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ABSTRACT

This investigation concerned itself primarily with the develcopment of
adrenal AS-BB-hydroxystaroid dehydrogenase (AS-BB-HSD) activity and the
effects of exogenous ACTH on this activity in the embryonic chicken.

A preliminary investigation was undertaken to determine the normal
development of the adrenal of brown and white Leghorn chick embrycs. Since
chronological and morphological ages are not always clogely correlated, mor-
phological charascteristics, as established by Hamburger and Hsmilton ('51),
were employed to determine dovolofmental age. There was no significant dif.
ference in development of the adrenal glands in the two varieties of Leghomn
studied. Only minor variations between our observations and those of other
investigators were observed.

A modification of the histochemical technique of Levy and coworkers ('59)
was used to determine A5-35~—HSD activity. OSuch activity was observed in the
primordial adrenocortical cells of stage 23 (day 4) brown and white Leghorn
embryos. There wss a significant difference in the development of A>=3BHSD
activity between brown and white Leghorn embryocs. Differences in the inten
sity of the enzyme reaction when sections of the same embryo were incubated
with the two substrates, dehydroepisndrosterone (DHA) and pregnenolone, suge
gest the possibility of two enzymei rather than one.

Brown Leghorn embryos of stages 23, 23-24 and 24 ghowed an increase in
enzyme activity after the administration of porcine ACTH., The time interval
between the last ACTH injection and the time of sacrifice was found to be
significant., Embryos sacrificed pri;zc' to three hours following injection ex-




hibited no increase in activity as did those sacrificed between 21 and 46
hours following injection. A significant increase in activity was observed
in the adrensls of embryos sacrificed three to 11 hours after the final
injection.

The occurrence of ~~-3B-ESD activity in the adrenals of the chick
eubryc lead to the conclusion that the adrenocortical cells have the cap-
aclity for steroid hormone synthesis by stage 23 (day 4). Treatment of such
embryos with exogenous ACTH resulted in an increase in adrenal A5 «3B.HSD
activity indlicating that the embryonic chicken adrsnal is susceptible to
ACTH stimulation in its early stages of development.




INTRODUCTION

It is now known that the adrenocorticotrophic hormone (ACTH) stimulates
the formation and elaboration of cortical hormones in the avisn adrenal gland,
(Zarrow, et al., '62; Nagra, et al., '63). The avian pituitsry, like that of
mammals, contains ACTH but its relative potency has not been establishud
(Sturkie, '65). The initiation of ACTH production in the embryonic pituilary of]
the domestic fowl has been reported as early as the eighth day of development
(Toth, et al., '58; Szekely, et al., '58) however, most investigators feel that
the endocrine activity of the adrenal cortex is controlled by ACTH somewhat
later in development. From a study of the ascorbic acid content of the chick
adrenal gland, Case ('51) concluded that the pituitary gland may exert its
adrenocorticotrophic effects at least by the i3th day. Watterson and coworkers
('59) felt that the endocrine sctivity of the adrensl cortex is controlled by
ACTH by the 16th day of incubation.

Various histochemical reactions have been employed in an sttempt to deter-
mine the time at which adrenal cortical function begins. Dawson ('53) used a
group of histochemical reactions characterized by lipid droplets of steroid
producing organs to determine the time at which differentistion of the embryon-
ic adrenal cortical cells first occurred. The earllest positive histochemical
response in the cortical tissue of embryos was observed at the age of slx days
and seven hours.

The appearance of a steroidogenic potentisl in the embryonic adrenal cor-
tex has been used as an indicator of adrensl steroid hormone blosynthesis.

1
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Wattenberg ('58) developed a method to indicate the cellular areas of steroid
synthesis by deposition of the formazan (reduction product) of a tetrazolium
salt at the sites of one of the enzymes (éxj-BB-hydroxystoroid dehydrogenase)
involved in the biogenesls of the sterocid hormones. Activity of uﬁ-3B-hwdroxy-

steroid dehydrogenase (‘é5-BB-HSD) has been found to be essentisl in steroide
ogenic endocrine tissue in the early biosynthesis of all blologically active
steroid hormones (Bongiovanni and Root, '64). However, the presence of the
enzyme 1s only indicative of steroidogenic activity because the presence of a
single engyme in the biosynthetic pathway does not necessarily insure success.
ful hormone synthesis (Lobel, et al., '62).

There is at present no general agreement as to the time st which developw
ment offﬁ5.3B-HSD activity in the embryonic avian adrenal occurs. Stragznicky
ot al., ('66) first observed the enzyme in the 14 to 15 day old embryo; Siva=
ram ('64) in the ten day embryo; Boucek et al., ('66) in the five day embryo
and Chieffi et al., ('64b) in the four day embryo.

The purpose of this investigation was to determine the effects of exogen-
ous ACTH on -7-3B-HSD activity in the embryonic adrenal of the single comb,
light-brown Leghorn fowl during its early stages of development before the
pituitary-adrenal axis was established.

A preliminary investigation was also undertaken to determine the normal
adrenocortical development of chick embryos, using morphological character-
istics as established by Hamburger and Hamilton ('51) to determine develop-
mental sge. Previous investigstors who have worked with the embryonic avian
adrensl (Hays, '14; Sivaram, '64, '65; Chieffi, et al., 'S4b; and others) have
used total incubation time to determine the age of the embryo. It is now well
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known that chronclogical and morphological age may not always be closely cor-

related.




REVIEW OF THE LITERATURE

Early development of the adrenal glands

As in memmals, the avian adrensl consists of two components, namely the

interrenal tissue and the chromaffin tissue (Hartman and Brownell, '49)., In
mammale the adrenals are divided into an outer cortex consisting of inter
renal tissue and an inner medulla of chromaffin tissue.

In the domestic fowl the arrangement of the interrensl and chromaffin
tissues differs from that found in memmals. The interrensl cells are dis-
tributed throughout the gland in the form of irregularly arranged, frequently
anastonosing, columns interspersed with zroups of chromaffin cells without
distinct cortical or medullsry zones. The terms "cortex" and "medulla® as
applied to the avian adrenal refer only to the interrenal tissues and chromaff.
in tissue, respectivsly.

The cortical and medullary components of the adrenal gland are anatomical-
1y and embryologically separate structures. The cortical component arises
from mesoderm and the medullary from ectoderm (Romanoff, '60).

The adrenal cortex. The cells forming the cortical substance of the avian
adrenal gland were first cbserved in the 78 hour chick embryo (Hamilton, !'52)
as a thickening of the peri_toneal epithelium close to the mesentery, ventral
and medial to the mesonephros, ventral to the dorsal aorta, and dorsal to the
hind-gut (Hays, '14). These cells form solid bodies on each side of the base
of the mesentery and later folds in the peritoneal epithelium force the cells
laterally from this position (Hays, '14). At this stage in development s

L




5
groove in the thickening peritoneal epithelium begins about one-half millimeter
behind the pronephros and extends posteriorly for about one millimeter where
it becomes contimuous with the antero-dorsal part of the germinsl epithelium
(Hamilton, '52). Proliferating cells from this groove migrate dorsally into
the mesenchyme (with a majority passing lateral to the subcardinal vein, Hays,
"14) to an area betwsen the antero-medial surface of the mesonephros and the
dorsal aorta (Hamilton, '52). The proliferating cells increase in size, be-
come rounded in shape, and thelr less granular nuclel stain lighter than those
of the peritoneal cells (Hays, '14). A chain of cells can be traced from the
peri _joneal epithelium to a point in the mesenchyme between the mesonephros
and the dorsal aorta (Hays, '14). This comnection ends by the end of the
fourth day of incubation when the dorsal migration of cortical cells is con-
plete (Hamilton, '52).

In the four day embryo, the cortical cells are arranged in scattersd
groups in the mesenchyme and nearly fill the entire region dorsal to the sub-
cardinal veins, lateral and ventral to the aorta, mediasl and ventral to the
posterior cardinal veins, and posterior to the level of the anastomosis of the
subcsrdinal veins in the msedian line ventral to the dorsal aorta (Romanoff,
1€0).

The mass of the cortical substance in the five day embryo increases by
the concentration of cells into large groups and by mitotic division (Hays, '1Qm
Romanoff, '60). Cells of the cortical mass are arranged in large groups lying
dorso-medisl to the subcardinal veins, ventral to the mesonephric arteries
which run over the anterior ends of the cell groups and between the aorts and
mesonephros (Hays, '14). The cortical cell bodies are separated from the
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mesonephros by a thin layer of mesenchyme (Hays, '14; Romanoff, '60; Sivaram,
165). The close arrangement of the cells csuses them to lose their regular
shape but the muclei remain spherical (Hays, 'i4; Romanoff, '60).

The mass of the cortical tissue in the embi-yo of six days continues to
enlarge and the ocells become arranged into cords and have s somewhat hexagonal
shape. The cylindrical cortical cords have light staining cells radiating
from the center and they have no lumen (Romanoff, '60). The muclei continue
to become more granular (Hays, 'i4). At this time connective tissue, which
eventually forms the adrenal capsule, begins to grow sround the cortical cells
(Romanoff, '60).

The cords are well developed in the seven day embryo. A central section
of the cortical mass is roughly ciroular and has approximately the same cross
sectional area zs the aorta (Hays, '14). Development of the mescnephros in a
ventral direction has resulted in only the dorso-medial angle of the mesoneph-
ros being in contact with the adrenal (Hays, 'i4). The subcardinal veins at
this time are still the ventral border of the glands (Hays, '14).

The oross sectionsl area of the cortical mass of the eight day embryo is
twice that of the aorta (Hays, 'i4). The beginning of vascularization is in-
dicated by the presence of blood cells in the openings betwesan the cords of
cortical cells (Hays, '14). The connective tissue capsule has formed by this
time.

