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ABSTRACT

Primary monolayer cultures of adrenocortical cells were 
established from adult female rats of the Wistar strain by single 
treatment with collagenase type II. This lot of collagenase had 
been evaluated for collagenase, clostripain, caseinase, and tryptic 
enzyme activities. The adrenocortical cells were maintained in 
Dulbecco's Modified Eagle's Medium, Fetal Calf Serum, and 
gentamycin. Morphological observation of cultures revealed the 
presence of epithelial cortical cells and absence of medullary cells 
(epithelial or fibroblastic). The cells contained cytoplasmic lipid 
granules. In an attempt to localize sites of 3 Beta - 
hydroxysteroid dehydrogenase activity, cytochemical experiments 
were performed.
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INTRODUCTION

The advantages of investigating biological and medical problems through 
the study of living cells and tissues in vitro have become evident in recent 
years (Greer,1986). In vitro techniques, which required years to develop, are 
now being used to diagnose tumors, study in vitro transformation of normal to 
malignant cells, study the production of vaccines for viral diseases, determine 
the nutritional requirements of cells, test oncolytic agents, and analyze cell 
structure and behavior in response to various environmental agents (Porter 
and Claude, 1945).

Adrenocortical cells have been used in in vitro studies. The ability to 
establish primary cultures of rat adrenocortical cells has allowed researchers 
to investigate the needs of steroid secreting cells. Morgan and O'Hare (1979) 
have shown that primary monolayer cultures of rat adrenocortical cells 
continue to secrete in vitro the spectrum of steroids produced in vivo and to 
respond to normal trophic stimuli such as ACTH.

These adrenocortical studies have revealed that different cell types have 
different proliferative abilities in vitro. One cell type that has demonstrated 
great proliferative capacity in vitro is the fibroblast. Auersperg and Farcnik 
(1984) reported that fibroblasts overgrow other cell types in culture under 
high concentrations of Fetal Calf Serum. These fibroblastic cells also lack 
steroidogenic activity. Epithelial cells of the adrenal cortex, on the other 
extreme, are active steroid secreting cells with low proliferative capacity.

This experiment had three objectives:
(1) to establish a line of epithelial cortical cells

(2) to assess cell structure and function in vitro and compare 
to in vivo

(3) to assess the effect of extract containing atrial natriuretic 
factor on cell structure and function

1
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LITERATURE REVIEW

Tissue Culture Study
The purpose of studying the biology of living cells in vitro is to learn the 

needs, functions and potential alterations of each of the cellular systems of 
the animal organism. While it is admittedly difficult to extrapolate directly from 
in vitro to in vivo situations, there are many reminders in the current literature 
that the in vitro cultivation of tissue cells is playing a more important role in the 
solution of major biological problems (Porter and Claude, 1945).

Cells and tissues in culture can be segregated, and structure and function 
examined, free of the complex machinery of the whole organism. The 
qualities of malignant cells can be compared with those of non-neoplastic 
cells of isogenic origin (Greene, 1952). Transformation of cell types may be 
observed. By combining different kinds of tissue in vitro the intrinsic qualities 
of interaction of the two can be examined (De Bruyn, 1945). The methods of 
experimental study of cancer in man are limited. However, Morgan and 
Farcnik (1979) have revealed that many human breast cancers show 
evidence of endocrine dependence for growth in vitro. Hormones secreted 
by the adrenal cortex may be linked to the disease. Tissue culture offers one 
of the few morally acceptable methods with which human material can be 
studied.

Nutrition of Cells
In order to study living material in vitro, nutritional requirements must be 

fulfilled. Two basic methods of approach are:
(1) analysis and supplementation of adequate but complex natural 

fluids such as serum and embryonic extracts

(2) supplementation of synthetic media known or suspected to
be fundamental to nutrition of cells
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It seems a reasonable view that rat adrenal cells both in vitro and in vivo 
can be nourished on a replacement basis by means of the body fluids 
(Parker, 1954). Accelerated rates of growth are made possible by the 
introduction of additional prefabricated materials such as nucleoproteins, 
polypeptides, co-enzymes and suifhydryl sources (Hanks and Wallace, 
1949). These are provided in vivo by components of cellular extracts.

