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ABSTRACT

The androgenic function of the adrenal cortex has been
studied in adult male rats; circulating androgens were asses-
sed througb sexual accessory organ weights and zinc 65 uptake
by the dorsolateral prostate. Acclimated intact and castrated
animals were used as well as animals with regenerating corti-
ces (bilateral - adrenal - enucleated) and dual operations
(enucleation - céstration).

At room temperature (2200), the intact and enucleated
appeared similar in androgen level but, exposure to severe
cold (-5°¢C) depressed the level of circulating androgens.

The cold exposed intacts tended to recover but enucleates
remained depressed after 12 days of cold exposure; cold exposed
castrastes did not display an increase in circulating andro-
gens but the seminal vesicle weights of the cold exposed dual
operated fell to basal castrate levels only after 4 days of
exposure,

ACTH treatment in warm exposed intacts caused a signifi-
cant increase in the androgenic indicators, as well as an
increase in glucocorticoid activity, assessed by thymic involu-
tion. Similar treatment to enucleated animals caused a tran-
sient increase in the androgen level but failed to cause thymic

involution.




ACTH treated warm exposed éastrated'aﬁd’dual operated
animals displayed a small non-significant increase'in the
level of androgens; the.glucacorticoid output in castrated
animals was similar to that of ACTH treated intacts, while
thymolysis.was absent in the ACTH treated dual operated.
All cold exposed animals displayed a lesser androgenic
response to the exogenous ACTH compéred to the warm exposed
counterparts. |

The results 1) indicate a real androgenic capability
of regenerating adrenal cortices; the increase in activity
corresponds to the increase in the regenerating cortical
tissue. 2) suggest that the transient androgenic response
and lack of glucorticoid activity in enucleated animals is
due to an impairment of steroid function within the regenera-
ting gland and 3) suggest that castration removes a factor
necessary for the expression of adrenal androgens in the

adult male rat.
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INTRODUCTION

(i) Adreno-Genital Relations

The physiological relationship between the adrenals and
the gonads has been the object of many preVious investigations;
the work has been reviewed by Parkes in 1945 (1), Courrier et
al. in 1953 (2) and Zuckerman in 1953 (3). Yet the precise
role of the adrenal cortex in the androgenic economy remains
to be satisfactorily explained.

There is, however, sufficient biological evidence to
indicate that the normal adrenal cortex of male rats secretes
androgens or substances similar to those produced by the male
gonads. Price and Ingle (4) have observed a local androgenic
stimulation in the seminal vesicles and ventral prostates of
animals carrying adrenal autotransplants in situ. Castration
of immature rats results in adrenal hypertrophy suggesting a
possible feedback mechanismj; adrenal cortical extract maintains
the sexual accessories of adrenalectomized male rats, while
large doses cause precocious development of these organs (5).
The reviews consistently point out that some changes in the
sexual accessory organs are associated with both the activity
or loss of activity of the adrenals or of the gonads.

The adrenals apparently produce extremely small amounts
of androgens and while the literature does not indicate the
amounts secreted by the rat, Liu et al. (6) estimate that the
cortex of the male dog secretes less than 5 micrograms per day

of androgenic material.



The ability of the adrenal cortex to éynthesize androgens
decreases as age progresses (7), even under ACTH s{imulation,
as demonstrated by Moore (8) and Deanesly (89). This fact ap-
pears to be significant in the failure of many workers fo
measure adrenal androgen production in adult animals.

Recent studies in this laboratory (10) suggest that in
the mature rat, 93% of the total androgéns emanate from the
testes, while only 7% is of adrenocortical origin., In other
studies on the adreno-genital axis, workers have used cold
stress as a stimulus to the adrenal cortex on the assumption
that the resultant elevation in adrenal activity would be
accompanied by a proportionate increase in adrenal androgens
detectable in the elevation of the weight of the sexual acces-
sory organs. However, the testicular degeneration due to
stress often masks any change in the extra-testicular contri-
butions (11, 12, 13, 14, 15).

Tullner observed that ACTH induced the growth of accessory
organs in castrated, but not in castrated-adrenalectomized ani-
mals (16); ACTH has also been found androgenically effective
in cold exposed castrates (12). Other workers have been unable
to elicit androgenic responses by meansof an ACTH stimulation
(17).