In the embryo af nine days incubation there is little change in the fom
and size of the gland, The greatest change has ocourred in the internal
arrangenent of the cortical cells. These have become very dense and compact,
msking it difficult to see the ocutline of individual cells. Vascularization




between the cords has increased (Hays, '14).

The adrensl medulla. The chromaffin tissue arises from cells that have
migrated from the sympathetic chains (Hamilton, '52). In three and four day
embryos, large, oval, deep staining cells, from the sympathetic chains,
migrate ventrally between the aorta and the adrenal cortical cell group. Host
of these sympathoblssts migrate to the ventral side of the aorta to form the
prevertebral sympathetic plexuses but in the five day embryo some of these
cells turn off ventrally and enter the adrensl cortical masses or become
attached to the surface of the cell groups (Hays, '14; Romanoff, '60). Mor-
phologically, there is no difference between the cells which penetrate the
gland and those which form the prevertebral sympathetic plexuses (Hays, '14).
In most cases the penetrating cells collect in groups of two or three although
single cells are found throughout the cortical mass (Hays, '14).

In the six day embryo, after penetrating the cortical mass, the chromaff-
in cells change from large circular cells with round, clear nuclel to irreg-
ularly-shaped, small cells with oval granular nuclel (Hays, 'i4; Romanoff,
160). They are easily distinguished from the cortical cells by their strong
affinity for basic stains (Hays, '14). Cords of chromaffin cells are formed
between the cortical cords (Hays, '14).

The adrenal capsule is formed by the eighth day and the invasion of the
cortical mass by the sympsthoblasts is complete (Romanoff, '60).

In 3ll of the above papers on the development of the adrenal, the embryos
were gtaged according to their chronological or incubstion age. Since the
stages were described in terms of days and hours of incubation it is difficult

to define accurately the stage in development when the first evidence of a




histochemical differentiation of the gland appeared. It is now well known
that chronologlcal and morphological age may not always be closely correlated
(Dawson, '53) and that there is a great deal of varistion in the degree of
development of embryos of the same age, especially during the first week
(Hamilton, '52). Hamburger and Hamilton ('51) point out the following as some
of the factors responsible for the lack of correlation between chronological
snd morphological age: genetic differences in the rate of development of
different breeds, seasonal differences in the visbility and vigor of embryos,
differences in the stage of development when incubation was started, differw
ences in the "freshneas" of eggs, i.e., the lapse of time between laying and
incubation, differences in the temperature of eggs when placed in the inoubste
or and in the size of individusl eggs, differences in the temperature of in-
cubation, and in type and size of incubator. Thus, a comparison of ocbserva-
tions with those made in other laboratories must be made with caution due to
the variables inherent in comparisons based on chronological age even though
local conditions have been vigorously standardized (Dawson, '53).
Adrenal steroid production

There is a considerable body of knowledge concerning ths biosynthetic
pathways of the adrenocortical steroids of mammsls and especially of man
(Grant, '62). However, considerably less is known concerning these pathways
in birds, but it seems likely that they are similar to those of mammals
(Chester Jones, et al., '62).

Corticosterone and aldosterone have been identified in the adrenals of
birds with corticosterone as the major adrenocortical stercid produced (de

Roos, '61).
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Hall and Koritz ('66) showed that chicken adrensl slices were capable of
converting cholosterol-?a-sﬁ into cortioastarono-B H ip yitro. They maintain
that their cbservations demoustrated that avian adrensl tissue in vitro be-
haves like the maxmalian adrenal, sccording to the parameters investigated.

Sandor, Lamoursux and Lanthier ('63) incubated adrensl slices from young
female white Pekin ducks and Leghorn chickens with pregnenolone~7-E> and pro-
gosterone-4-C'¥, From the incubation medis C*- snd F’-labeled corticostercns,
aldosterone, 18.hydroxycorticostercne and 1l.desoxycorticosterone were identi-
fied. Their results indicate that progesterone and pregnenolone sre the pre-
cursors of the stercids isolated.

In addition to the steroids with functions characteristic of the adrenal
cortex, androgenic steroids have been isclated from mammaliasn adrenals (Dorf-
man, '59) and have also been detected in the adrenals of the domestic fowl
(McGowen, '36; Arrington, Fox and Bern, '52). MoGowen ('36) observed virilism
in a hen with an adrenq.gortical tumor and Arrington, Fox and Bern ('52) showed
that adrenals from young chicks implanted into an incision in the base of the
comb of three-day old host chicks produced an effect only slightly inferior to
that of testicular tissue.

The production in witro of adrenal androgens from acetate by human adrenal
glands is well established (Short, '60). Two of the androgenic steroids known
to be secreted by the adrenal cortex in man are dehydroepiandrosterone (DHA)
and androstenedione. DHA is usually regarded as exclusively of adrensl origin
(Grant, '62). The available information suggests that the pathways involved
in the formation of androstenedione are similar to those demonstrated for the

gonads (Grant, '62).
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Fevold and Eik-Nes ('62, '63) demonstrated that the testis of the English

sparrow (Passer domesticus) can convert progesterone into testosterone and

androstenedione lin vitro by a pathway chemically identical to that for man-
malian testis.

Assuming that the biosynthetic pathways of adrenal cortical steroids in
birds are similar to those of mammals, the disgram shown on the following page
would indicate the metabolic pathways involved in the biogenesis of these
steroids.

toch t

The characteristic distinguishing chemical properties of avian adrenoc-
cortical cells include: (1) a high lipid content with a large fraction cone
sisting of cholesterol esters (Dawson, '53; Taylor, et al., '56; Howard and
Constable, '58); (2) a high concentration of ascorbic acid (Case, '52; Jailer
and Boas, '50; Howard and Constable, '58; and Perek, et al., '59) and (3) the
presence of enzymes that take part in the synthesis of steroids and the spe-
cific cortical hormones (Chieffi, et al., '6l4b; Narbaitz and Kolodny, '64 and
others).

Dawson ('53) used a group of histochemical reactions characteristic of
thefgﬁﬁgaets of steroid producing organs to determine the time at which histo-
chemical differentiation of the embryonic adrenc _gortical cells occurred.
These 1lipid droplets react positively in tests for carbonyl groups (Schiff test
and the naphth;éc acid hydrazine method of Ashbel and Siligman, '49) as well
a8 staining with Sudan black B and osmic acid. Wwhen cholestercl or its esters
are present in the lipid droplets, a blue-green color results following ex-

posure of tissue sections to concentrated sulfuric acid and glaclal acetic
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scid (Schultsz, '24), Cholesterol and its esters display a birefringence when
viewed with a polarizing microscope (Lillie, '66). Dawson ('53) observed the
earliest positive histochemical responses (osmiophilia, sudanophiliz, Schultz
reaction for cholesterol, Schiff reaction and birefringence) in cortical tissue
of embryos at six days and seven hours incubation. Using the Ashbel-Seligman
('49) method, Dawson also observed carbonyl groups in nine day embryos, the
youngest embryos studied by this method. In the early stages of cortical
development, positive reactlions appeared to be confined to cortical tissue that
had become arranged into definite cords. Positive histochemical reactions were
not uniformly and consistently present until 11 to 12 days of incubation at
which time ascorbic acid also appeared.

Cestane Decoud, Pedernera and Narbaits ('64) observed the presence of
sudenophilia in the adrenal glands of five day embryos and birefringence in six
day embryos.

In 1958 Wattenberg developed a histochemical method to indicate cellular
sites of steroid hormone synthesis. This method indicates the presence of the
enzyme reaction in which pregnenolone is converted to progesterone or dehydro-
epilandrosterone (DHA) to‘aﬁ-androstenediono. Two enzymes, Aé,&ﬁ-hydroxysteroid
dehydrogenase (Ax5-BB-HSD) and.aﬁ-B-ketoisomerase. are involved in this trans-
formation. /x5-BB-HSD oxidizes the 3B-hydroxyl group and requires diphospho-
pyridine nucleotide (DPN), and Aé-j-ketoisomerase catalyzes the migration of
the double bond from the 5.6 position to the 4«5 position (Samiels and Uchikawa
167). all hormonally active steroids are synthesized biologically by pathways
involving such a synthetic step, and 455—BB-HSB activity is essential in

steroidogenic endocrine tissues in the early biosynthesis of these steroid
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hormones (Bongiovanni and Root, '64).

Since ~03B-HSD is involved in one of the initial steps of steroid hormone
biosyntheslis, its presence in a tissue has been used azs an indication cf such
synthesis, However, it must be noted that the presence of the enzyme is only
indicative of stercidogenic activity becsuse the presence of 2 single enzyme in
the biosynthetic pathway does not necessarily imply successful hormone synthe-
sis (Lobel, et al., '62).

Wattenberg ('58) incubated unfixed frogzen sections in a medium containing
the substrate (DHA, pregnenolone and others) dissolved in acetone, plus LPN,
nicotinsmide, buffer (pE 8.0) and a tetrazolium salt (Nitro BT). KHydrogen ions
renoved from the substrats byAAP—BB-HSD are transferred to DPN, then from DPNH
to the telrazolium salt. The tetrazolium sait i1s colorless and water soluble
in the unreduced form, but when reduced it becomes colored and insoluble, and
is deposited in the form of fine formazan granules at the site of the enzyme
reaction,

There is at present no gensral agreement as to the time at which develop-
ment afz:i-BB-HSD activity occurs in the embryonic avian adrensl. Straznicky,
Hajos and Bohus ('66) first observed this enzyme in the 14 to 15, Boucek, Gyori
and Alvarez ('66) in the five and Chieffi, Manelld, Botte and Mastrolia ('é4b)
in the four and one-half day old embryo.