Metabolism of Cells in vitro
Propagation of cells in vivo and in vitro is not entirely nutritient dependent. 

Metabolism also plays a major role when analyzing the two systems of study.
Cells in the tissues of growing animals represent an essentially stable 

population in comparison with cells in culture. In vivo cells are maintained in 
a metabolic and synthetic balance by controlled nutrition and by interchange 
of end-products. Of all tissues, the progenitors of blood cells engage most 
actively in continuous replacement of cells (Wilson and Waltz, 1942). 
Nevertheless, these cells, along with those of the liver are among those which 
are very difficult to grow continuously in vitro (Hanks. 1949). In fact, it was not 
until the introduction of collagenase as a liver-dispersing enzyme by Howard 
(1967) to greatly facilitate the preparation of intact cells, and when Berry and 
Friend (1969) introduced the use of physiological liver perfusion to make the 
tissue uniformly accessible to the action of collagenase, that it became 
possible to prepare intact liver cells in high yield in vitro. On the contrary, 
there is less rapid normal replacement in vivo of connective tissue cells, 
which are the types propagated rapidly and continuously in vitro (Wilson and 
Waltz, 1942).
A study on rat adrenocortical cells by Keith (1986) has provided information 
where in vitro study is preferable to in vivo experimentation. Through very 
brief ACTH stimulation of the adrenocortical cells in vitro, glucocorticoid 
secretion was observed. Precise control of stimulus concentration and 
duration in vitro was advantageous to the study, whereas, observations of 
distribution, recirculation, and metabolism of the stimulus were complicated, 
and hindered in the in vivo study. Therefore, when studying cells in vitro it is 
of interest to determine two conditions:
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(1) whether there are inherent metabolic differences 
among cell types.

(2) whether the cells which propagate in vitro exist on a metabolic 
basis corresponding to that in the normal
physiological environment of the intact animal.

An analysis of the metabolism of cells in vitro revealed that tissue cells 
exhibit a broad spectrum of metabolic natural tendencies (Bonting and Jones, 
1954). The failure of certain cells, such as adult epithelia, to propagate 
continuously in vitro is related to the persistence of oxidative metabolism, 
which is not the basis of an adequate synthetic pathway (Bonting and Jones, 
1954). Malignant cells and fibrocytes are prone to swing to the opposite 
extreme in vitro and to engage in rapid synthesis based largely on the 
intermediates provided by glycolysis and by protein fragments larger than 
amino acids (Gemmill, et al., 1940).

Unorganized Growth in vitro
In vitro studies on the metabolic and nutritional requirements of tissue 

cells have revealed the unorganized growth of living material. Tissues differ 
in their potentialities for growth and the same tissue may have a very different 
growth potential at different times in the life cycle. Two distinct morphogenetic 
processes are at work during embryonic development; growth .which implies 
the production of more cells of a kind; and differentiation .which leads to the 
production of more kinds of cells. Growth and differentiation usually do not 
proceed simultaneously in a given cell type, but one after the other. 
Therefore, tissues tend to have a high proliferative capacity during early 
embryonic life, but they are not yet highly specialized in their function. The 
growth rate then gradually declines as development progresses and the cells 
become specialized for the eventual assumption of their specific adult 
functions. Almost any tissue or organ from an early embryo may be expected 
to promptly produce a satisfactory outgrowth in tissue culture (Fawcett, 1953). 
On the other hand, explants from older animals are often rather slow in 
beginning to grow (Fawcett, 1953). This difference may be attributed to the
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fact that in the explant of embryonic tissue nearly all of the cells are already in 
a phase of active proliferation. In tissues from older individuals there exists a 
lower proportion of cells in active proliferation (Weiss, 1983). Because the 
various cell types in the adult vary greatly in their ability to grow and 
regenerate, some knowledge of the proliferative capacity of a particular cell 
type in vivo is a useful guide to what may reasonably be expected of that cell 
in vitro (Weiss, 1983).

