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INTRODUCTION

Renin as a triggering component of the renin-angiotensin-aldosterone system
(RAAS) is produced mainly by juxtaglomerular granulated cells in the kidney, is
released into blood vessels or lymphatic vessels and promotes conversion from inactive
angiotensinogen inte the active angiotensin seres (Davis & Freeman, 1976; Veesei.
Hackenthal & Ganten, 1978).

In recent studies, a local renin-—-angiotensin system has been reported i the kidney
{Maruse er al 1982; Tawgner & Hackenthal, 1981; Taugner er af. 1982). brain
{Chabot, Gray, Dubois & Morel, 1989; Ganten et of. 1983; McKenzie, Maruse &
Inagam:, 1985), adrenal pland (Deschepper et al. 1986; Mizuno, Hoffman, McKenzic
& Inagami, 1988, Urata, Khosla, Bumpus & Husain, 1988), ovary (Lighiman el af.
1987; Palumbo et af. 1989), and testis (Pandey & Inagami, 1986; Pandey, Misono &
Inagami, 1984) in addition to the classical system acting throughout the body. In the
adrenal gland, particularly, because angiotensin 1T stimulates the synthesis and release
of aldosterone, a paracrine-stimelating function of renin has been proposed in the
RAAS (Deschepper & Ganong, 1988).

The present authors have discovered immunohistochemically that the enzyme renin
can be detected temporanly in the fetal adrenal gland during Days 14 to 1% of
gestation (Kon et al. 1990; Kon, Hashimoto, Sugimura & Murakami, 15913, Although
it has beer supgested that the developmental process of renin-containing cells is
accompanied closely by adrenal morphogenesis. the question as ta whether renin in
the fetal adrenal gland is produced by adrenal cells themselves or is inserted into the
cytoplasm from the extracellular fluid or blood has not yel been answered.

In the prezent study, we have investigated renin-containing cells in the fetal adrenal
gland wsing the protein A-gold immunocytochemical technique (Roth, 1984) and we
supgest that renin is produced and released by adrenal cortical cells. Additionally,
some new possibilities concerning the production mechanism of intra-adrenal renin
are suggested.

MATERIALS AND METHODS

The ages of fetal mice {Balb/c) were dated from the finding of & vaginal plug in the
mated female (Day 0 of pregnancy). The mothers were anacstherised with ether and
Lilled on the L4th, 16th and 18th days of gestation. The adrenal glands, adhering 1o
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the kidnevs, were dissected feee using a stereo-microscope and fxed in an ice-cold
5% glutaraldehyde and 4% paraformaldehyde mixiure buffered with 01w
cacodylate sodium (pH 74) for 2-4 hours. The tissues were then rinsed with -1 &
cacodylate buffer, dehydrated with an ethanol series and embedded in a commercial
acrylic medium, gither LR white resin {London Resin Co., UK) or Lowicryl K4M
resin {Chemische Werke Lowi, Germany), Briefly, samples for LE white or Lowicryl
K 4M embedding were dehydrated 1o 100 %5 ethanol and infiltrated in stages with 1.2,
[:1, 2:1 resin to ethanol mixture, immersed in pure resin and finally polymerised at
55 °C for 24 hours or at =35 °C for 24 hours and later at room temperature for -
days, respectively. Some tissues were fixed in 3% glutaraldehyde, postised in [ %
osmivm tetroxide and embedded in epoxy resin.

The ultrathin secticns obrained from the hydrophilic embedding resins wers cut
with a Porter—Blum MT-1 ultramicrotoms, mounted on nickel grids and dried at 37 *C.
The sections were then treated with the following immunocytechemical procedures
on paraffin sheets in a moisture chamber. Briefly, the sections were rinsed with
phosphate-buffered saline (PBS) and treated wath 1 % boving serum albumin for 15-30
minutes. They were then incubated with anti-mowse submandibular rénin rabhit
serum {1:3000) at 4 *C overnight or at room temperature for two hours, rinsed with
PES thres times and incubated with colloidal gold (135 nm)-labelled protein A complex
(E-Y Laboratories, Ine., USA) &t room temperature for thirty minutes—one hour.
They were rinsed with PBS and then with distilled water and finally stained with
saturated agueous uranyl acetate and lead citrate; they were studied with a HITACHI
HU-12A electeon microscope at 75 kV.