Adrensl-pituita 8

It is now known that adrenocorticotrophic hormone (ACTH) stimulates the
growth snd development of adrenal cortical tissue and the elsboration of
adrenocortical hormones. The avian pituitary, like that of mammals contains

ACTH (deRoos and defoos, '64). Chemically pure iCTH has been prepared from the
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pituitaries of a number of mammalian speclies, but little is known of the chem-
ical nature of ACTH from avian pituitaries (Sturkie, '65). DeRoos and deRoos
('64) incubated avian adrenal tissue with marmalian ACTH and with acid extracts
of chicken pituitaries and observed a significant increase in the secretion of
cortlicosterone and aldosterone. Since the steroidogenic response of the
chicken adrenal to the two hormone preparations was essentially the same they
suggested that both hormones possess similar bilological properties. These
workers also showed that acid extracts of the pitultaries of several chondrich-
thyean fish stimulated corticoid production by the chicken adrenal in vitro
and it therefore appeared to them that species specificity may be absent in the
biologlical activity of ACTH obtained from different vertebrate pituitaries.
They were not able to determine accurately the amount of ACTH activity present
in the chicken pitultary, however, their "approximate' determinstions were sim-
ilar to the average ylelds reported by Fortier ('59) using a similar method of
acid extraction in the laboratory rat.

Szekely and coworkers ('58) used Endroczi's ('54) quantitative biocassay
for ACTH to detect ACTH in pitultary extracts from chick embryos on the eighth
dey of development.

Much work has been undertaken to determine the onset of pituitary control
in the embryonic adrenal cortex. Toth, Simon and Sgekely ('58) observed an in-
crease in mitotic activity in the embryonic chicken adrenal cortex at the time
of the initiation of ACTH production (eighth day), which returned to its orig-
inal level within two days. However, hypophysectomized embryos showed no ine
crease in mitotic activity during the eighth day. It was concluded that histo-

logical differentiation of the adrenal cortex was dependent on the anterior
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pituitary as early as the eighth day of development but it was not established
that the mitotic index is an adequate messure of functional activity (Castane
Decoud, et al., '64).

Experiments have shown that the anterior pituitary exerts its adrenocorw
ticotrophic effects during the last third of the embryonic period of the chick.
Case ('51) noted a decrease in the adrenal ascorbic acid content in decapitated
chick embryos and suggested that the pituitary exerted its adrenocorticotrophic
influence by at least the 13th day. Case ('52) found that adrensl weights of
normal and decapitated embryos did not differ during the 14th and 15th days.
These weights were increasingly divergent sfter the 16th day. Adrenal weights
of the decapitated embryos remalned very close to the weights of the normsl 15
day adrenal. Case also observed a decrease in the amount of lipid-containing
cortical tissue in the adrenals of decapitated 18 day embryos. ACTH treatment
in such eubryos resulted in an increase in the amount of lipid-containing cor-
tical tissue when compared with decapitated controls. Despite the apparent
increase in cortical tissue, there was no apparent increase in the total size
of the gland.

The differentiation of the duodenal epithelium, with particular referencs
to its phosphatase content, has.been used as an indicator of cortical secretion
(Moog, '59). Chick embryos injected with hydrocortisone (lfoog and Richardson,
155} and ACTH (lloog and Ford, '57) showed an sccelerated rate of differentiat-
ion of duodenal epithelium and a precocious production of alkaline phosphatase.
Watterson and coworkers ('59) did not observe alkaline phosphatase in the duo-
denal epithelium of most of their hypophysectomized chick embryos at 16 to 20
days of incubation. In the few hypophysectomized specimens that showed this
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engyme, the amount observed was always less than that of normal 17 days ene
bryos. These investigators conclude that their results indicate an ACTH cone
trol of the adrenal cortex by 16 days of incubation.

Since no chemically pure avian ACTH has thus far been prepared mammalian
4CTH has been used for experimental work involving the effects of exogenous
ACTH in the bird. Zarrow and coworkers ('62) demonstrated the ability of mame
malian ACTH to stimulate growth of the avian adrenal gland. They trested 14
to 16 day old cockerels daily with one to ten USP units of porcine ACTH for
seven days and observed a 40 to 193 percent increase in relative weights of
the adrenal gland. Adrenal hypertrophy was also noted following ACIH admine
istration in male chickens by Brown and coworkers ('58) and in the quail by
Zarrow and Baldini ('52) and in baby chicks by Jailer and Boas ('50). Such
adrenal weight increases were not seen in chicks by Conner ('59) or in cuail
by Flickinger ('59) following similsr treatment. Moog and Ford ('57) treated
11 day chick embryos with ACTH and observed that the adrenals were significant-
ly heavier than those of saline-injected controls and that this difference was
mainteined to 19 days, the latest stage studied.

Perek, Cckstein snd Eshkol ('59) found that the adrenals of adult chickens
were depleted of adrenal ascorblc scid following ACTH treatment, but thoss of
young chicks or older sexually lmmsature chickens were not. Bhattacharyys and
coworkers ('67) observed a decrease in adrensl sscorbic acid in the adults of
three species (pigeon, egret and myna) following trestment with ACTH. However,
other investigators (Wolford and Ringer, '62; Howard and Constable, '58; Jailer
and Boas, '50; Zarrow and Zarrow, '50; Zarrow and Baldini, '52) noted no sig-

nificant differences in adrenal ascorbic acld content or concentration followe
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ing ACTH treatment.

Mazina ('65) observed a decrease in adrenal ascorbic acid content and con-
centration in 13 to 18 day old chick embryos three hours after a single in-
Jjection of ACTH. The reduction in concentration was greater in treated 15 days
and older embryos due to the increase in adrensl weight. Ro reduction in
either total content or concentration of ascorbic acid was observed in the
adrenals of two and five day old baby chicks after injection of ACTH. Six
hours after the ACTH injection, adrenal ascorbic acid concentration was near
normal in 13 and 14 day old embryos but still low in 15 to 18 day embryos. The
weights of adrensl glands six hours after ACTH injection increased as did the
ascorbic acid content. However, the 1ncrea;;in ascorblc acid lagged behind the
increases in weight. Twelve hours following the injection, the ascorbic acid
content was still high but the adrenal weights were within normal l4imits.

These changes were still present but less pronounced after 24 hours but they
had disappeared by the 4Cth hour.:-

Administration of ACTH resulis in a depletion of adrenal cholesterol in
the young and adult chicken (Howard and Constable, !58; Siegel and Beane, '61;
Wolford and Iinger, '62) and in the adult pigecn, egret and myna (Bhattacharyya,
et al., '67). The depletion of adrenal cholesterol was believed to be the
result of an accelerated conversion into cortical hormones (Bhattacharyyas, et
al., '67). Castane Decoud, Pedernera and Narbaitz ('64) injected chick em-
bryos dally with ACTH during the third and fourth days of incubation. The
embryos were sacrificed on the fifth and sixth day and their adrenals were
studied histochemically for lipids (Sudan black B) and for cholesterol and its
lesters (birefringence). Both sudanophilia, which appeared on the fifth day,
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and birefringence, which appesred on the sixth day, were increased in freguen-
cy and intensity followlng ACTH treatment. These investigators suggested two
possible explanations for the accumilstion of adrenal lipids and cholesterol:
(1) In marmals, the injection of ACTH produces a preliminary stage of lipid
and cholesterol depletion followed by a second stage of recuperation in which
lipids and cholesterol acocumilate (Sayers and Sayers, '48). Assuming that the
embryonic chick adrenal responds to ACTH in a manner similar to that of the
marmal, the chick embryos in the experiment were sacrificed during the second
stage of recuperation. (2) The embryonic chicken adrenals in the early stages
of development behaved differently from those of the adult chicken. Thus,
their results indicate that the embryonic chicken adrenal is susceptable to
ACTH stimulsation in its early stages of differentiation.

Ragra and coworkers ('63) observed a decrease in the corticosterone level
of adrenal venous blood of chickens hypophysectomized when 7.5 weeks of age.
The intravenous administration of ACTH in such birds elevated the amount of
corticosterone in the venous blood of adrenals. The incubation of avian adre-
nal tissue with mermalian ACTH significantly inoreased the secretion of corw
ticosterone and aldosterone (deRoos and delocos, '64).

Hall and Korite ('66) incubated adrenal tissue from six week old chickens
with cholesterol-7a~ K with and without ACTH. The adrenal tissue converted
cholesterol-?a-3H into cortioosterone~3H and it was observed that this cone
version was increased by the addition of ACTH.

Samuels and Helmreich ('56) used a biochemical method to detect a decrease
in Aé—BB-HSD activity in homogenated adrensl glands from hypophysectomized rats
Levy et al., ('59) and Fuhrmann ('63) demonstrated a decrsase inlc?~BB-HBD
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activity in the adrensals of hypophysectomized rats and rabbits. They found
that treatment of such animals with ACTH prevented or reversed the reduction
of adrenal A{éB-HSD activity.,

Cavallero and Chiappino ('62) noted an increase in 2?38-%9 activity in
the human adrenal gland followlng exogenous ACTH trestment. Pearson and coe
workers ('64) injected mice with ACTH and cbserved an increase in adrenal
A5_3B-HSD activity within four hours after a single injection and by 72 hours
the enzyme activity returned to normal.

On the other hand, Rubin and Dorfman ('57) did not observe any significant
change in the concentration of AS-,-BB-HSD of homogenates of guinea plg adrenal
glands incubated with ACTH while Freses et al., ('65) noted a reduction in
AP-3B-HSD activity in rat adrenals after ACTH administration.