Fibroblast Proliferation
One cell type in the adult that has demonstrated great proliferative 

capacity in vitro is the fibroblast. Because fibroblasts in primary explants 
generally overgrow the other cell types, it is necessary for prolonged 
culturation of epithelium to take measures to suppress selectively the growth 
of fibroblasts or to eliminate them entirely from the culture and thus establish 
pure strains of epithelial cells (Bloom, 1928). Auersperg and Farcnik (1984) 
have shown that adult rat adrenal fibroblasts grown from explants in high 
concentrations of Fetal Calf Serum (FCS) proliferated rapidly, appeared 
fibroblastic by morphological criteria, and lacked 3-Beta hydroxysteroid 
dehydrogenase (3B-HSD) activity. Furthermore, steroidogenic adrenal 
epithelial-like cells assumed a fibroblast-like morphology and ceased 3B- 
HSD activity upon exposure to high concentrations of FCS, reactions which 
indicate that the two forms were interconvertible under some conditions. This 
hypothesis implies that cells which eventually give rise to the connective 
tissue components of the adrenal gland are steroidogenic at some point in 
development.

Adrenal Glands
The adrenal glands of the rat are paired spherical organs embedded in 

adipose tissue that lie anterior to the kidneys . Examination of a fresh section 
of adrenal glands shows it to be covered by a capsule of dense collagenous 
connective tissue and to consist of two concentric layers:

(1) a peripheral adrenal cortex
(2) a central adrenal medulla
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These two layers may be considered as two morphologically and 
functionally distinct organs that become united during embryonic 
development (Carneiro and Junqueira, 1971). They derive from different 
tissues. The adrenal cortex arises from coelomic intermediate mesoderm and 
therefore is of mesodermal origin. The adrenal medulla consists of cells 
derived form the neural crest from which sympathetic ganglion cells also 
originate.

There is apparently a functional significance for the close anatomical 
relationship of these two distinctly different layers. In addition to the 
participation of both systems with respect to adaptations to stressful stimuli, 
the blood reaching the medulla via the cortical sinusoids is rich in cortical 
steroid hormones (Fawcett and Bloom, 1986). There is evidence that high 
concentrations of glucocorticoids may be required for induction and 
maintenance of the enzyme phenylethanolamine - N - methyl transferase 
which is necessary for the synthesis of epinephrine (Fawcett and Bloom, 
1986). Thus, the adrenocortical steroids have a local downstream effect on 
the medulla as well as on a general systemic effect.

The Adrenal Cortex
The adrenal cortex can be subdivided into three concentric layers:

(1) zona glomerulosa
(2) zona fasciculata
(3) zona reticularis

The zona glomerulosa secretes the mineralocorticoids, primarily 
aldosterone, which are involved with maintenance of electrolyte and water 
balance. The layer's columnar cells are arranged in closely packed, rounded 
or arched clusters surrounded by capillaries. Glomerulosa cells have a 
spherical nucleus, a well developed nucleolus, and an acidophilic cytoplasm 
containing basophilic granules and lipid droplets. The abundant 
mitochondria are spherical and exhibit lamellar cristae. The smooth 
endoplasmic reticulum sometimes occurs in close relationship to the lipid 
droplets. The localization of the enzymes participating in aldosterone 
synthesis has been determined by the differential centrifugation technique 
(Basch and Finegold, 1971). The synthesis of cholesterol from acetate takes
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place in smooth endoplasmic reticulum, whereas the conversion of 
cholesterol to pregnenolone takes place in the mitochondria (Fawcett and 
Bloom, 1986).

The next layer of cells is the zona fasciculata. The cells of the zona 
fasciculata are polyhedral, with a central nucleus, and their cytoplasm is 
slightly basophilic. The cells contain a great number of lipid droplets in their 
cytoplasm. The smooth endoplasmic reticulum is even more fully developed 
in the zona fasciculata than in the zona glomeruiosa (Fawcett and Bloom, 
1986).

The innermost layer of the cortex is the zona reticularis. These cells are 
smaller than those of the other two layers. Their cytoplasm is acidophilic and 
contains a few lipid droplets and, at times, glycogen (Fawcett and Bloom, 
1986).

Histophysiology
The function of the adrenocortical cells is to produce steroids. They have 

the following characteristics:
(1) They are polyhedral or rounded acidophilic cells with a central 

nucleus and a cytoplasm that is usually but not invariably rich in 
lipid droplets.