Contral sections wers incubated with normal rabbit serum, PBS ar preabsorbed
antiserum substituted for primary antiserum. The tissues embedded in epoxy resin
were observed using routine procedures,

RESULTS
Day 14 af gestation

The Golgi apparatus of the cortical cells adjacent 1o the medullz showed one or twa
well-developed regions in the juxta-nuclear position. Large numbers of secretory
granules elsewhere contained homogeneous marterial of moederate electron density.
According o the distance from the Golgi apparatus, secretory granules were of
various shapes, namely round. eval, comma- or horseshoe-shaped, sometimes they
included some minute vacuoles, vesicles or lamellar structures, On Day 14 of
gestation, the granules were relatively few in number and measured 200300 nm in
digmeter, A zmall amount of rough endoplasmic reticulum (ER), with no dilated
lumina, were abserved, whersas smooth ER was not observed anywhere in the
cytoplasm.

Immunocytochemically, some gold particles were demonstrated in the Golgi
apparatus of the cortical cells adjacent to the medulla (Fig. La). A small number of
specific granules labelled weakly with gold particles were distributed in the Golgi

Fig. | {e—). Immunc-eleciras masrographs afler application of anli-renin serum o mous: adrenal
cortical cefls on Day 14 of gestution. {a) The secretary granules farrewheads) and Galg apparalus
{7y reacted skiphily, LR white résin. = 13800, |5) A few gold particles are loeated in the tesminal
partions of the lumellzs furrowhesds). LR white resin, = 21 300, (2] Apparent exocytesis of seretony
granukes containing immenoreactive gold particles can b seem betwesn the two arpowheads,
LE white resin. x 57500,
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Fig. 2 (o). Immano-sketron micrographs of mouse adrenal cartical cells on Dy 16 of pestation.
foh Mimerous pokd particles indicating the prosence of renin are foard in the Gelgi region (G) as welk
a5 im specilic secretory granules (arrowheads), Lowicryd K48 resin, = 27600, [8) The serminal
ampullac farrowsh and prologranales (arrowheads) kocated in the fxi-CGolgi regione rescled with
zold particles. LR white resin. = 20000 (e) Gald particls reacted strongly with spedilic granules
Hacnted just beissath the coll membsane arrowsh, bud were not found at all in the Galgi regian (67).
Some granuks did not react with the antibedy (arrowheads). Laowicrd KdM resin, = 9500,

region and beneath the cell membrane, Although only a few particles were observed
in the Golgi lamellag, some were located in their terminal portions and in the
protogranules (Fig. 141 Mo particles were shown to localise in the Golgi vesicles,
cofted vesicles of rough ER. Sometimes, extracellular deposits of particles, suggestive
of exocytosis of secrctory granules opening into the extracellular space, were
demonsirated (Fig, 1c).

Dery 16 af gesiation

The cortical cells adjacent to the medulla possessed a much more well-developed
Golgi apparatus than those on Day 14, They had various shapes. some covering a
large ares and some divided into 3 or 4 smaller portions. A large amount of rough ER
was distributed threughout the eytoplasm, while a great deal of smooth ER was also
found. Mumerous secretory granules wene scattered just beneath the cell membrane;
these measured 300-000 nm in diameter.

Immunceytochemically, numerous gold particles were demonsirated in the Golgi
region as well as in the specific secretory granules (Fig, 2a). Although few or no gold
particles were deposited in the Golgi cisternae themselves, the terminal ampullac and
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Fig. 3 (a-cl. Eleciran micrographs of nsouse adrenal cortical cells an Day 18 of psiasoen, {ob Golg
apparatus () aed eongloaerations of screlory granules (nmowhead) are scattered thraughout the
eytoplasm. Epoxy resin. o L&, (8% Tmroano-skeoron mescrograph shows o few weakly neacting
specilic pramules farming clusters (arrowheads). LR white resin, = 12000, (c) Specific pranukes
reacling weakly {arrows) and granules negative arrawhead) for renin ase deteeted in the cyloplasm.
LE white resin, = 25000,

protogranules located near the Golgi apparatus showed a reaction with gold particles
(Fig. 20, On Day 16 of gestation, the reactivity of specific granules was increased as
compared with those on Day 14 whereas some granules, even those having the same
shape as the reacting granules, did nol react. Additionally, it was noted that some
cortical cells, in which gold particles reacted strongly with specific granules, were
located just beneath the cell membrane, but not contained at all in the Golgl region
(Fig. 2c).