Manelll and Mastrelia ('64) observed the effests of ACTH in yitro on
~D-3B-HSD activity in the embryonic chicken.adrensl. The adrenals of 12 day
old embryos were cultured in media with and without ACTH. The reasotion for
ad -3B-H5D was equal in ACTH treated and control adrenals cultured for six
days. By the seventh day the reaction for the enzyme decreased in control
adrenals but remained almost unvaried in the ACTH treated. After ten days of
culturing, the reaction for A%jB-E’SD Was nearly absent in the control adrenal
but very clearly positive in ACTH treated adrensls.




MATERIALS AND METHODS

Light-brown lLeghorn eggs from a purebred colony msintained at the lab-
oratory of Dr. Domm and white Leghorn eggs from a local commercial breeder
were used in these experiments. The eggs were permitted to set at room tem-
perature for at least 24 hours before they were placed in an incubator main-
tained at a temperature of 37.8+0.3°C. The age of the embryos at the time of
sacrifice represents the actual time the eggs remained in the incubator. How-
ever, since there is a great deal of variation in degree of development of
embryos of the same age, especially during the first week (Hamilton, '52), all
embryos were staged according to the morphological chsracteristics as estab.
lished by Hamburger and Hamilton ('51).

The purpose of the first part of this investigation was to determine the
normal early adrenocortical development. Brown and white Leghorn embryos were
sacrificed between 96 and 170 hours of incubation (Hemburger-Hamilton stages
21 through 30). After candling the egg to locate the embryo, a small hole was
made through the shell and shell membranes on the side of the shell opposite
the embryo (Harkmsrk and Grgham, '51). The egg was turned so that the hole
was uppermost and then returned to the incubator until the embryo had come to
lie directly under the hole. A hole was then made in the shell and outer shell
membrane at the blunt end of the egg in order to permit sir to escape from the
air cell and form a new alr chamber beneath the inner shell membrane at the
uppermost side of the egg. The embryo was thus lowered from the shell and
shell membrane which could then be removed without inhmring the embryo. Em.

bryos were staged in the shell while still alive, and were then placed in
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Bouin's fixative for 24 hours, dehydrated in ethsnol and embedded in paraffin.
Eight u serlal cross sections of the embryos were stained with hematoxylin and
eosin.

The second part of this investigation was designed to study the develop-
ment of adrenal A5?33-hydroxyatoroid dehydrogenase ( A5,‘38-HSD) activity in
brown and white Leghorn embryos. These embryos, between 94 and 141 hours of
incubation, were also staged according to the above procedure., The embryos
were removed from thetshell and immedlately quick frosen in an extended posi-
tion on the froezingio;'g: cryostat magintained at -30°C. The frozen embryos
were then wrapped in multiple layers of plastic wrap and stored in sesled
plastic vials at -30°C until they were sectioned.

The technique for the histochemical visualization of AS—-BB-HSD activity
employed in this investigation was a minor modification of Levy, Deane and
Rubin's ('59) modification of Wattenberg's method ('58). Wattenberg incubated
unfixed frozen sections in a medium containing the substrate (dehydroepiandros-
terone, pregnenolone and others) dissolved in acetone, plus diphosphopyridine
nucleotide (DPN), nicotinamide, a tetrazolium salt (Nitro-BT) and buffer (pH
8.0). Hydrogen ions removed from the aubstri:;; A5.3B.HSD are transferred to
DPN forming DPNH, then from DPNH to the tetrazolium salt. The tetrazolium salt
is colorless and water soluble in the unreduced form, but when reduced it be-
comes colored and insoluble, and is deposited in the form of fine formazan
gramles at the site of the enzyme reaction.

Levy and coworkers ('59) modified Wattenberg's method by using propylene
glycol as the substrate solvent, lowering the pH of the buffer (pH 7.1-7.4)
and changing the concentration of DPN, Nitro-BT and the substrate.
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Frozen embrycs were mounted on a microtome chuck and sectioned at 10p
(temperature -20°C) on a Cryo-cut cryostst microtome. Spaced serial sections
were mounted on three consecutive No. 1 coverslips by thewing so as to have
three almost identlcal coverslips. All sections were air dried for 15 minmutes
at room temperature in order to attach the sections to the coverslips.

The following technique was employed for the observation of A°-3B-HSD
activity. Sectioned embryos were placed in 0.1l phosphate buffer, pH 7.1, for
15 minutes at room temperature to remove endogenous substrates (Levy, et al.,
159). The sections on two of the coverslips (experimental sections) were then
incubated for two hours in Columbla jars containing the substrate medium.
Dehydroepiandrosterone (DHA) was used as the substrate for most of the embryos
examined, however, pregnenolone was used for some, Acetone and propylene
glycol were both used to solubilize the substrate. When propylene glycol was
uged as the solvent, the substrate dissolved in acetone was put in a dry
Columbia Jar and the acetone evaporated off prior to the additlon of propylene
glycol and the other constituents. The composition of the substrate medium

was as follows:

Constituent Yolume Weight  Final Concentration
DHA 0.0988 mM

or 0.2 mg
Pregnenclone 0.0903 mM
DPN soln., 3.00 mg/ml 0.8 ml 2. mg 0.0518 mi
Nitro-BT soln., 1 mg/ml 1.0 ml 1.0 mg 0.175 mM
Phosphate buffer, 0.1} pH7.1 44 m 0.057 H
Acetone 0.974 K

or 0.5 ml

Propylene glycol 0.978 M
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The sections of the third coverslip (controls) were incubated for two
hours in a control medis which lacked the substrate.

Following incubatiocn sections were fixed for 15 minutes in a mixture cone-
sisting of 10% formalin, 5¢ glacial acetic acid, 60% ethyl alcohol and 257
distilled water. They were then rinsed in distilled water to remove residual
fixstive. Control sections and one coverslip with experimental sections were
stained for 10 minutes in Crenacher's Alum Carmine. The sxperimentsl sections
cn the second coverslip remained unstained. After a second wash in distilled
water all sections were dehydrated in a graded series of alecohols, cleared in
xylene and mounted with Harleco synthetiec resin (ESR). Sections treated in
this manner show embryonic cells with cammine stained nuclel and fine, dark-
blue, formazan granules.

The intensity of the formszan deposition in the embryonic adrenal was
rated according to a 0 to +6 scale, where O was no formszan deposition and +6
an extremely heavy deposition., An attempt was also made to determine the
optical density of the formazan deposition in the embryonic adrenocortical
mass, of unstained experimental sections, of some embryos, with the use of a
photometer (Densichron 1, Welch Sclentific Company, Skokie, Illincis).

The third part of this investigation was to determine the effects of
exogenous ACTH on adrenal‘a§7BB~HSD activity in the young brown Leghorn eme
bryo. At 48 hours incubation, a small hole was made through the shell and
shell pembranes, in the manner described above, 8o as to have an air chamber
beneath the inner shell membrane and over the embryo. Embryos of such eggs
were injected with one International Unit (IU) of ACTH (Castane Lecoud, et al.,
164) at 24 hour intervals starting on the 48th hour of inocubation and continu~
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ing through the 96th. Porcine ACTH (Corticotropin-gel 40 IU per cc., iWilson
Laboratories, Chicago, Illinocis) was administersd to the embryonic vascular
area through the smsll hole in the shell agbove the embryo. Controls consisted
of: (1) normal embryos,{2) embryos receiving saline injections, and(3) man-
ipulated embryos (those receiving all manipulations to which treated were sub-
Jected except actual injection). After each injection the hole was sealed with
cellophane tape and the egg returned to the incubator. Embryos were staged
between 93 and 119 hours of incubation then sacrificed by quick freezing on
the freezing stage of the cryostat. Embryos sacrificed between 93 and 96
hours received only two ACTH injections as did a few between 97 and 101 hours.
Frozen cross sections of the embryos were examined histochamically for A‘,S-BB-
HSD activity using the above technique. The mediuinsubstrate was DHA for all
embryos examined in this part of the investigation.

Photomicrographs were made using an American Optical Microstasr microscope
with photographic sttachment and 35 rm Xodachrome and Kodacolor film.




OBSERVATIONS

Early development of the sdrenal gland
A total of 12 brown Leghorn and 17 white Leghorn embryos representing

Hsmburger-Hamilton ('51) stages 21 through 30 were studied in this part of the
investigation.

Our obsorvationfindicated a lack of uniformity in development of embryos
of the same chronological age (incubation time). This was especially true of
the embryos of the earlier stages studied (table 1). The morphological stages
for embryos incubated 96 hours was 21 through 25 (84 to 120 hours). With in-
creased lncubation there was a closer correlation between chronological age
and morphological age.

There was a significant difference in the degree of adrenal development
in embryos of the same chronologicsl age but no significant difference in
those of the same morphological age. No difference was observed in the devel-
opment of the adrenal glands between brown and white Leghorn embryos of the
same morphological age.

In stage 21 embryos (fig. 1) at the level of the origin of the omphalo-
mesenteric artery, there was a thickening of the peritoneasl epithelium lateral
to the mesentery and usually immediately ventral to the subcardinsl veins. A
groove was generally present in the thickened peritoneum. Cells which even-
tuslly form the adrenal cortex were proliferated from this thickened peritoneal
epithelium and were seen in the mesenchyme immediately dorsal to the epithe-
lium, These cells were round in shape and larger than the peritonesl cells

25
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and their cytoplasm and nuclei stained lighter than those of the peritoneunm.