(2) The cytoplasm of steroid-secreting cells has an exceptionally 
rich smooth endoplasmic reticulum. Smooth endoplasmic 
reticulum contains the necessary enzymes to synthesize 
cholesterol from acetate and other substrates and to transform 
the pregnenolone produced in the mitochondria into androgens, 
estrogens, and progestogens.

(3) The spherical or elongated mitochondria that are present 
usually contain tubullar rather than lamellar cristae, which are 
common to mitochondria of other epithelial cells. These 
organelles have the necessary enzymatic equipment not only to 
leave the cholesterol side chain and produce pregnenolone but 
also to participate in the synthesis of the steroids of the 
adrenal gland.
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The steroids secreted by the cortex are divided into three groups 
according to their main physiologic actions:

(1) glucocorticoids
(2) mineralocorticoids
(3) 17-Keto steroids (sex hormones)

The glucocorticoids, mainly corticosterone in the rat, exert a profound 
effect upon the metabolism of carbohydrates, as well as that of proteins and 
lipids (Fawcett and Bloom, 1986).

The mineralocorticoids, of which aldosterone is the most important, act 
mainly on the distal renal tubules as well as the gastric mucosa and the 
salivary and sweat glands, stimulating the reabsorption of sodium. They may 
increase the concentration of potassium and decrease that of sodium in brain 
and muscle cells (Fawcett and Bloom, 1986).

Dehydroepiandrosterone (DHA) is the only sex hormone secreted in 
significant physiological quantities by the zona reticularis. It has anabolic 
effects, but it is less than one-fifth as potent as testicular androgens. When a 
congenital enzyme defect exists whereby the gland produces this hormone in 
abundance, early puberty in males or virilism in females may result (Fawcett 
and Bloom, 1986).

Adrenal Medulla
The adrenal medulla is composed of polyhedral epithelioid cells arranged 

in cords, forming a compact network surrounded by capillaries and venules 
and a few sympathetic ganglion cells. These cells are regarded as modified 
postganglionic neurons. The function of the adrenal medulla is to secrete the 
catecholamines epinephrine and norepinephrine, and this secretion seems to 
be controlled largely by neural mechanisms (Carneiro and Junqueira, 1971). 
On the basis of observed differences in the structure of the granules in 
medullary cells, it is apparent that epinephrine and norepinephrine are 
secreted by two different types of cells (Norris, 1980). Epinephrine is 
secreted by epinephrine secreting cells which are similar in structure to those 
cells that contain norepinephrine and differ only in the composition and 
structure of the granules. Norepinephrine is secreted by chromaffin cells 
which have three characteristics:
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(1) they are derived from neuroectoderm
(2) they secrete catecholamines
(3) they are innervated by preganglionic cholinergic fibers

3B-HSD Enzyme Localization
The sequence of biosynthetic reactions required to produce circulating 

corticosteroids from cholesterol in the adrenal cortex appears to involve 
movement of the substrate from one intracellular compartment to another. 
The initial and terminal steps in the sequence occur in mitochondria. Several 
of the intermediate reactions are catalyzed by enzymes found in the 
microsomal fraction of adrenal homogenates (Rubin, 1961). Studies of 
Auersperg and Farcnik (1984) have shown the enzyme to be found 
abundantly in the smooth endoplasmic reticulum of rat adrenocortical cells. 
Although this microsomal localization has been generally accepted, in recent 
years evidence has been accumulating that 3B-HSD activity is present in two 
intracellular locations. Roberts and Young (1970) have reported the 
presence of 3B-HSD activity in the mitochondrial fraction of rat adrenal 
homogenate.

Substrate Specificity of 3B-HSD
Identification of certain key synthetic enzymes and quantitation of their 

activity levels are often used as indicators of the biosynthesis of steroid 
hormones in vitro.