The observations on adrenal androgen production are equi-
vocal and seemingly dependent upon the method of treatment of

the animal groups.
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(ii) Adrenal Enucleation and Cortical Regeneration

Adrenal enucleation was.first described by Evans (18)
in 1936 as a method of studying the carbohydrate regulation
by the adrenal cortex; recently Schonbaum has used the pro-
cedure in studies of sympathetic function (19, 20).

The procedure consists in the surgical removal of the
adrenal medulla and coftex, leaving the capsule intact; the
cortex then regenerates from the cellular remnants adhering
to the capsule. The operation has been described for the
rébbit (21), mouse (22), dog (23), man (24) and rat (25).

Recent work by Schonbaum has shown that rats with rege-
nerated cortices can survive cold (4°C) for many weeks and
that the absence of the medulla does not preclﬁde adaptation
to cold, nor resistance to acute exposure to severe cold;
residual sympathetic nerve activity is adequate to maintain
life at 4°C (20).

Immediately following enucleation, the animal is essen-
tially adrenalectomized and the initial deficiency in mineral
corticoid function can be offset by providiné 1% NaCl in the
drinking water.

Ingle (31) demonstrated that the regeneration of the
adrenal cortex appears to be related to a physiological need
for the cortical hormones and is specifically controlled by
ACTH. When one adrenal gland is enucleated and the other re-
moved, the remnant of the enucleated gland regenerates rapidly

(26); regeneration can be suppressed by the administration of
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large amounts of cortical extract or by ieaving the contra-
lateral gland intact. Regeneration does not occur in hypo-
Physectomized animals and repeated injections of ACTH have
little effect on enucleated or transplanted‘glands. However
ACTH infusion by continuous drip induces massive hyperplasia
and hypertrophy of the glands and the secretion of abnormally
high amounts of glucocérticoids; the animals ultimately die
of adrenal hyperfunction.

At first, lipids cannot be detected; according to Pelle-
grino (30), this suggests a rapid release of all formed pro-
ducts. The cholesterol and ascorbic acid levels remain sub-
normal for as long as three months (32). Verne and Herbert
have observed an initial augmentation of histolégically demons-
trable alkaline phosphatase (33).

 Chester-Jones and Wright (34) and Brogi and Pellegrino (35)
report normal production of mineralocorticoids during the rege-
neration brocess. Glucocorticoid production 1-2 weeks after
enucleation has been reported adequate to maintain homeostasis
and permit resistance to various stresses (27, 36, 37). Re-
sistance to histamine is reduced, presumably because of the
deficiency of the medullary hormones (38, 39).

The secretory ability of the regenerating cortex has been
studied by measuring the adrenal effluent: the glands secrete
both aldosterone and corticosterone after an initial deficient
period, but the secretory rate remains subnormal for many months
(35, 40); however, Fortier and DeGroot, report supranormal

secretion from 16 days onward (4l).




Hyde and Skelton (42) raiée the point 6f.functional
secretion as opposed to functional ability. 1In raés with
regenerating cortices, stresséd by fracture of the tibia,
the glands were not able to secrete as much corticosterone
as those of animals with intact adrenals stressed in the
same way. Macchi and Whyman (43) ascribe the difference
in response to a retention of the hérmone in the glands be-
cause of a decfeésed venous outflow, rather than to a decreased
éecretory ability. The in vitro work of Birminghal et al. (&)
supports this contention by showing that incubated regenerated
cortices are capable of a sustained steroid response to ACTH.

No mention has been made in the literature of the in vivo

androgenic capability of the regenerating or regenerated adre-

nal cortex.

(iii) Statement of the Problem

Accepting the fact of the limited but real androgenic
capability of the intact adrenal cortex, we thought that
further elucidation of the adrenal-androgenic complex might
result from a study of the regenerating adrenal cortex; this
system would allow a time study of the secretory potential
of the androgenic adrenal. In addition, cold exposure and
exogenous ACTH could be used as ancillary stimuli.