By stage 22 (figs, 2. 3) some of these proliferated cells had begun mi-
grating dorsally to a point in the mesenchyme dorsal to the subcardinsl vein
and between the dorsal aorta and mesonephros. The number of proliferated cells
continued to inecrease so that by stage 23 (figs, 4, 5) there wss s chain of
cortical cells lateral to the. subcardinal vein and extending from the groove
in the peritoneal epithelium to a point in the mesenchyme, ventrolateral to
the dorsal sorta and ventromedial to the mesonephros, where they formed scat-
tered groups composed of two or three cells., A few cells wwre seen on the
medial side of the subcardinal vein. The dorsal extent of the cortical groups
was the ventral level of the aorta and they extended posteriorly past the
origin of the omphalomesenteric artery. The number of cells in the scattered
groups at the dorsal extent of their migration increased to three or four.
Numerous mitotic figures were seen among the cortical cells. Deeply stained
chromaffin cells were observed in the mesenchyme between the aorts and meso-
nephros, medial to the cortical cells.

In stage 24 embryos (figs, 6, 7) a connection between the cortical cells
in the mesenchyme and the thickened peritonesl epithelium was still evident.
The position of the cortical cell groups in the mesenchyme remained, relative-
ly, the same as in stage 23 with the exception that the dorsal extent of these
groups was the level of the lower one-third of the aorta. In embryos of this
stage there was a small anastomosis between the right and left subcardinsl
veins, and it was to this level that the cells extended posteriorly. Both the
number of cells in the cell groups and the number of cortical cells under-

going mitosis had increased at this stage.
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There was no connectlon between the cortical cells in the mesenchyme und
the peritoneal epithelium in stage 25 embryos. The location of the cortical
cells remainsd the same but the sige of the cortical cell mass had enlarged
(fig. 8). The cortical cell groups now contained as many as eight or nine
cells.

The cortical cell groups of stage 26 embryos (fig. 9) contained more cellp
than those of previous stages and these were situated medial to the mesoneph-
ros and ventrolateral to the aorta. The change in position with respect to
the mesonephros was due to development of the mesonephrosg in a ventrsl direc-
tion. A few mesenchymal cells separated the cortical cell groups from one
another. The cortical mass extended slightly dorsal to the mesonephric art-
erles which passed through this mass. Groups of chromaffin cells were observe
ed on the medial surface of the cortical cell groups.

The cortical cell groups of stage 27 embryos (fig. ;0) formed solid
bodies in the mesenchyme between the aorta and the mesonephros. The cortical
mass extended craniad to the posterior tip of the lung and caudad to the
anastomosls of the subcardinal veins. The cross sectional area of this mass
was slightly larger than that of the aorta. Chromaffin cells were observed on
the medial surface of the corticsl wmass and inside this mass between the cor-
tical cell groups.

The number of cells in the cortical groups was much greater by stage 28
(figs, 11, 12). The first indication of the formation of the adrenal cepsule
was seen at this stage., A large number of cortical cells were undergoing

mitosls and numerous chromaffin cells were seen within the cortical mass seps-

rating the corticsl cell groups.
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The cortical cells had stsrted to form cords by stsge 26 (fig. 13). In
cross section the latter were circular to oval and had about six or seven
cells arranged radially. There was no lumen in any of the cords.

The number of cells in cross sections of corticzl cords of stage 30 em-
bryos (fig. 14) had increased to about ten or 12 cells. The presence of
blood cells in the spaces between the cords indicated the beginning of vascue
larigation. The connective tissue capsule was more prominent at this stage.

Development of adrensl 42-3B-HSD activity
Fourteen brown and 16 white Leghorn embryos were examined histochemically

for the presencs of adrenaluaﬁvaB-HSD activity. A series of pllot studies
waz undertaken to determine the optimal buffer pH and the optimal incubation
time. Sectioned embryos were incubated in media containing buffers with pH
values ranging from 7.08 to 7.71. The optimal buffer pH was found to be 7.10
and the optimal length of incubation two hours.

Histochemical method for &7-3B-HSD using DHA ss the substrate

Scattered deposits of formazan were observed in the adrenocortical cells
of stage 23 brown and white Leghorn embryos. These deposits were found to
incresse in smount and density with increased development (tzble 2). The
intensity of the formazan deposition was rated according to the 0 to +6 scale
described previously.

Due to difficulty in distinguishing migrating adrenocortical cells from
mesenchymal cells in frogzen sectlions, we were not able to definitely locate
formazan in these primordial adrenocortical cells. Formazan deposits of +1
intensity were observed in the cells of the peritoneal epithelium and in the

region where the migrating adrenocortical cells would normally be located in
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stage 22 embrycs. Adrenocortical cells were observed in stage 23 embryos snd
these cells contained formazan deposits of +2 intensity in both browm and
white Leghorn embryos (fig. 15). The adrensl was larger in stage 24 than in
23 embryos and showed & formazan intensity of +3 in the brown Lsghorn embryo
(fig. 19) and +2 in the white lLeghorn (fig. 21). The formazan deposition in-
tensity ranged from +4 to +5 in stage 25 brown Leghorn embryos. The size of
the formazan granules at this stage ranged from very fine deposits, which gave
the cytoplasm a light blue color, to large, oblong, crystal-like deposits
which were dark blue in color (fig. 22). The formazan intensity of the stage
25 white Lagghorn sdrenocortical cells ranged from +2 to +3 and was +3 at stage
26. At stage 28 both the brown and white Leghorn adrenocortical cells had a
formazan intensity of +5 and contained both very fine and large oblong for-
mazan granules.

An attempt was made to determine the optical density of the adrenal forw
mazan deposition of unstained sections using the Densichron 1 photometer but
this instrument was not sufficlently sensitive to detect slight changes in
optical density.

In addition to the formazan deposition in the adrenals, a generalized
pattern of formazan granule depositlon was observed in several other tissues
of embryos of stages 22 through 25. Formazan granules of an intensity of +1
or +2 were present in the ependymal layer of the neural tube, intestinal epi-
thelium, peritoneal epithelium, mesonephros and mesenchyme tissue. With ad-
vancing development, the intensity of the deposition in the mesenchyme decreas-
ed but it remained about the same or increased in the other tissues.

Control sections incubsted in medla lacking the substrate but contsining
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the substrate solvent propylene glycol showed an absence of formazan deposi.
tion in all cases. Control sections incubated in media lacking the substrate
but containing the substrate solvent acetone occasionally had a general forw
magan deposition of about +1 intensity in the ependymal layer of the neural
tube, intestinal epithelium, peritonesl epithelium, mesonephros, mesenchymal
tissue as well as in the adrenocortical cells. All embryos which had positive
control sections with the acetone control medla had experimentsl sections in

which the adrenal formazan intensity was +2 or greater.

Some brown Leghorn embryos were examined histochemically for the presence
of A% 3B-HSD using pregnenolone as the mcdiul:substrate (table 2). Propylene
glycol was used a3 the substrate solvent in all cases. Formazan granules were
first observed in the adrenocortical cells at stage 23. These were seen in
only a few sections of the adrensl and when present had an intensity of only
+1 (fig. 25). This was also the case in the adrenals of stage 25 embryos.
However, at stage 27 the adrenal formagan deposition intensity was +5 and the
slgze of the grsnules ranged from very fine snd round, to large oblong amd
crystal-like (fig. 27).

A generaliged psttern of formazan gramile deposition as seen with DHA was
not observed at stages 23 and 25. Formazan deposits were observed in the peri
tonesl epithelium and intestinal epithelium of stage 27 embryos when pregnenc~
lone was used but not in the ependymsl layer of the neural tube, mesonephros
or mesenchymal tissue as seen with DHA. Control sections showed an absence of
formazan granules in all cases.

Effects of exo ACTH ~0_3B.
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Forty four brown Leghorn embryos ranging in age from stage 22 to 25 were
studied in this part of the investigation. Twenty six were treated with ACTH,
four with saline, three manipulated (those receiving all manipulstions to
which treated were subjected except actual injection) and 11 kept intact. The
saline treated, manipulated and intact embryos served as controls. All eme
bryos were examined histochemically for the presence ofleéij-HSD using DHA as
the mediufsubstrate;

Stage 22 embryos. We were unable to make a positive identification of
adrenocortical cells in frogen sections of embryos at this stage. The embryos
were sacrificed before 96 hours of incubation and, therefore, the experimental
group did not receive a third ACTH injection (table 3). 4 total of 22 hours
elapsed between the last injectlion and sscrifice. Formagan granules of +1
intensity were observaq_in the region where migrating adrenccortical cells
would normally be located. There appeared to be no increase in formaszan
deposition in this area 22 hours after the last ACTH injection.

Stage 23 embryos. The adrenocortical cells of seven treated and six cone
trol stage 23 embryos were examined histochemically for the presence szxsrﬁB—
HSD activity. Each treated embryo received an injection of 1 IU of ACTH at 48
hours incubation. S5ix embryos received a second injection of ACTH at 72 hours
and three a third at 96 hours incubation (tsble 4). All embryos were sacri-
ficed between 93 and 101 hours of incubation. The period between the last
injection and the time of sacrifice was noted.

At stage 23, evidence of adrenal 4?-3B-HSD activity was observed in the
adrenocortical cells of intact control embryos which had a formazan deposition

of +2 (fig. 15). Formazan depositions of +2 and +3 were cbserved in the
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adrenals of manipulated and saline treated ocontrol embryos, respectively. The
intensity of the adrenal formasan deposition of ACTH treated embryos varied
from +2 to +5 depending on the time interval between tim lagt ACTH injection
and the time of sacrifice. The adrenals of embryos sscrificed one to two
hours after the last injection contained a formasan deposition of +2 intensity,
Five hours after the last injection, the intensity had increased to +5 (fig.
16)and 21 teo. 46 hours post injection the formazan intensity was +3.