It has been a matter of controversy whether the rat adrenal is capable of 
producing androgenic hormones in vitro under various experimental 
conditions. Nevertheless, Rubin (1961) has elaborated a simple method for 
localizing the 3B-HSD activity in the rat adrenal based on determination of 
androstenedione (AD) following incubation of tissues with DHA. This method 
has been supported by the assumption that 3B-HSD is not substrate specific. 
More recent data has challenged the validity of this assumption. Auersberg 
and Farcnik (1984) have shown that DHA is the substrate most commonly 
used to demonstrate 3B-HSD activity because of its high solubility in the 
solvents used. The saturated form of DHA (etiocholan-3 Beta-ol-17-one, 
ETIO), was compared to DHA because it has been shown that, in maturing rat
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testis, this steroid undergoes bioconversion at a rate many times greater than 
has been observed with DHA (Wiebe, 1976). It seemed possible that a 
similar difference between substrates might exist in the adrenal cortex, and 
therefore, that lower levels of 3B-HSD activity might be better detected with 
ETIO than with DHA. The two substrates generated distinctly different 
concentric patterns of activity in the cortex, and these in turn changed at 
various stages of development. This difference between substrates, however, 
decreased as the glands matured.

Atrial Ngtriur^tig Faptpr
Atrial natriuretic factor (ANF) is a peptide hormone that is released from 

atria and regulates sodium, water balance, and blood pressure. ANF was 
recently found to inhibit aldosterone secretion in rat and bovine adrenal cells 
and aldosteronoma cells in vitro, and a specific ANF receptor has been 
identified in bovine adrenal cells (Kato and Matsuo, 1986). Present studies 
are investigating the effects of ANF on steroidogenesis (aldosterone, cortisol, 
and dehydroepiandrosterone) response in human adrenal cells (Kato and 
Matsuo, 1986).
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MATERIALS AND METHODS

Animals
Ten mature female Wister rats were obtained from the Carroll College 

Biology Department, Helena, Montana. Weights were pooled together and 
averaged 340g. The animals were caged at 70-72 °F with a 12h day/12h 
night cycle. Rats were fed Purina Lab Chow and water ad libitum.

Adrenalectomy
The working bench and surgical instruments were sterilized with 70% 

ethanol. For each experiment, two rats were transferred from cages to a CO2 
chamber and sacrificed. The incision zone was shaved and sterilized with 
70% ethanol. Using the methods of Farris (1949) for adrenal removal, a 
single dorsal midline incision was made through the skin at the level of the 
kidneys. After retraction of the skin to the right , the muscle was exposed by 
cutting through subcutaneous fascia. A longitudinal incision was made along 
the lateral border of the dorsal muscle mass, from the level of the center of the 
kidney toward the lowest rib. The adrenal was located at the upper pole of 
the kidney. The fat tissue between the adrenal gland and the kidney was 
held with forceps and pulled into the incision so that the adrenal was brought 
into view. The gland together with its adherent mass of fat was freed from the 
upper pole of the kidney and from the overlying muscle in such a way as not 
to destroy its structure. The extracted gland was immediately placed in 
Hanks'-Hepes Buffer Saline (see appendix). The left adrenal was then 
removed, and the procedure was repeated on the second rat.

Cell Preparation
Excess fat on the four adrenal glands was delicately removed, and the 

glands were transferred to another petri dish in order to be minced in fresh 
Hanks'-Hepes Buffer Saline. Using the methods of Tam (1986) for adrenal 
preparation in vitro, the mince was transferred to a plastic centrifuge tube
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(Falcon) and washed twice by allowing the fragments to settle and then 
aspirating and replacing buffer. Following the second wash the fragments 
were suspeded by Pipet-Aid (Falcon) in an enzyme solution containing 25 mg 
Bovine Serum Albumin, 25 mg collagenase type II (SIGMA), and 6.4 ml 
Hanks'-Hepes Buffer Saline. The tube was then placed on an oscillating 
platform at approximately 60 cycles/minute at room temperature. After 60 
minutes, fragments were triturated by Pipet-Aid to accelerate cell dispersion. 
After a total incubation time of 120 minutes, cells were dispersed throughout 
the supernatant. The supernatant was then centrifuged for five minutes at 
approximately 300g. Supernatant was then disarded and pellet resuspended 
in 2 ml Dulbecco's Modified Eagle's Medium (DMEM) consisting of 9 ml 
DMEM (see appendix), 1 ml FCS and 0.05 ml gentamycin. One drop of 
suspension was taken for hemocytometer counting. The cell suspension was 
diluted to give 107 cells/dish. Cells were then incubated for 24 hours at 37° C 
in a CO2 incubator with an atmosphere of 95% O2 - 5% CO2. The cells were 
closely monitored for 48 hours with DMEM being replaced after 24 hours.