The level of circulating androgens could be estimated
from the accepted androgenic indicators; sexual accessory
organ weights (45) and zinc 65 uptake by the dorsolateral

prostate (46).
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The present study was therefore designed to investigate

the following:

(i) the androgenic capability of the regenerating adrenal
cortex in situ;
(ii) the modification of this androgenic capability by
a) exposure of the animals to the stress of severe
cold (-5°C)

b) administration of exogenous ACTH.




MATERIALS AND METHODS

Animals and Diet

Adult male albino Wistar rats were used in all experiments.
The animals were cages individually in galvanized steel cages
and supplied Purina Lab Chow and tap water gg‘libitum. Enu-
cleated animals were given 1% NaCl in lieu of tap water through-
out the post-operative period.

Temperature Environments

Three temperature environments were used in the experiment;

all rooms were ventilated and artificially illuminated from

8:00 A.M. to 6:00 P.M.:

a) Room temperature - Air-conditioned animal quarters
maintained at 22 #* 10C; relative humidity adjusted
at 45-55%;

b)  "Acclimation" - cold room maintained at 2 % 1°C;

c) Cold.exposure - cold room maintained at -5 * 1°C,

Treatment Schedule (Figure 1)

Grouping: - Upon arrival from the supplier®, the animals
weighed between 130-140 grams and were subjected to a guarantine
of 6-8 days at roém temperature (22°C). The animals were then
divided into the 3 following groups:

A. Absolute Control Group - these animals were kept at

room temperature (22°C) for the entire experimental period.

&

- Quebec Breeding Farms Ltd., St. Eustache, P.Q.
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B. Pre-Acclimated - Warm Group - these anima}s were

"acclimated" at 2°C for 30 days, whereupon surgery at room
temperature was performed; this group then remained at room
temperature for the duration of the experiﬁental period.

C. Pre-Acclimated - Cold Group - the animals were

"acclimated" at 2°C for 30 days prior to surgery. A 48-hour
recovery period waé allowed: 24 hours at room temperature
(22°C) follawed by 24 hours at +2°C; the animals were then
exposed to severe cold (-5°9C) for the remainder of the experi-
ment,

Animal Sampling:

Since the experiment involved the use of large numbers
of animals in limited faciliéz;s, the experiment was divided
into sub-experiments or staées of approximately 40 animals,
comprising representativeé of each experimental treatment
class.

Surgery:

All surgery was done at room temperature (22°C) under

light ether anaesthesia. Bilateral adrenal enucleation was

performed through a single mid-dorsal skin incision, followed
by a bilateral epimeric approach to the adrenals; the adrenal
capsules were nicked with a scalpel and the contents "popped"
with forceps pressure. The muscle incisions were sutured and

the skin incisions were closed with wound clips. Castration

. was performed by abdominal approach; the entire spermatic cord

was ligated and the testes and epididymes were removed. "Dual-

"~ operation" consisted in performing adrenal enucleation and
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castration at the same time.

Recovery was rapid and complete in all cases; any animals
displaying signs of abcess, perforation or prolonged surgical
shock (less than 1%) were excluded from the experimental data.

ACTH Administration

ACTH! was administered to preacclimated warm- and pre-
acclimated cold—exposea animals beginning on day + 2 post-
operatively, corresponding to day 0 of cold exposure. However,
fqr cold exposed enucleates and dual-operated animals, ACTH
treatment began on day + 5-post-operatively (day + 3 of cold
exposure)z.

Autopsy

The animals were killed between the hours of 9:30 A.M.
and 2:00 P.M. at 2, 6, 10 and 14 days post-operatively corres-
ponding to 0, 4, 8 and 12 days of cold exposure. The animals
were killed by stunning, followed by decapitation and exsangui-
nation. drgans were quickly dissected out, examined, blotted
and weighed wet on a Roller Smith torsion balance to the nearest
0.1 mg; organs weighing more than 500 mg were weighed on a

CENT-0-GRAM balance to the nearest 0.5 mg.

1 ACTH- generously supplied by K. Antoft, Nordic Biochemicals
Ltd., Montreal, as non-sterile powder, with quoted potency
of 57 I.U./mg. The powder was dissolved in 16% gelatin
(U.S.P.) to a potency of 30 I.U./ml. Injection: 15 I.U./
day/rat I.P. at 9:30 A.M.