Stage 23-24 embryos. One treated and two control embryos were sacrificed
at a stage between 23 and 24 (table 5). The treated embryo received 1 IU of
ACTH at 48, 72 and 96 hours of incubation and was sacrificed three hours after
the last injection. The adrenal formasan deposition intensity of this treated
embryo was +5 (fig. 18) while that of the two intact control embryos was +3
(tig. 17).

Stsge oi embryos. Nine trested and four control embryos were saorificed
at stege 24, Right of the treated received 1 IU of ACTH at 48, 72 and 96
hours of incubation and one received 1 IU of ACTH at 48 and 72 hours incubat-
ion. The embryos were sacrificed between one and 22 hours after the final
ACTH injection (table 6).

A formsgan deposition intensity of +2 to +3 was observed in the adrensls
of the control embryos (fig. 19). The adrenals of treated embryos sacrificed
one to two hours after the final injection of ACTH contained a formazan depo-
sition intensity equal to that of the controls. A large increase in adrenal
formagan deposition intensity was observed in embryos sacrificed three to
eight hours after the last injection. These adrensls had cells showing a
deposition of +4 to +5 and had formasan granules ranging in size from very
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fine to large, oblong and crystal-like ones (fig. 20). The formszan in em-
bryos sacrificed 21 or 22 hours after the finsl injection was +2,

Stage 25 embryos. Eight trested and five control embryos were sacrificed
at stage 25. All treated embryos received 1 IU of ACTH at 48 and 72 hours in-
cubation and five trsated embryos received a third ACTH injection at 96 hours
(table 7).

Intact and saline trested controls had an adrenal formazan intensity of
+4 to +5 (fig. 22). A formazsn intensity of +4 to +5 was also observed in the
adrenals of embryos sacrificed four to 11 hours after the last ACTH injection
(fig. 23). The intensity in embryos ssorificed between 22 snd 28 hours after
the last injection was +2 to +3 which was below the level of the controls. Thq
formazan deposits of the adrenal cells of the treated and control embryos rang-
ed from veary fine and round to large, oblong and orystal-like gramules.




DISCUSSION

The purpose of this investigation was to determine the effects of exo-
genous ACTH on ;g§-38~hydroxysteroid dehydrogenase activity in the embryonic
adrenal of the domestic fowl before the pitultary-adrensl axls was established|

Previous investigators who have studied the adrensls of the chick embryo
(Hays, '14: Sivaram, '64, '65; Chieffi, et al., '6l4a, '64b; Narbaitz and
Kolodny, '64; Boucek, et al., '66; Straznicky, et sl., '66; and others) used
chronological age, or total incubation iime, to determine the age of embryos.
Hamilton. ('52) showed that there is a great deal of variation in the degree
of davelopment of embryos of the same age, especlally during the first week
of development. Hamburger and Hamilton ('51) list eight factors which may
contribute significantly to variability in the rate of development of the
chick embryo. Hence, a comparlison of observations from various laboratories
using chronological, rather than morphological, asge must be made with caution
even though local conditions have been rigorously standardized (Dawson, '53).
Therefore, it was necessary to undertake a preliminary study of the early
development of the embryonic chick adrenal using the morphological character-
istics established by Hamburger and Hsmilton ('51) to determine developmental
age.

Our observations revealed & lack of uniformity in the development of eme-
bryos of the same chronological age (table 1) and we also observed s signifi-
cant difference in the degree of adrenal development of embryos of the same

chronological age. However, no such difference was observed in adrensl develw

H
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opment of embryos of the same morphological age. Furthermore, we found no

significant difference in the development of the adrensls in the two varie-
ties of lLeghorn fowl studied.

The thickened peritoneal epithelium, from which the primordial adrenc-
cortical cells sre formed, was present in stage 21 embryos (3% days, 84
hours), the youngest embryos studied in this investigation. Rebl (1891) and
Soulie ('03) first observed cortical cells in 78 hour chick embryos. However,
Hays ('14), willier ('30) and Sivarsm ('65), did not observe these cells
prior to the fourth 3ay of incubation (96 hours).

4 few of the primordial cortical cells had completed their migration
from the peritoneal epithelium to a point in the mesenchyme dorsal to the
subcardinal vein and between the aorts and mescnephros by stage 22 (84 to 96
hours) and had formed scattered groups of cells in the mesenchyme by stage
23 (96 hours). The dorssl migration of these cells was completed by stage 25
(108 to 120 hours). Hays ('14) observed completion of migration after 120
hours., Our observations on development of the adrenals between stage 26
(120 hours) and stage 30 (156 to 168 hours) were generally in agreement with
those of other investigators who used chronological rather than morphological
age to stage their embryos.

By using steroid dehydrogenase histochemical techniques, it is possible
to identify the cells with steroidogenic potentlsl. The enzyme .aé—BB-hwdral-
ysteroid dehydrogenase (4x5-3B-HSD) is responsible for the transformation of
pregnenolone to progesterone and dehydroepiandrostercne (DHA) to 45-andro-
stenedione., This enszyme has been identified in the adrenals of the chick

embryo; but there is at present no general agreement as to the time at which
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it first occurs. Straznicky, Lajos and Bohus ('66) first observed this enzyme

in 14 to 15 day old chick embryos, Sivaram ('64) at ten days, Boucek, Gyori
and Alvarez ('86) st five days, and Chieffi, Manelli, Botte and Mastrolis
(164b) at four and one-half days. The results of our investigation, in which
a modification to the technique of Lsvy, Desne and Rubin ('59) was used, re-
vealed the presence of AP-BB_HBD in the adrenocortical cells of stage 23 (4
days) brown and white Leghorn embryos. This was the stage in which same of
the adrenocortical cells, having completed their migration from the peritoneal
epithelium, wers located as scattered groups in the mesenchyme dorsal to the
subcardinal vein and between the aorta and the mesonephros. Formazan granules,
indicating the presence of 4§~38~HSD activity, wers observed in the cells of
the peritoneal epithelium and in those of the mesenchyme between the perito-
neal epithelium and the scattered groups of adrenocortical cells. Owing to
difficulties in identifying individusl cell types in frozen sections, we were
unable to determine 1f these granules were assoclated with the migrating
adrenocortical or the mesenchymal cells. 5Since the adrenocortical cells arose
from the peritonesl epithelium which revealed A -3B-HSD activity, it would
not be surprising to find this enzyme in the migrating adrenocortical cells.,
The presence of the enzyme in the adrenals of the 12 day mouse embryo suggeste&
steroid biosynthesis in the adrenoccortical anlage as soon as it became recog-
nizeble (Hart, '66).

although there appeared to be no difference in the development of the
embryonic sdrensls of the brown and white Leghorn, there nevertheless was a
difference in the development of adrenal axs.jB-HSD sctivity. The enzyme was
evident in the adrenals of both varietles of Leghorn at stage 23 at which time
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a reaction intensity of +2 was observed (table 2). However, a maximum in-

tensity of +5 was seen in the adrenals of stage 25 brown Leghorn embryos
whereas in the white the maximum intensity did not occur until stage 28.

The adrenocortical cells of stage 23 and 25 embryos revealed ‘AP-BB-HSD
activity when DHA and pregnenolone were employed as substrates but the in-
tensity of the formaszan deposition was considerably less with pregnenclone
than with DHa (figs. 25, 26). However, at stage 27 the reverse was true since
there was greater intensity with pregnenolone than with DHA (figs. 27, 28).
This difference may be the result of a poor solubility of pregnenclone (Levy
et al., '59). It could also be the result of the presence of two enzymes
rather than one. Baillie and Griffiths ('64) postulated the existence of
different substrate-specific 3B-hydroxysterocld dehydrogenases in the Leydig
cells of the fetal mouse. Their results suggested that in these cells the
3B-hydroxysteroild dehydrogenase concerned in the conversion of pregnenolone
to progesterone was the first to develop at about 11 days followed five days
later by the enzyme concerned with the metabolism of DHA to zxu-androstenedionc
The results of Boucek et al. ('66) also suggest the presence of two engymes in
the gonsd tissues of the chick embryo.

Boucek and coworkers ('66) also found the first evidence of adrenal 4?.38-
HSD activity in 6n sections of five day embryos using pregnenclone dissolved
in acetone-buffer as the substrate. The five day embryo is about stage 26 or
27. In our investigation we found evidence of .n?-BB-HSD in 10u sections of
stage 23 and 25 embryos using pregnenolone dissolved in propylene glycol as
the substrate, however, the resction intensity was very low (+1) and was not

present in every section of the adrenal. At stage 27 (5 to 5% days) the in-
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tensity of the reaction was +5 and here it was evident in every section.

The presence of acetone in the media, the thickness of the tissue sections
and the length of inoubation may be key factors in detecting swmall amounts
of the enzyme.

Wattenberg ('58) and Levy et al. ('59) washed tissue sections in acetone
to give a more acourate engyme localizatlion by removal of lipide, They ob-
served a finer deposition of formagan in acetone treated sections since cry-
stalllzation did not cccur on the surface of lipid droplets but Levy and cow
workers also observed a decrease in Lé-BB~HSD activity in rat tissues treat-
ed with acetone, as did Boucek et al. ('66) in chick embryos. For this rea-
son the tissues weres not washed in acetons in our investigation. Since lipid
droplets were found to be firat evident in the adrenals of five day chick
embryos (Castane Decoud et al., '64) there was no need to wash the tissus
sections in acetone. The formagan gramules in adrenals of stage 23 and 24
control embryos were generally fine and round but those of stage 25 and older
embryos ranged from fine snd round to large and oblong. The morphological
age of stage 25 embryos is fout and one-half to five days. We came to the
conclusion that the variatlon in size and shape of the formazan gramules in
the adrenals of stage 25 embryos was due to formezan orystallization on the
surface of lipid droplets. These droplets were subsequently removed from the
tissue in the process of clearing when the sections wers being mounted thus
leaving the formazan deposition in the tissue.