Day 18 af gestation

The Golgi apparatus of the cortical cells was scattered throughout the cvtoplasm,
being divided inte a number of porticns, while Golgi vesicles were relatively smaller
in awmber than those on Day 16 of gestation (Fig. 3a). A decreased quantity of rough
ER wus detected, only around the nuclens, while a gpood deal of smooth ER was
distributed throughout the evieplasm. Small secretory granules were demonstrated in
the form of conglomerations just heneath the cell membrane.

Immunocytechemically, cytoplasmic reactivity for renin was greatly decreased.
Sometimes only a few specific granules reacted weakly, These measured 200-300 nm
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in diameter and were demonstrated in clusters just beneath the cell membrane (Fig.
3b). Mo gold particles were observed in any portions of Golgi apparatus. There was
# tendency for granules unreactive 1o renin, that showed a morphology similar 1o that
of renin-positive granules, to increase in number in comparison with Day 16 of
gestation {Fig. 3¢l

DISCUSS1ON

Studies on the entogeny of the adrenal gland have mainly been performed using
human fetuses. Much work has been devoted to the *fetal cortex” in fetal adrenals o
determine the developmental and physiclogical significance of events that oocur before
parturition (Johannison, 1968; MeNutt & Jones, 1970; Sucheston & Cannon, 15968
Uotila, 1940). The prenatal adrenal cortex is composed of two distinet zones. The
outer subcapsular zone, the so-called permanent cortex that increases in size after
birth, resulis in the three layers of the adult coriex, whereas the “fetal cortex”, that
oeoupies the innermost zene of the cortex, regresses completely after birth as a result
of haemaorrhagic necrosis (Carlson, 1981 ; Tokuyama, 19807 This may be caused by
the collapse of blood capillaries but the mechanism by which it takes place is still
poorly understood. In the mouse, the fetal cortex iz often called the *X-zone' and
appears on Days 10 to 14 after birth in the boundary regions between the cortex and
medulla, synthesising androgen-like materials (Asari, Fukaya, Nishida & Kana, 1977 ;
Helmes & Dickson, 1971; Nishida & Mochizuki, 1963), Since fetal adrenals on Days
14, 16 and I8 of gestation were wsed in the present study, the tissues studied were those
of the permanent cortex adjacent to the medulla and it has been demonstrated, in
previous light microscopical studies, that the layer conteins & number of renin-
immunoreactive cells (Kon er al. 1990),

In the present study, spparent ultrastructural changes were noted in the Golg
apparetus, rough ER and smooth ER in the cortical cells. During the development of
the adrenal gland, the Golgi apparatus of the cortical cells increased in size and came
1o be divided into several linked portions: however the Golgi vesicles decreased in
nurnber on Day 18 of gestation. Rough ER was developed on Day 16 of gestation, but
decreased to surround only the nucleus on Dray 15, whereas smooth ER was observed
to develop suddenly on Day 18, Tn view of these findings, it iz sugpested that protein
is synthesised in the cortical cells temporarily during late embryological development.
Additionally, it seems that the developed smoath ER acts mainly in steroidogenesis,
functioning as it does in the adult cortex after birth.

