los animates intactos.

En el estudio por cromatografia en fase ga-
seosa se observan diferencias en las concentra-
ciones relativas de los distintos corticosteroi-
des en los grupos citados.

References

1. Ahren, J., Hansson, G. and Hedner, P.:
Acta Endue. (Khn), 59, 652-667, 1968.

2. Angelico, R., Cavina, G., D’Antona, A.



NEUROVEGETATIVE CONTROL OF THE ADRENOCORTEX 175

and Giocoli, G.: J. Chromatog., 18, 57-
58, 1965.

3. Basset, J. R. and Caincross, K. D.:
Pharm. Biochem. Bchav., 3, 139-142, 1975.

4. Bell, J., Brooker, G. and Hardling, B.
W.: Biophys. Biochem. Res. Commun.,
41, 938-943, 1970.

5. Beraud, G., Lescoat, G., Jego, P. and
Maniey, J.: C. R. Soc. Biol. (Paris), 164,
1644-1650, 1970.

6. Cook, D. M., Kendall, J. V., Greer, M.
A. and Kramer, R. M.: Endocrinology,
93, 1019-1024, 1973.

7. Demoor, P.: Acta Endoc. (Knb), 33, 297-
306, 1960.

8. Fernandez Matias, O.: Rev. Med. Univ.
Navarra, 16, 323-338, 1972.

9. Gibbs, F. P.: Amer. J. Physiol., 217, 78-
83, 1969.

10. Gonzalo Sanz, L. M.: Anal. Anat., 14,
285-294, 1965.

11. Guillemin, R., Clayton, G. W., Smith,
J. D. and Lipscomb, H. S.: Endocrinology,
63, 349-358, 1958.

12. Holzbauer, M. and Newport, H. M.: J.
Physiol. (London), 193, 131-140, 1967.

13. Inaba, M., Kamata, K., Imai, S. J. and
Nakao, T.: J. Steroids Biochem., 3, 907-
917, 1972.

14. Inaba, M. and Kanata, K.: Endoc. Jap.,
21, 437-447, 1974.

15. Jego, P., Lescoat, G., Beraud, G. and
Maniey, J.: C. R. Soc. Biol. (Paris), 164,
2117-2121, 1970.

16. Kittinger, G. W.: Steroids, 3, 21-42, 1964.
17. Lowry, O. H., Rosebrough, N. J., Farr,

A. L. and Randall, R. J.: J. Biol. Cliem.,
193, 265-275, 1951.

18. Makara, G. B., Stark, E., Palkovits, M.,

Revesz, T. and Mihaly, K.: J. endoc.,
53, 389-395, 1972.

19. Marshall, N., Von Borcke, S. and Gor­
don Malan, P.: Endocrinology, 96, 1513-
1519, 1975.

20. Melander, A., Ranklev, E., Sundler, F.
and Westgren, U.: Endocrinology, 97,
332-336, 1975.

21. Porter, J. C., Ondo, J. G. and Cramer,
O. M., in: «Handbook of Physiology®,
Secc. 7, Vol. IV, Part 1, Amer. Physiol.
Soc., Washington, 1974, p. 37.

22. Porter, J. C., Dharival, A. P. S. and
Me Cann, S. M.: Endocrinology, 80,
679-688, 1967.

23. Purves, H. D. and Sirett, N. E., Endo­
crinology, 83, 1377-1380, 1968.

24. Reinoso, F.: Acta anat. (Basel), 64, 1-9,
1966.

25. Sato, T., Sato, M., Shinsako, J. and
Dallman, M. F.: Endocrinology, 97, 265-
274, 1975.

26. Shima, E. R. and Pincus, G.: Endocri­
nology, 84, 1048-1054, 1969.

27. Sokal, R. R. and Rohlf, F. J.: Biom­
etry, W. H. Freeman and Co., San Fran­
cisco, 1969.

28. Suescun, A.: Tesis Doctoral, Facultad de
Medicina. Pamplona, 1974.

29. Tanaka, A., in: «Experimental Endocri­
nology, a source-book of basic techniques®
(Zarrow, Yochim and McCarthy, ed.),
Academic Press, New York, 1964.

30. Ullan, J.: An. Anat., 24, 149-178.
31. Vandenheuvel, F. A.: J. Chromatog., 96,

47-78, 1974.
32. Vandenheuvel, F. A. and Court, A. S.:

J. Chromatog., 38, 439-459, 1968.
33. Vandenheuvel, F. A. and Court, A. S.:

J. Chromatog.. 39, 1-16, 1969.

2