When acetone was used as the substrate solvent, formazan granules were
obgerved in the control sections. This was the "nothdng dehydrogenase"
reaction of Pearse ('61). This difficulty was eliminated by using propylene
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glycol instead of acetone as the solvent.

The results of the administration of ACTH on adrenal 4:5-3B-HSD activity
are listed in tables 3, 4, 5, 6 and 7. This activity in the adrenals of em~
bryos sacrificed one to two hours after the final ACTH injection was equal
to that of controls. imbryos of stages 23, 23-24 and 24 sacrificed three to
eight hours after the last injection showed a noticeable increase in enzyme
activity. This activity in stage 25 control embryos was egusl to that of
stage 25 treated embryos sacrificed four to 11 hours after the final in-
jection of ACTH. The enzyme activity of stage 23 and 24 embryos sacrificed
21 to 46 hours following terminal injection had returned to the control level
while the activity of stage 25 embryos had decreased to a level below that of
the controls.

It is noteworthy to call attention to the similarity in results of this
investigation on the chick embryo with those of Paarson et al. ('64) in the
uwouse. These investigators injected mice with ACTH and noted an increase in
adrenal ‘a?-BB»HSD activity four hours later with a return to a level slightly

balow normal when exanined at 18 and 72 hours.




SUMMARY AND CONCLUSIONS

The early development of the adrensls was studied in brown and white
Leghorn chick embryos. A significant differmnce in the degree of development
was observed in embryos of the same chronological age but not between those
of the same morphological age. No difference in adrenal development between
brown and white Leghorn embryos of the same morphological age was detected.

Primordial adrenocortical cells were found just dorsal to the peritoneal
epithelium in stage 21 embryos (84 hours), the youngest stage studied. By
stage 23 (96 hours) some of these cells had migrated to a point in the mesen-
chyme dorsal to the subcardinal veins and between the aorta and the mesoneph~
ros. By stage 25 (108 to 120 hours) the dorsal migration of these cells was
complete.

Development of adrenal ﬁé-BB-hydrcxynteroid dehydrogenase ( ﬁé-BB-HSD)
activity was studied in both varieties of Leghorn embryos using a modification
of the histochemical technique of Levy et al. ('59). Pregnenoclone and dehy-
droepiandrosterone (DHA) were employed as the substrates. Activity of the
enzyme ‘sﬁ-BB—HSD was observed in the adrenocortical cells of stage 23 enm-
bryos with both substrates in both varieties of lLeghorn.

A significant difference in the development of LXS—BB-HSD activity was
seen between brown and white Leghorn embryos. This activity in the former
resched its maximum intensity before that of the latter. In brown Leghorn
embryos of stages 23 and 25, the intensity of the formazan deposition was less
with pregnenoclone than with DHA as the substrate, whereas, at stage 27 it was

Lo
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greater with pregnenolone than with DHA. This difference was believed to re-

sult from the presence of two enzymes rather than one.

Porcine ACTH was found to effect ~2=3B-HSD activity in the adrenocorti-
cal cells of stage 23 through 25 brown lLeghorn embryos. Embryos of stages 23,
23=-24 and 24, sacrificed three to eight hours after receiving the last of
three injections of ACTH, at 48, 72 and 96 hours, showed a significant in-
crease in the activity of this enzyme. Hcwever, this activity in stage 25
control embryos was equal to thst of stage 25 treated embryos sacrificed four
to 11 hours after the final injection, probably due, in part, to its conspicu-
ocus increase in normals at this stage. The engyme activity of stage 23 and
2l embryos, sacrificed 21 to 46 hours following injection, had returned to
the control level whereas that of stage 25 treated embryos had decreased to a
level below that of controls.

It is tentatively concluded that the adrenocortical cells of the chick
embryo have the capacity for steroid hormone synthesis by stage 23 (96 hours).
This is the stage at which some of these cells have completed their migration
from the peritoneal epithelium to a point in the mesenchyme between the meso-
nephros and the aorta. Treatment of such embryos with exogenous ACTH, re-
sulted in an increase in adrensl <0-3B-HSD activity, indicating that the ad-
renals have the potential to respond to this hormone prior to the establish-

ment of the pituitary-adrenal axis.
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TABLE 1

MORPHOLOGICAL AND CHRONCLOGICAL AGES OF BROWN AND WHITE LEGHORN EMBRYOS

Morphologica

;ggg Leghorn embryos
Incubation

White Leghorn Embryos

Andmal

Incubation

Number  Age (hrs) En!h.a Time (hrs) Bymber
21 84 0163 100 €003 96
C005 96
016 100
2122 8496 Co01 96
22 8496 C161 98 €009 97
co15 99
23 96 C160 98 CO14 99
c162 98
C16k4 100
C165 100
24 108 C158 97 C113 115
co18 116
25 108.120 C168 96 017 116
26 120 c106 120
c107 120
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rABLE 1 (cont'd)

Horphologicsl stage Brown leghorn embryos MAW
Animal Incubation Incubation
Mumber  Age (hrs) Number Time (hrs) m_ Time (hrs)
27 120-132 C172 118 co74 139
28 132-1444 €173 119 027 141
D001 144
D002 145
29 144156 co78 146
30 156-168 co76 165

co8o 170




TABLE 2

INTENSITY OF ADRENAL FORMAZAN DEPOSITION IN aé.jB-HSD PREPARATIONS

50

Fggpgg;gg;gg;;gggga Brown Leghorn eambryos White Leghorn embryos
Animal a b Animal
Em; Age (brs) Bumber DHA" Ereg. Nusber DHA?
22 8496 D005 . c121 *
23 96 c128 +2 Ci2h +2
Cl129 +2
C132 +2
Do25 +2 +1
Do52 0
232l 96108 C130 +3 C118 +1
C131 +3
24 108 D036 +3 Ci11 +2
2425 108-120 €091 +3
25 108.120 c126 Hy C092 +2
ci3h + C108 +3
€138 5 C112 +3
DO34 +1 Ciik +3
Cii5 +2
c116 +2
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TABLE 2 (cont'd)

3 0lo. e Br L.:ghorn embryos t horn
Animal b Anlmal
Mumber  fAge (hrs) Number DHA'  Preg. Bumber DA
C117 +2
26 120 €093 +3
C109 +3
€120 +3
27 120-132 ci71 + +5
28 132-144 C170 +5 C103 +5

® Adrensl formazan deposition as estimeted from visual microscope examination
of tissue sections incubated in (DHA) medis. Intensity scoring on s 0 to +6

scale,

b Adrenal formazan deposition as estimated from visual microscopic examination
of :ésaun sections incubated in pregnenolone media. Intensity scoring on a 0
to scale.

* Adrenocortical cells not identified.
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TABLE 3
TREATMENT OF STAGE 22 EMBRYOS

Total Tres tment s Formazan
Animal  Incubation ~~———aFSRIRORE . Interval Depositiog
Mupber  Time (hrs) 48 hxs 22 hrs 6 hrs . (hrs) Intensity
D003 o ACTH  ACTH - 22 Adrenal
Cortical
Cells not
seen,
DOO5 95 I I I - Adrenal
Cortical
Cells not
seen,

$ Time interval between last injection and sacrifics.

b Adrenal formazan deposition as estimated from visusl microscopic examination
of tissue sections. Intensity scoring on a 0 to +6 scale.

ACTH = Injection of 1 IU of ACTH.
I = Intact control embryo.
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TABLE 4
TREATMENT OF STAGE 23 EMBRYOS

Total T s Formazan

Animal Incubation ~——lreatnent ____ Interval quo:itionb

Number Time (hrs) 48 hrs 72 hrs 26 hrs (hrs) Intensity
D016 97 ACTH ACTE ACTE 1 +2
D018 98 ACTH ACTH ACTH 2 +2
Cid3 101 ACTH ACTH ACTH 5 +5
Doo? 93 ACTH  ACTH - 21 +3
DOO4 9% ACTH ACTH - 22 +3
Do12 95 ACTH ACTH - 23 +3
D013 ok ACTH - - L6 +3
C128 I 1 I - +2
€129 97 I I I - +2
C132 98 I I I - +2
DO25 98 I 1 I - +2
D133 101 S 3 3 5 +3
D008 96 M X M - +2

% Interval between last injection and sacrifice.

b Adrenal formazan deposition as estimated from visual microscopic examination
of tissue seotions. Intensity scoring on a O to +6 scale.

ACTH = Injection of 1 IU of ACTH.
I = Intact control embryo.
S = Injection of 0.05 cc saline.
M = Manipulated embryo.




TABLE §
TREATMENT OF STAGE 23-24 EMBRYOS

Total Trea a Formazan

Animgl Incubstion Interval Depositionb

Number Time (hrs) 48 hrs 22 hrs 96 hrs (hrs) Intensity
Ci3s 99 ACTH ACTH ACTH 3 +5
Ci130 98 I I I - +3
Ci31 98 I I I - +3

® Time interval between last injection and sacrifice.

b Adrensl formazan deposition as estimated from visual microscopic examination
of tissue sections. Intensity scoring on a 0 to +6 scale.

ACTH = Injection of 1 IU of ACTH.

