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Effect of median eminence mediated cortisone and cold
stress on pituitary histology
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Abstract. Stereotaxic implantation of 200 p.g cortisone pellet in agar were placed in
the median eminence region in male albino rats of Holtzman strain. A group of
cortisone implanted animals were exposed to cold stress (8 ± 1DC) and the other group
was kept in the animal house (2S±2DC) . After 3 and S days of implantation, the
animals were autopsied and the changes in histology of the pars distalis and pars
intermedia were studied. Hypertrophy of basophils was observed in the implanted
group and the additional stress of cold resulted in gradual degranulation of ACTH
cells by the third day and complete abolition of ACfH cells with infarction by the end
of fifth day. A significant increase and degranulation of cells in the parts intermedia
could be observed in the cortisone implanted, cold stressed group as compared to those
kept in the animal house. These groups are compared with the pituitaries of sham
operated groups.
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I, IntrodUCtiOD

The role of central nervous system and the level of corticosteroids in regulation of
adrenocorticotrophic hormone (ACTH) is a well established fact in recent years.
Implantation of ACTH and its blocking steriods like dexamethasone and cortisol
alters the corticotrophin releasing factor (CRF) level in the median eminence, pituitary ACTH and overall activity of adrenal glands (Davidson and Feldman 1963;
Motta et 011965, 1970). On the other hand, the changes in the pituitary histology
of rat on adrenalectomy, administration of corticosteroids and stalk sectioning also
have been studied. Adrenalectomy causes hypertrophy and vacuolation of basophils
(Knigge 1957; Siperstein 1963; Kraicer et 011967). Administration of corticoids
through injection or implantation results in degranulation and an increase in the
number ofbasophils and a decrease in acidophils (Golden and Bondy 1952; Kallman
and Gordon 1954; Imura 1962),and elimination of ACTH cells (Siperstein and Miller
1973). Emphasis of pituitary-adrenal axis during cold stress is also not new to literature of neuro-endocrine physiology (Sayers 1950; Kolthoff 1963; Edens and Siegel
1975). By combining the above facts, an attempt has been made in the present study
to show the changes in the histology of pars distalis and pars intermedia following
cortisone implantation and cold stress response.
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2. Materials and methods

Three month old, colony bred, male albino rats of Holtzman strain were used. The
animals were kept in a light (14 hr light and 10 hr dark), temperature (25±2°C)
controlled animal house and provided with commercially available rat feed (Hind
lever) and water ad libitum.
2.1. Implantation

200 p.g cortisone pellet (Kendall's compound E, tJ.' -Pregnen-17a-21-<liol3, 11, 2o-trione, obtained from Sigma Chemicals, USA) in agar was implanted
stereotaxically at the median eminence. A small opening was made in the skull
with a dental drill and through this the needle for implantation was inserted. The
co-ordinates used were 2 mm posterior to bregma, 2 mm lateral to the midline and
9·5 mm deep. During implantation the animals were anaesthetised with nembutal
(sodium pentabarbital) supplemented with ether. After the insertion of the needle
lateral x-ray exposures (figure 1) were made and the plates developed immediately
to confirm the site of implantation. After confirming the site, the pellet was implanted, the needle removed and the hole in the skull was closed by using dental
cement. As a control, sham implantation was done with each experimental group.
The animals were then divided into two groups. One group was kept in the animal
house and the other was exposed to cold stress.
2.2. Exposure to cold stress

Both sham operated and cortisone implanted animals were immediately transferred
to cold after their recovery from anaesthetic effect. Single animal per small cage
was kept in the lower compartments of the refrigerator, where the temperature was
8 ± I'C, Light inside the refrigerator was arranged such that the animals were
getting 14L-IOD, the timings of which synchronised with that of the animal house.
After implantation, the four groups of animals i.e. sham and cortisone implanted
kept at 25±2°e and sham and cortisone implanted, exposed to cold stress were not
fed. They were all autopsied on the third and fifth day after implantation and the
Table 1. Effect of sham operation and cortisone implanation on mortality of male
albino rats of Holtzman strain
Mortality

Group

Treatment

Room Temperature

Sham operated

10

Nil

Cortisone
implanted

16

18% (survived for
6 days after
implantation)

Sham operated

10

12% (survived
between 4-6 days)

Cortisone
implanted

18

2S ± 2°C

Cold acclimated
8 ± 1°C

No. of rats

41 % (survived
between 2-S days)
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Figure I. X-ray microphotograph to show the implantation site in the: median
eminence.
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Figures 2 A-F.

(Captions in p. 395)
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l'lgure2. A. Pars distalis from sham implanted normal (25 ± 2°C) male rat showing
the PAS+ and PbH+ cells of uniform size, x 600. B. Pars distalis of cortisone implanted normal male rats after 3 days of implantation showing hypertrophy of PAS+
cells and dcgranulated PbH+ cells, ;< 600. C. Some as 28 but after 5 days of implantation showing more of degranulation of PbH+ cells, x 600. D. Pars distalis
from sham implanted and cold stressed (8 ± 1°C) male rat. PAS/PbH. x 600.
E. Pars distalis of cortisone implanted and cold stressed male rat after 3 days of implantation showing the completely degranulated PbH+ cells. x 600. F. Same as 2E
but after 5 days of implantation showing the initial stages of infarction. G. Same
as 2F but showing several zones of infarction manifested by replacement of basophils.
(Note: The plus mark in the figures denote the hypertrophied and degranulated cells).
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Figure 3. A and B. The pars intermedia of sham implanted (3A) and cortisone implanted (3B) normal male rats. C and D. The same of sham (3C) and cortisone
implanted cold stressed (3D) male rats. 3D showing darkly stained and degranulated
hypertrophied pars intermedia cells which are not seen in the other three, x 600.
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pituitaries were fixed in Bouins Hollande, The paraffin sections (7-10 p.) were stained
by PAS and Lead-Haematoxylin (MacConaill 1947).
The survival rate of rats after implantation of cortisone both at room temperature
and on cold acclimation were compared with those of their counter part (table 1).