2

Due to high mortality following I.P. injection into cold
exposed enucleated and dual-operated animals, ACTH adminis-
tration was delayed until day +5 postoperatively (day +3
of cold exposure).
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The following data was obtained at autopsy:
1. Body weight

2. Organ Weights: thymus

adrenals

dorsolateral prostate
ventral prostate
seminal vesicles
testes

Zinc 65 Uptake by the Dorsolateral Prostate

The Zinc GS‘uptake by the dorsolateral prostate was deter-
minedlby the method of Gunn et al. (u6),. Exactly 24 hours prior
to sacrifice, the tracer'3 was édministered into the external
jugular vein by way of a small skin incision with the animal
under light ether anaesthesia. At autopsy, the dorsolateral
prostate was carefully dissected out, dried to constant weight

at 85°C (24 hours) and counted whole in a low-background gas

~ flow counter (Nuclear Chicago Model C115).

Histology

Samples of the testes, adrenals, ventral prostate and
kidney were kept for histological examination. They were fixed
in 10% formalin, Paraplast-imbedded and cut at 6-8 pj; the sec-

tions were stained with Hematoxylin, Phloxin and Orange G (H.P.0.).

" Statistical Analysis

The arithmetical mean and the standard error of the mean
were calculated for each experimental group. The data were

then subjected to an analysis of variance for samples of unequal

Supplied by AECL as Zinc Nitrate in 2.7 N Nitric Acid.
Neutralized with 1N NaOH and diluted with Normal Saline
to 1 mCi/ml. Injection: 40 uCi/100 gm Body Weight in
saline to a total volume of 0.3 ml (40 pCi/0.1 ml).
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size (47). The analyses showing significant differences at
the 1% level were tested at the 5% level, with Kramer's modi-
fication of Duncan's Multiple Range test (48).

Expression of Results

The data are submitted in the form of tables and graphs;
in the graphs, the results are expressed as a percent of the
absolute control (itself representea as a straight horizontal
line at the 100% level). Since the standard errors are gene-
rally 10% or less of the mean, -the errors are not shown on
the graphs.

Exposure to Moderate Cold ("Acclimation")

Since the regeneration period of the adrenal cortex has been
reported to be as short as 7 days after enucleation (41), with
the production of steroids normal after 7 to 14 days (34), an
examination of the androgenic activity of the regenerating
cortex required the shortest possible recovery period between
surgery and exposure of the animals to severe cold (-5°C).

Mobeover, pilot studies on enucleated animals revealed
that mortality consequent to cold exposure (-5°C) increased
significantly when a recovery period of less than 5 days was
permitted. Hence, exposure to moderate cold (+2°C) for 30 days
prior to surgery was used to obtain a greater resistance to’

the stress of severe cold; the post-operative recovery period

~was reduced to 48 hours: 24 hours at +22°C, and 24 hours at +2°C.
All animals, except for the absolute controls (which remained

at room temperature, +22°C, for the entire experiment) were thus
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exposed to +20C, and presumably acclimated. Comparison is
made in all instances with the absolute controls (the non-

acclimated controls) present in each surgical group.
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RESULTS

The Effect of Exposure to Moderate Cold

The effectiveness of the exposure to moderate cold (30 i
days at + 2°C) is reflected in the survival of the enucleated
animals after 12 days of exposﬁre to severe cold (-5°C).

Since this pre~-operative period was successful in conferring

a degree of resistance against the subsequent severe cold
exposure, we can now refer to this pre-treatment as ACCLIMATION
(49).

At day 0 (day +2 post-operatively), because of the expo-
sure to moderate cold, the terminal body weights of all ani;
mals is depressed: the intacts and enucleated have signifi-
cantly lower body weights, but the castrated and dual operated
are not different from their non-acclimated counterparts
(Table I and Plate I, fig. 1).

Furthermore, at day 0, the zinc 65 uptake by the dorsola-
teral prostate shows anandrogenic depression greater by 20-30%
than the depression observed in the weights of the sexual ac-
cessory organs.

