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INTRODUCTION

Recently it has been shown that the increase in the surface area of agranular
endoplasmic reticulum membranes and mitochondrial cristae per cell, induced in
the rat zona fasciculata by chronic ACTH administration (Nussdorfer, Mazzocchi &
Meneghelli, 1978), is tightly coupled with an enhancement in the activity per cell of
3fl hydroxysteroid dehydrogenase (3flHSD) and 11f-hydroxylase ( lflOH) (Nuss-
dorfer & Mazzocchi, 1983). These two enzymes of steroid synthesis are contained in
the agranular reticulum and mitochondria, respectively (Tamaoki, 1973). Since there
is general agreement that the long term action of ACTH involves stimulation of
protein synthesis (Nussdorfer et al. 1978), stereological and enzymological techniques
have been used to study the effects of a prolonged administration ofchloramphenicol
on the zona fasciculata cells of chronically ACTH-treated rats. In fact, chloramph-
enicol is known to inhibit mitochondrial DNA-dependent protein synthesis (Beattie,
Basford & Koritz, 1967).

MATERIALS AND METHODS

Forty two male adult albino rats of the Wistar strain, about 200 g in weight, were
divided into seven equal groups. Six groups were given intraperitoneal injections of
0.5 ml 0-85 % saline containing 12-5 IU/kg ACTH (Sigma Chemical Co., St. Louis,
U.S.A.) or 12-5 IU/kg ACTH plus 50 mg/kg CAP (Synthomycetin, Lepetit, Milan,
Italy) every 12 hours, for 3, 6 or 12 consecutive days. The seventh (the control) group
received only intraperitoneal injections of 0-5 ml normal saline twice a day for 12 con-
secutive days. All the animals were killed by cervical dislocation at 10 am, 12 hours
after the last injection.
The left adrenal gland of each rat was cleaned of all adherent fat, bisected, de-

medullated under the dissecting microscope and weighed. One half of the specimen
was fixed in 10% formalin, embedded in paraffin wax for optical microscopy, and
serially cut at a thickness of 7 tum. Sliced pieces of the other half were processed for
electron microscopy: they were fixed in 3 % glutaraldehyde, postfixed in 1 % osmium
tetroxide and embedded in an epoxy resin (Nussdorfer, Mazzocchi & Rebuffat,
1973). Thick sections of the three adrenal zones were cut with an LKB III ultra-
microtome and photographed at a magnification of x 1250. Thin sections were taken
at the level of the zona fasciculata and examined in a Hitachi HS-9 electron micro-
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scope at low magnification (x 500). Only parenchymal cells located in the middle
portion of the zona fasciculata were photographed and recorded for stereologic
evaluation.

Sampling procedure for morphometry was the same as detailed in earlier work
(Nussdorfer et al. 1973). The average volume of the three adrenal zones and the
percentage volume occupied by the extraparenchymal space were estimated on
paraffin sections, 7 ,tm thick (Nussdorfer et al. 1973). The mean volume of zona
glomerulosa, zona fasciculata and zona reticularis cells was calculated using light
micrographs at x 1250 (Nussdorfer, 1970). The average number ofparenchymal cells
per mg of adrenocortical tissue was evaluated roughly according to the procedure of
Neri, Gambino, Mazzocchi & Nussdorfer (1978). The adrenocortical halves were
weighed and the average number of adrenocortical cells in each zone was estimated;
this last parameter was obtained by dividing the volume of each zone (minus that
occupied by the extraparenchymal space) by the average cell volume. The surface
area per zona fasciculata cell of agranular endoplasmic reticulum membranes and
mitochondrial cristae was measured on electron micrographs at a final magnification
of x 42000, by estimating the surface concentration of these two classes ofmembrane
(i.e. ,tm2 of agranular reticulum membranes and mitochondrial cristae per um3 of
cell; Loud, 1962) and then multiplying this parameter by the mean, zona fasciculata,
cell volume.
The right adrenal gland of each rat was obtained in the same way as the left one

and homogenised in 0-25 M buffered sucrose. 3/?HSD activity was estimated on the
whole homogenate (Salomon & Sherman, 1976). Adrenal homogenates, each equi-
valent to 8 mg of tissue, were centrifuged at 90000 g for one hour and incubated in
glass tubes in 0*2 ml Tris-hydrochloride buffer, pH 8'3, containing 0-16 mg NAD
and 1 pg pregnenolone (Sigma) in 0-01 ml ethanol. Incubation was performed at
37 °C for two hours with agitation and stopped by placing the tubes in a dry ice
acetone bath. Progesterone was extracted with ether and the ether extracts were
desiccated at 37 °C. Dried samples were then dissolved in cyclohexane-benzene-
methanol (60:40: 10, by volume) and chromatographed on Sephadex LH-20 columns,
using the same solvent as the mobile phase. Purified progesterone was estimated by
radioimmunoassay, using standard kits (Progesterone-3H RIA Pak, New England
Nuclear Corporation, Frankfurt/M, W. Germany). Results were expressed as ng
of progesterone formed by 1 mg of adrenal in 1 minute.