3. Results
The effect of cortisone implantation on the histology of pars distalis and pars intermedia shows a variation between the animals exposed to cold stress and those of
animals kept in the animal house. This variation is also of significance when sham
and cortisone implanted groups at the same temperature are compared. The animals
were autopsied on the third day after implantation and the animals exposed to cold
stress were dying after fifth day of implantation (table I), a group was also autopsied
on the fifth day of implantation. In figure 2, the sham. experimental of third and
fifth day of implanted pars distalis of only cortisone implanted (figures 2A, 2B. 2C)
and of the same of cold stressed (figures 2D. 2E. 2F) has been shown. In the pars
distalis hypertrophy of PAS positive and lead-haematoxylin (PbH) positive or
basophils can be clearly made out on the third day of implantation in the only
cortisone implanted group (figure 2B). The ballooning effect of'basophils is clear in
cortisone implanted rats kept at room temperature (figure 2B) compared to sham
implanted (figure 2A). Some of the cells show degranulation and it is more pronounced in the rats of fifth day of implantation, as compared to the third day of
implantation (figures 2£ & 2F), pointing to be the source of ACTH production.
Development of large intracellular vacuoles in pars distalis of rats implanted with
cortisone and exposed to cold stress could be observed, whereas such a change was
not seen in the sham of the cold stressed group (figures 2E and 2D). As an adaptive
measure, the cold stressed sham operated group (figure 2D) show a slight increase in
the basophils as compared to its counterpart sham operated and kept at room temperature (figure 2A). In figure 2F the degranulation of basophils is prominent with
many vacuities in acidophils, showing the absence of ACTH production in acidophils,
which may be the reason why the animals died after the fifth day of implantation. In
some, several zones of infarction manifested by replacement of basophils with
dense fibrous connective tissue in the cold stressed group (figure 2G) could be made
out.
The pars intermedia also show a change in its cellular size (figure 3). The hypertrophy is prominent in cold stressed group (figure 3D) than in others. The degranulation of MSH cells can also be observed in this group.

4. COIIdasioM

Even though innumerable evidences are there to show the regulation of pituitary by
the hypothalamus in mammals (Yates et al 1971; Feldman 1973) but they deal with
the mechanism of control of pars distalis of the pituitary and relatively less attention
has been paid for the control of pars intermedia. The physiological (Doar et a/l970;
Gosbee et a/l970; Kraker et aI1971), morphological (Porte et a/1971; Stoeckel et al
1971; Dellmann et a/1973) and biochemical (Thody 1968) studies have shown that
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the pars intermedia is also associated with ACTH synthesis. Further Mialhe-Voloss
(1958) and Baker (1972) suggest the possible origin of ACTH within the MSH cells
of the intermediate lobe. In the present study, the hypertrophy and degranulation
ofbasophils in the pituitary of cortisone implanted only and cold stressed, with cortisone implantation suggests the impairement of ACTH synthesis and release due to
negative feedback. The additional stress (cold) not only effects pars distalis but also
pars intermedia quicker than just implantation of cortisone. A similar significant
increase in basophils was observed in the pituitary of rats administered with cortisone
and exposed to 4°C (Golden and Bondy 1952) and by implanting cortisone near the
hypophysis (Kallman and Gordon 1954).
The present observation corresponds to the supposition of Gosbee et of (1970)
that the intermediate lobe may be either directly involved in the synthesis of ACTH
or a precursor of ACTH may be synthesised in this region, the rate of which depends
on the rate of secretion of ACTH or the substance secreted may be controlled by the
same feed-back system as that regulating ACTH secretion.
Sellers et of (1951) have studied the essential role of cortical and thyroid hormones
for prolonged survival of rats in cold environment. The mortality rate in the present
study suggests that the inhibition of corticosteroid production alters the metabolic
activity of the animal and this inhibition is quicker on cold stress.
The corticotrophic activity of neurointermediate lobe extracts has been clearly
established for the rat and this ACTH plays a particular physiological role as it is
selectively released after neurogenic stresses (Rochefort et of 1959; Scott et of 1972).
Through electron microscopic application of immunocytochemistry, ACTH in the
corticotrophic cells of pars distalis and in the MSH cells of pars intermedia has been
localised (Moriarty 1972; Moriarty and Halmi 1972). In both these cell types the
secretory granules stain intensely. Moriarty (1972) claims that a particular ACTH
elaboration mechanism to be present within MSH producing cells. This gives a
strong support to the present work that ACTH of pars distalis has a direct effect
on the secretory granulaes of MSH cells of pars intermedia.
This suggests that any disturbance in the ACTH synthesis and release in the corticotrophic cells of pars distaIis would affect the ACTH content in the pars intermedia.
The marked inhibitory effect by degranulation with locally applied cortisone may
possibly be related to the negative feed-back exerted by corticoids in the median
eminence through CRF on the secretion of ACfH.
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