Atrial Natriuretic Factor Purification
Rat atrial appendages were removed and homogenized in order to 

prepare an extract containing atrial natriuretic factor. A dilution of 0.500 ml 
extract and 1.500 ml Hanks'-Hepes Buffer Saline was made. A volume of 
0.32 ml diluted extract was added to the cultured rat adrenal cells.

Cytochemistry
After 72 hours, cell cultures were subjected to a cytochemical staining 

method for the localization of 3 Beta-hydroxysteroid dehydrogenase activity 
using the following incubating media for experimental and control cultures. 
The controls lacked DHA in the media (Koref, 1971).

Table 1. List of constituents 0 f incubating media for experimental cultures.

NAD
MgCl2
Nitro-BT

6.6 mg/ml
10.024 mg/ml (anhydrous)
2 mg/ml in dimethyl fluoride (DMF)

0.5 ml 
0.5 ml 
0.5 ml
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DHA
tris buffer

5 mg/ml in DMF 
(pH 8.3, 0.2 M)

0.5 ml 
3.0 ml

Table 2. List of constituents of incubating media for control cultures.

NAD
MgCl2
Nitro-BT
DMF
tris buffer

6.6 mg/ml
10.024 mg.ml (anhydrous) 
2 mg/ml in DMF

(pH 8.3, 0.2 M)

0.5 ml 
0.5 ml 
0.5 ml 
0.5 ml 
3.0 ml

The five culture dishes were removed from 95% O2 - 5% CO2 atmosphere, 
labelled, and washed twice with 0.1 M sodium phosphate buffer (pH 7.2). The 
buffer was aspirated and the cultures were fixed in a solution consisting of 10 
ml of 3.7% formaldehyde, 50 ml sodium phosphate buffer, and 40 ml of twice 
distilled water. Two cultures were fixed for 30 minutes. The fixative was then 
aspirated and replaced by incubating media into respectively labelled dishes. 
Cultures in two separate dishes were fixed for 10 minutes. The fixative was 
then aspirated and replaced with methanol for 20 minutes. The methanol 
was aspirated and substituted with incubating media into respectively 
labelled dishes. The adrenal cells were incubated at room temperature for 
one hour. They were then washed twice with a buffer solution of 60% tris (pH 
8.3, 0.2M) and 40% twice distilled water and placed in fixative for 
preservation. The remaining tissue was fixed but not stained cytochemically.

In a second series of experiments, cultures were pretreated with cold 
acetone. Since acetone dissolved plastic dishes used for culture, any results 
would be altered. This problem was solved by placing sterile coverslips in 
the plastic dishes before culturing. Cell suspension and DMEM were then 
carefully pipetted onto the coverslips and incubation proceeded for three 
days. Cytochemistry was executed in the same manner as before except that 
coverslips were transferred to glass petri dishes prior to acetone treatment.
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Photomicrography
Photomicrographs were taken of experimental and control petri dish 

cultures and coverslips using a Nikon AFX -II photomicrograph system with 
bright field optics. Kodak Panatomic X film with an A.S.A. of 32 was used. 
Photomicrographs were taken at 800x , with and without a green interference 
filter.
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RESULTS

Cell Morphology
Cultured adrenal cells attached either alone or in small clusters of four or 

five cells and were retained for at least three days. Few fibroblastic cells were 
observed. All of the cells appeared to be of cortical origin. Cells were round 
with a single central nucleus and a size of approximately 100 nanometers 
and contained numerous cytoplasmic lipid droplets.

Cytochemistry
There was no difference observed between experimental and control 

cells for either extraction protocol, but acetone treated cells showed poorer 
morphological preservation.

The most distinctive ultrastrastructural feature of the cytochemically 
stained adrenal cells was the presence of numerous lipid granules. These 
granules were present throughout the cytoplasm of all cells examined and 
ranged from lightly stained (methanol /acetone free) to densely stained 
(methanol /acetone treated).