Terminal Body Weights (Table I and Plate I)

\

In the non-acclimated (fig. 1), the surgical status

causes a negligible loss (6%) of the terminal body weights
compared to the absolute controls.
Following acclimation (fig. 2), there is a general de-

pression of the body weights compared to the non-acclimated
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TABLE 1

TERMINAL BODY WEIGHT (grams)
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counterparts. The intact acclimated aniﬁals weigh signifi-
cantly less than the absolute controls at 0 and 4 days, the
enucleates weigh less only at day 0, and both the castrated
and dual operated do not differ from their non-acclimated
opposites. " Exposure to the warm environment following the
acclimation ﬁeriod tends to canéel the effects of the moderate
cold on the body,weight and on the weight of the sexual organs.

On the other hand, exposure to severe cold aggravates the
loss of body weight suffered during acclimation (fig. 4). The
intact animals are significantly lighter than the absolute con-
trols at 4 and 8 days of cold exposure; enucleated and dual
operated show the greatest weight loss at the end of the 12th
day of exposure.

The changes in the terminal body weights of the warm
and cold exposed animals treated with ACTH are not signifi-
cant (figures 3 and 5). Dual operated animals exposed to the
cold and treated with ACTH do not survive beyond 4 days of
cold exﬁosure and hence are not followed beyond this point
(fig. 5).

Testes Weights (Table 2 and Plate II)

The Multiple Range Test reveals no point of significant
difference between the experimental groups; however, the de-
pression of the testes weights of the animals exposed to severe
cold at -5°C (fig. 4), and the apparent correction of this de-

pression under ACTH treatment at day 12 (fig. 5) suggestsbiolo-

gical significance. The depression of the testes weight appears to
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parallel the loss of body weight and indicates a systemic
effect in the cold exposed animals.

Ventral Prostate Weight (Table 3 and Plate III)

Non-acclimated enucleates do not diffef significantly
from the absolute controls, and the expected significant
fall in sexual organ weight due to castrai’ .. is observed
in the castrated . and dual operated animals (fig. I).

The effect bf the exposure to moderate cold is signifi-
cant (fig. 2)3; all animals have.significantly lower ventral
prostate weights on day 0. .The enucleates and intacts return
to normal by the 12th day, whereas the castrated and the dual
operated are not different from the non-~cclimated by the Uth
day.

The intact and enucleated animals exposed to -5°C show
a significant fall in their ventral prostate weight (fig. u4);
the intacts recover,a significant increase, by day 12. At
day 4 of cold exposure, the ventral prostate weights of the
dual oPérated are heavier than those of the cold exposed cas-
trates. Although the difference is not significant at the
5% level, this observafion is seen in the other androgenic
indices and suggests a higher level of androgenic activity
in the dual operated at 4 days of cold exposure compared to
the castrates.

ACTH-administration causes an androgenic stimulation of
the ventral prostate in the intact and enucleated (fig. 3);

the depression of the ventral prostate weight following accli-
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mation is negated and a significant elevation in weight
occurs. At Y4 days, the castrates show a 20% increase over
the non-ACTH treated and remain above non-treated levels.
The dual opérated respond after 8 days of treatment with a
significanf gross increase in their ventral prostate weights;
this is observed solely in this parameter of androgenic acti-
vity and may be indicative of the selective responsiveness
of the sexual target organs to the circulating androgens.

In the cold exposed animais treated with ACTH (fig. 5),
the intacts are more responsive than the enucleated, but not as
sensitive as the ACTH treated warm exposed. Similarly, the.

castrated animals treated with ACTH in the cold show a decline

" in the expected regression of their sexual organ weights;

those of the dual operated show an increase in androgenic
activity following a single ACTH injection 24 hours previously.

Seminal Vesicle Weight (Table 4 and Plate 1IV)

Enucleation has no apparent effect on the seminal vesicle
weight in the non-acclimated animals (fig. 1). Castration
causes a weight reduction to 35% of control values by the
12th day (14 days post-operatively).