In the immunocvtochemical study, renin was demonstrated in the fetal adrensl
gland and this comresponds to the results in the kidney, where a number of renin-
containing cells can also be detected on Day 16 of gestation, with positive reactions
along the primordial interlobar or arcuate arteries (Kon, Hashimote, Kitagawa &
Kudo, 1939). These results, in both fetal kidney and adrenal gland, suggest that the
morphogenesis of these organs, including angiogenesis, steroidogenesis and glomerulo-
genesis, 18 the event associated directly or indirectly with the existence of renin, as
partly reviewed by Deschepper & Ganong (1988). For instance angiotensin 11,
produced by the converting action of renin, has heen shown 1o stimulate prostaglandin
symthesis in the kidneys while prostaglandins stimulate steroidopenesis in the adrenal
gland (Flack, Jessup & Ramwell, 1969 Shebreski & Aiken, 19800,

The present results suggest that adrenal renin can first be detected in the Golgi
regions by immunocytochemical techniques and that it may be transformed, via
protogranules adjacent to this apparatus, into mature secretory granules. In the
general protein-producing cells, however, it has been shown that amino acids in the
cytoplasm are built up into individual proteins by the rough EF and transformed into
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mature granules viz the Golgi apparatus. Prorenin or preprorenin, an inactive
provotype of renin, may be produced by rough ER. It was further demonstrated in the
present study that ne Golgi lamellae showed clear immunoreactivity 1o renin, but the
terminal portions and the protogranules showed exclusive localisation of the gold
particles. This suggests the following possibility for the intracellular maturation of
remin-containing granules: the cleavapge of a prosegment from prorenin may occur on
the trans-face of the Golgi apparatus or in the protogranules, as reporied in kidney
(Taugner, Murakami & Kim, 1936).

During Days 16 to 18 of gestation, becawse of the tendency for the renin
immunareactivity both in the Gelgl apparatus and in the secrelory granules fo
decrease, the following two hypotheses are proposed. (i) Adrenal renin is a temporary
enzyme synthesised only in fetal bfe and it cannot be detected subsequently with our
immunohistochemical technigue. Although we could not demonstrate renin in adult
adrenals, there are a few reports of its detection here (Deschepper ef ol 1986 MNaruse,
Maruse & Inagami. 1984). These contradictory results are thought to be caused by the
difference in the properties of the anti-serum wsed. In recent vears, there have been
many reporis that adrenal renin is increased in vitre after bilateral nephrectomy
iMizuno e af, 1988 ; Maruse & Inagami, 1982 Naruse er o, 1984 Ubeda, Hernandez,
Fenoy & Quesada, 1988). Further study is needed to find whether or not adrenal gland
renin in adult animals ean be detected in vive after bilateral nephrectomy, (i) The
adrenal gland produces prorenin throughout pre- and postnatal Tife; that is, an
unknown enzyme is able Lo cleave the pro-segment from prorenin only during a short
period of letal Bfe. The enzyme that cleaves this pro-segment in the adult kidney is
known to be a cathepsin (Taugner, HBiihrle, Nobiling & Kirschke, 1985a; Taugner
ef ol 19854). Recently, we demonstrated that cathepsin B was colocalised in renin
granules of the adrenal gland (Kon er al. 1991), Moreover, there is another hypaothesiz
in which extrarenal tissues are regarded as sites of renin synthesis, where only inactive
prorenin is produced, and no active renin is introduced into the zencral circulation
(Sealey er af. 1988). Further investigations are needed on the possibility of prorenin
secretion from extrarenal tissues.

SUMMARY

Renin-containing cells in fetal adrenal glands of the mouse were investigated with
the protein A-gold immunocylochemical technique, On Day 14 of gestation, a small
number of specific granwles were weakly immunoreactive and were distributed in the
Golgi region. Sometimes, zpparent exceytosis of gold-labelled particles conld be seen
opening into the extracellular space. On Day 16 of gestation, numerous pold particles
were demonstrated in the Golgi region as well as in the specific secretory granules.
Immunoreactivity of the specific granules was increased as compared with Day 14,
though some granules were observed 1o have no reaction with the antibody. On Day
1% of gestation reactivity for renin decreased, while a few clustersd immunoreaetive
granules were demonstrated just beneath the cell membrane, Mo gold particles were
observed in the Golgi apparatus during this period and more granules negative Tor
renin were noted than on Day 16 of gestation, These resulis suggest that renin is
produced and released temporarily by adrenal cortical cells in the lage fetal Jife of the
Mmase. '

This work was supparted by Grants-in Aid for Scientific Research (Nos. 63480000,
63760233 and 01760230) from the Ministry of Education, Science and Culture, Japan,
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