Comparative cytological examination of representative cell cultures taken 
from the C-1 (-DHA; -methanol /-acetone), C-2 (-DHA; + methanoi /+acetone), 
E-1 (+DHA; -methanol /-acetone), and E-2 ( +DHA; +methanol /+acetone) 
groups revealed better morphological retention in C-2 and E-2. Cultures of 
C-2 and E-2 groups also showed a higher degree of cytoplasmic lipid 
granulation when compared to the cultures of C-1 and E-1 groups. Figure 1, 
a photomicrograph showing the C-2 group, reveals an extensive number of 
cytoplasmic lipid granules and intact cell morphology. Figure 2, a 
photomicrograph showing the E-2 group, also reveals a higher number of 
cytoplasmic lipid granules and intact cell structure. Figure 6, showing the E-1 
group reveals less cytoplasmic lipid granule density and greater
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morphological deterioration of the ceil. Figure 6 is also representative of the 
C-1 group.

ANF extract did not produce any observable changes in cells, therefore, 
these culures were pooled with non extract cultures.
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Figure 1. Photomicrograph of rat adrenal cells from
C-2 (-DHA; +methanol) group. Numerous
cytoplasmic lipid granules are shown.
No indication of 3-BETA hydroxysteroid
dehydrogenase localization.
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Figure 2. Photomicropraph of rat adrenal cells from
E-2 (+DHA; +methanol) group. Numerous
cytoplasmic lipid granules are shown.
No indication of 3-BETA hydroxysteriod
dehydrogenase localization.
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Figure 3. Photomicrograph of rat adrenal cells from
4 E-1 (+DHA; -methanol) group. Minimal

cytoplasmic lipid granulation is present.
No indication of 3-BETA hydroxysteroid
dehydrogenase localization.
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DISCUSSION

Observation showed that adrenal cell preparation resulted in the 
maintenance of a population of cortical cells. All cultures illustrated the 
appearance of round cortical cells, cytoplasmic lipid droplets, and single 
nuclei.

Observation of cultures also revealed the presence of epithelial cells and 
the absence or reduced existence of fibroblastic cells. Previous work by 
Auersberg and Farcnik (1984) had shown that adult rat adrenal fibroblasts 
had overgrown cultures upon addition of a high concentration of FCS. In the 
present study, 10% of the growth medium contained FCS, and thus, for 
fibroblastic cells to grow, FCS concentration must be greater than 10%.

The prevalence of epithelial cells in the adrenal cell cultures was 
significant to this study. Auersperg and Farcnik (1984) had demonstrated that 
epithelial cells possessed steroidogenic functions in vitro while fibroblastic 
cells had connective tissue properties.

Although steroidogenesis appeared to be functioning by the presence of 
adult epithelial cells, cytochemical experiments for the localization of 3B-HSD 
activity provided negative results. Previous studies by Knoll (1968) had 
shown that 3B-HSD activity is restricted to the zona reticularis of the adrenal 
cortex. The fact that this present study had obtained cortical-like cells in 
culture suggested that either adrenal 3B-HSD activity was substantially 
diminished by experimental techniques or that cultures lacked cells of the 
zona reticularis.

In regard to lipid extraction, the original protocol had called for acetone 
treatment. More extensive extraction of lipid with acetone treatment was 
observed, but cell morphology was deteriorated.

Further experimentation on the localization of 3B-HSD activity in vitro is 
needed to clarify results, and two alterations to this study must be achieved in 
order to bring about a resolution to the problem:

(1) Improve lipid extraction method.
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(2) Use saturated form of DHA, ETIO, as enzyme substrate. ETIO 
is more sensitive to 3B-HSD activity.
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APPENDIX

Table 3. List of constituents of Dulbecco's Modified Eagle's Medium and 
Hank's-Hepes Buffer Saline.

Constituent
DylbeQCQ'5

CaCl2
MgCl2
KCI
KH2 PO4 
NaCI
Na2HPO4

Concentration (mg/liter)

100
100
200
200
8000
1150

Hanks'-Hepeg

CaCl2 100
MgCl2 50
KCI 400
KH2PO4 60
NaCI 1290
Na2HPO4 100
MgSO4 20
Glucose 600
NaHCO3 2500

*