1 = Intact control embryo.
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TABLE 6
TREATHMENT OF STAGE 24 EMBRYOS

\ Total Treatw a Formazan
Animal Incubsation e dxeslment . Interval Deposition
Muber  Iime (hrs) 48 hrs 2brs 6 hrs  _(hrs)  _Intensitd
D035 97?7 ACTH  ACTH  ACTH 1 +2
C154 97 ACTH ACTH ACTH 1 +2
D027 98 ACTH  ACTH  ACTH 2 +3
C136 99 ACTH ACTH ACTE 3 +h
C140 100 ACTH  ACTH  ACTH 4 +5
Ci4s 103 ACTH ACTH ACTH 7 +5
Ciké 104 ACTH  ACTH  ACTH 8 +5
€125 117 ACTE ACTE ACTH 21 +2
D010 ol ACTH  ACTH - 22 +2
D036 97 I I I - +3
C156 98 S S S 2 +2
D022 100 M M M - +3
D019 99 H M M - +3

4 Time intervsl between last injection and sscrifios.

b sdrenal formezan deposition as estimated from visual microscopic examination
of tissue sections. Intensity scoring on a 0 to +6 scale.

ACTH = Injection of 1 IU of ACTH.

I = Intact control embryo.

S = Injection of 0.05 e¢c of saline.
M = Manipulated embryo.




TABLE 7
TREATMENT OF STAGE 25 EMBRYOS

Total t a Formazan
Animal Incubation —Ireatment _ ___ Interval Depoaitionb
Muber  Iiwe (hrs) 48 hrs P2hrg 96hrs  _(hrs)  _Intensity’
€139 100 ACTH  ACTH  ACTH 4 +H
Ci42 101 ACTH ACTH ACTH 5 +5
C144 102 ACTH  ACTH  ACTH 6 +
C148 106 ACTH ACTH  ACTH 10 +5
Ci49 107 ACTH  ACTH  ACTH 11 +5
D009 94 ACTH ACTH - 22 +3
D021 97 ACTH  ACTH - 25 +2
Do4B 100 ACTH  ACTH - 28 +2
C126 117 I I I - +y
C134 118 I I 1 - +
c138 102 I I I - +5
C150 107 S S S 11 +5
C137 99 S S 8 3 +

? Time interval between last injection and sacrifice.

b Adrensal formsgzan deposition as estimated from visual microscopic examination
of tissue sections. Intensity scoring on a 0 to +6 scale.

ACTH = Injection of 1 IU of ACTH.
I = Intact control embryo.
S = Injection of 0.05 cc of saline.




PLATE 1

L

EXPLANATION OF FIGURES

Cross section of a stage 21 brown Leghorn embryo showing pri-
mordial adrenocortical cells (AC) in the mesenchyme immediately
dorsal to the peritoneal epitheliwm (PE). The subcardinal vein
(SV), mescnephros (M) and aorta (A) are also shown. X 250.

Cross section of a stage 22 brown Leghorn embryo at the level
of the origin of the omphalomesenteric artery (0) showing the
location of the thickened peritoneal epithelium (PE), primor-
dial adrenocortical cells (AC), mesonephros (M), aorta (A)
and subcardinal vein (SV). X 100.

A higher magnification of the stage 22 brown Leghorn embryo
shown in figure 2. Primordial adrenocortical cells (AC) are
shown migrating from the peritoneal epithelium (PE) to a
point in the mesenchyme dorsal to the subcardinal vein (SV)
and between the aorta (A) and mesonephros (M). X 250.

Cross section of a stage 23 brown Leghorn embryo showing a
chain of migra adrenocortical cells (AC) lateral to the
subcardinal vein (SV) and extending from the peritoneal epi-
thelium (PE) to a point in the mesenchyme between the meso-
nephros (M) and aorta (A) they form scattered groups
of adrenocortical cells (AC). Migrating chromaffin cells
(CC) are also shown. X 100.

A higher magnification of the stage 23 brown Leghorn embryo
shown in figure 4 showing the chain of migrating adrenocor-
tical cells (AC) and the scattered groups of two of three
adrenocortical cells (AC). The thickened peritoneal epithe-
lium (PE), mesonephros (M), subcardinal vein (SV) and migrat-
ing chromaffin cells (CC) are also shown. X 250.

57
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PLATE 2
EXPLANATION OF FIGURES

A cross section of a stage 24 brown Leghorn embryo at the
level of the origin of the omphalomesenteric artery (0)
showing the adrenocortical cell groups (AC) ventral to the
mesonephric artery (MA) and dorsal to the subcardinal vein
(SV). The aorta (A) and mesonephros (M) are also shown,

X 100. )

A higher magnification of the stage 24 brown Leghorn embryo
shown in figure 6 showing the increase in the number of cells
in the cortical cell groups (AC) from the previous stage
(£ig. 5). There is still a chain of migrating adrenocor-
tical cells (AC) lateral to the subcardinal vein (SV) cone
necting the peritoneal epithelium (PE) and the cortical cell
groups (AC). The aorta (A), mesonephros (M) and chromaffin
cells (CC) are indicated. X 250.

A cross section of a stage 25 brown Leghorn embryo at the
level of the origin of the ocmphalomesenteric artery (O)
showing the increase in size of the cortical mur{w) from
the previous stage (fig. €). The aorta (A), notochord (XN),
mesonephros (M) and subcardinal vein (SV) are also indicated.

X 50.

A cross section of a stage 26 white Leghorn embryo showing
the cortical mass (AC) medial to the mesonephros (M) and
extending dorsal to the mesonephric artery (MA). The aorta
(A) and subcardinal vein (SV) are also shown. X 100.

A cross section of a stage 27 brown Leghorn embryo at the
level of the origin of the omphalomesenteric artery (O)
showing solid bodies of cortical cell groups (AC) in the
mesenchyme between the aorta (A) and mesonephros (M). Dark
staining chromaffin cells (CC) are on the medial surface of
the cortical mass and between the cortical cell groups. The
gonad (G) is seen ventral to the subcardinal vein (SV). X
100.
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PLATE 3
EXPLANATION OF FIGURES

Aemtmﬁmota:tapzshrmhghom showing
the increase in the size of the cortical mass (AC)frutho

stage. The notochord (N), asorta (A), mescnephros
M) and subcardinal vein (SV) are also shown. X 100.

A higher magnification of the adrenal of the stage 28 brown
Leghorn embryo shown in figure 11, showing adrenocortical
cells undergoing mitosis (MI) and chromaffin cells (CC) nth-
in the mass. X 450.

Cross section of the adml of a stage 29 white Leghorn
embryo showing the cortical cells beginning to form cords
(cg ;smutdm of six or seven cells radially arranged.
X .

Cross section of the adrenal of a stage 30 white Leghorn
embryo showing an increase in the number of cells in the
cortical cords (C) from the stage (fig. 13), and
the presence of blood cells (B) and chromaffin cells (CC)
between the cords. X 450

L N
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PLATE 4
EXPLANATION OF FIGURES

Cross section of the adrenocortical cell mass of a stage 23
control brown Leghorn embryo incubated with dahydroepian-
drosterone (DHA) showing a +2 formazan deposition in the form
of fine dark blue granules. X 450.

Cross section of the adrenocortical cell mass of a stage 23
ACTH treated brown Leghorn embryo sacrificed five hours after
the last ACTH injection and incubated with DHA showing a +5
formagan deposition intensity. lote increase in dark blue
granules. X 450,

Cross section of the adrenocortical cell mass of a stage 23-
24 control brown Leghorn embryo incubated with DHA showing
a +3 formazan deposition intensity. X 450.

Cross section of the ad cell mass of a stage 23~
24 ACTH treated brown embryo sacrificed three hours
after the last ACTH injection and incubated with DHA show-

ﬁ 53 +5 formagan deposition intensity. (Compare fig. 17).

Cross section of the adrenocortical cell mass of a stage 24
control brown Leghorn embryo incubated with DHA showing a
formagan deposition intensity of +3. X 450.

Cross section of the adrenocortical cell mass of a stage 24
ACTH treated brown Leghorn embryo sacrificed four hours
after the last ACTH injection and incubated with DHA show-
ﬁ 5; formazan deposition intensity of +5. (Compare fig. 19).

PR .

FIGURE 19.

FIGURE 20,
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PLATE 5
EXPLANATION OF FIGURES

Cross section of the adrenocortical cell mass of a stage 24
control white Leghorn embryo incubated with DHA showing a
formagzan deposition intensity of +2. X 450.

Cross section of the adrenocortical cell mass of a stage 25
control brown Leghorn embryo incubated with DHA showing a
formazan deposition intensity of +4 and the various sizes
ﬁoo'bbp“ of the formagzan deposits., (Compare fig. 21).

Cross section of the adrenocortical cell mass of a stage 25
ACTH treated brown Leghorn embryo sacrificed five hours after
the last ACTH injection and incubated with DHA showing a for-
mazan deposition of +5. X 450.

Cmuuﬁimdtbdmlemnuaampzs
ACTH treated brown Leghorn embryo sacrificed 25 hours after
the last ACTH injection and incubated with DHA showing a
imun deposition intensity of +2. (Compare fig. 23).
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PLATE 6
EXPLANATION OF FIGURES

‘Cross section of the adrenocortical cell mass of a stage 23
control brown Leghorn embryc incubated with pregnenolone
showing a formszan deposition intensity of +1. The arrow
is pointing’ to the formazan gramules. X 450.

Cross section of the adrenocortical cell mass of the same
stage 23 control brown Leghorn embryo of figure 25 incubated
4with DEA showing a formazan deposition intensity of +2.
(cm" ﬁ‘. 25). IQSU.

Cross section of the adrenocortical cell msss of a stage 27
. eontrol brown Leghorn embryo incubated with pr
showing & formazan deposition intensity of +5. X 450.

Cross section of the adrenocortical cell mass of the same
stage 27 control brown Leghorn embryo of figure 27 incubated
with DEA showing a formazan deposition intensity of +4.
(Cowpare fig. 27). X 450.

¥

FIGURE 28.
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