Activity of 1 1IOH was assayed according to Greiner, Kramer & Colby (1976), on
a mitochondrial fraction obtained by differential centrifugation at 10000 g for
15 minutes (Peron & McCarthy, 1968). Mitochondrial pellets, each equivalent to
10 mg of tissue, were incubated in glass tubes in 0-5 ml of Tris-hydrochloride buffer,
pH 7.4, containing 0-9 mg KCI, 0-11 mg MgC12, 1 1 mg NaCI, 8 mg sucrose, 1-2 mg
sodium isocitrate and 10 pg 11-deoxycorticosterone (Sigma) in 0-01 ml ethanol.
Incubation was carried out at 37 °C for 12 minutes and stopped by adding 0-3 ml
0-5 % mercuric chloride. Corticosterone was extracted and purified as previously
described and quantitated according to Spat & Jozan (1972), using mouse serum as
a source of binding protein. Results were expressed as ng ofcorticosterone formed by
a mitochondrial equivalent to 1 mg of adrenal tissue in 1 minute.
By knowing the average number of parenchymal cells per mg of adrenocortical

tissue, it was possible to express the enzymatic activities as ng product/106 cells/
minute.
The data obtained from each rat were averaged for each experimental group and
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the standard deviation ( + S.D.) was calculated. Student's t-test was used for statistical
comparison of the data.

RESULTS

Stereological and enzymological data are shown in Table 1. The average volume
of rat zona fasciculata cells increased as a function of the duration of ACTH treat-
ment, and the cell hypertrophy was associated with a time-dependent increase in the
surface area per cell of agranular endoplasmic reticulum membranes and mito-
chondrial cristae. The average activity per cell of 3/?HSD and 11 OH was found to
increase as a function of the number of days ofACTH administration.

Chloramphenicol partially blocked the ACTH-elicited cell hypertrophy, while it
did not affect agranular reticulum membrane proliferation. Conversely, chloram-
phenicol treatment not only annulled the ACTH-caused rise in the surface area per
cell of mitochondrial inner membranes, but at the twelfth day provoked a significant
decrease in the surface area per cell of cristae, compared with the control value. The
ACTH-induced increase in the activity per cell of 3,/HSD was not affected by chlor-
amphenicol, whereas that of 11/ OH was completely reversed.

Figures 1 and 2 illustrate how the changes in the surface area per cell of agranular
endoplasmic reticulum tubules and mitochondrial cristae in the treated rats were
strictly similar to those in the activity per cell of 3flHSD and 1 l,OH, respectively.

DISCUSSION

The present results confirm the view that the ACTH-induced hypertrophy of rat
zona fasciculata cells is coupled with an enhanced de novo synthesis of the enzymes
of steroid synthesis and that a close interrelationship exists between the surface area
of agranular endoplasmic reticulum membranes and mitochondrial cristae and the
activity of these enzymes (Nussdorfer et al. 1978; Nussdorter & Mazzocchi, 1983). It
may be conceived that, like the classic respiratory enzymes, those of steroid synthesis
also require an adequate steric arrangement for their complete activity. Therefore, it is
proposed that the ACTH-elicited increase in the surface area of agranular reticulum
tubules and mitochondrial cristae provides the increased framework of basic mem-
brane into which the newly synthesised steroidogenic enzymes can be inserted.

It is generally agreed that the mechanism underlying the ACTH-induced enhance-
ment of the growth and steroidogenic capacity of adrenocortical cells involves
stimulation of nuclear DNA-dependent protein synthesis at the transcriptional and
/or translational level (for review, see Nussdorfer et al. 1978). The present findings
indicate that stimulation of mitochondrial protein synthesis is also required. In fact,
chloramphenicol, an antibiotic which specifically inhibits mitochondrial ribosomal
translation (Beattie et al. 1967), administered at a dosage which is found to per-
sistently block in vivo rat adrenocortical mitochondrial protein synthesis without
affecting microsomal protein synthesis (Mazzochi et al. 1978), is able to reverse the
ACTH trophic action on zona fasciculata mitochondria. The present results fit well
with the previous demonstration that chloramphenicol blocks the ACTH-induced
rise in mitochondrial cytochrome P450, but not that in microsomal cytochrome
P450 (Purvis et al. 1973).
However, many lines of evidence suggest that the bulk of the enzymatic mito-

chondrial proteins are synthesised in the microsomes and then transferred to the
mitochondria (Tzagoloff, Rubin & Sierra, 1973; Fridman, Foglia & DeNicola, 1975).
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Fig. 1. Changes in the surface area of SER ( -*) and in the activity of 3,HSD (0----0) in
adrenocortical cells of rats administered ACTH (A) and ACTH/chloramphenicol (B).
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Fig. 2. Changes in the surface area of mitochondrial cristae (--) and in the activity of
llBOH (---0) in adrenocortical cells of rats administered ACTH (A) and ACTH/chlor-
amphenicol (B).

Therefore, the data in the present study concerning 1 ftOH may be explained solely
by assuming that assembly into mitochondrial cristae of this enzyme, synthesised at
the microsomal level, is possible only in the presence of proteins produced by the
mitochondrial DNA-dependent enzymatic machinery.

Further studies are in progress to verify the effects of agents exclusively blocking
nuclear DNA-dependent protein synthesis on the ACTH trophic action on rat zona
fasciculata cells.
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SUMMARY

Chronic chloramphenicol administration was found to block the ACTH-induced
increase in both the surface area of mitochondrial cristae and the activity of 11,8-
hydroxylase in zona fasciculata cells of the rat adrenal cortex. The surface area of
agranular endoplasmic reticulum membranes and the activity of 3f,-hydroxysteroid
dehydrogenase were not affected by treatment with chloramphenicol. These findings
suggest that the mechanism of the ACTH-induced enhancement of the growth and
steroidogenic capacity of rat adrenocortical cells involves stimulation of mito-
chondrial DNA-dependent protein synthesis.

We are grateful to Dr A. Ferrarese for help in the assay of enzyme activity.
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