Acclimation to moderate cold (fig. 2) does not alter the
response of the seminal vesicles in any of the animal groups
exposed at room temperature, although the seminal vesicle
weights are significantly less at day O compared to the non-

acclimated.
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SEMINAL VESICLES - WEIGHT (mgm)
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The exposure of the intacts and endcleated to severe
cold (fig. 4) causes a significant drop in the seminal vesi-
cle weight of these animals. The organ weights of the intacts
tend to recover after 12 days of exposure,Awhile those of the
enucleates *do not recover as much., Cold exposure causes the
accelerated fegression of the seminal vesicle weight to a ba-
sal level (35% of the absolute control values) after 8 days
of exposure. The dual operated, however, show a retardation
of the expected organ weight régression at day 4, and their
organ weights are significantly heavier than those of the both
the warm and the cold exposed castrated as well as those of
the warm exposed dual operated. This appears as the only point
where exposure of castrated animals to severe cold results in
a statistically significant suggestion of adrenal androgenic
activity.

The warm exposed intacts treated with ACTH (fig. 3) res-
pond with a gradual increase in the accessory weights, reaching
a plateéu 10-20% above the untreated levels by the 12th day.
The enucleated respond similarly. Both the castrated and dual
operated show a significant but, transient elevation in organ
weight at the 4th day of ACTH treatment and remain above un-
treated levels.

The cold exposed intacts treated with ACTH react similarly
to the warm exposed (fig. 5), but the enucleated do not respond
as much as they do in the warm. Cold exposed castrates receiving
ACTH show a small increase resulting in a temporary retardation

of the seminal vesicle weight regression.
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Dorsolateral Prostate Weight (Table 5 and Plate V),

The dorsolateral prostate weight shows responses similar
to that observed in the other androgenic indices.

.Non-acclimated enucleates do not différ from the absolute
controls in their organ weight, and the castrated and dual
operated aniﬁals show the expected 'castration' effects
(fig. 1).

Following dcclimation (fig. 2), the warm exposed intact
and enucleated have similaf prostate weights, although their
weights are less than the non-acclimated controls at day O
of treatment. The dorsolateral prostate weights of the cas-
trated and dual operated animals do not differ from those of
the non-acclimated counterparts. |

Exposure of the animals to severe cold (fig. 4), causes
a significant depression of the organ weights of the intact
and enucleated animals; those of the intacts tend towards
recovery of their organ weights, while those of the enucleated
remain aepressed after 12 days of cold exposure. The castrated
show the castration response immediately upon exposure; the
dual operated show a retardation of the expected organ weight
regression at 4 days of cold exposure, but are not significantly
different from the castrated, consistent with the retardation
observed at this point in the other androgenic indices.

In the warm exposed ACTH treated, there is evidence of
androgenic stimulation (fig. 3): 1intact animals display a

gradual increase in organ weight, while those of the enucleates
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DORSOLATERAL PROSTATE - WET WEIGHT (mgm)
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show a transient but, mérked increase, réaching a peak at

8 days (140% 6f absolute control), and falling to untreated
levels (90% of control) by day 12. Castrated and dual opera-
ted animals remain slightly above untreated levels (about 10%),
but are not significantly different in their androgenic acti-
vity. ‘

In the cold exposed animals (fig. 5), ACTH is transiently
effective in the intacts and less so in the enucleates; their
organ weights are slightly greater than the non-treated coun-
terparts, but less than like-treated warm exposed. The cas-
trated show a slight retardation in the expected regression
of the dorsolateral prostate weight, but fall to untreated
levels at the end of the treatment period. Dual operated
animals have glands that suggest increased androgenic activity
after a single ACTH injection.

Dorsolateral Prostate (Dry Weight) (Table 6 and Plate VI)

The dry weight of the dorsolateral prostaic shows the

same resbonses observed in the wet weight of the organ (Table 5

and Plate V).

Zinc 65 Uptake by the Dorsolateral Prostate

Absolute Counts Per Minute (Table 7 and Plate VII)

In the non-acclimated animals (fig. 1), enucleation results
in a small fall of the zinc 65 uptake at day O, a return to
normal at day 8, and a fall to 65% of control at day 12. On

day 0 of treatment, the zinc 65 uptake of both the castrated

ORI .-
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and dual operated have already dropped fo 30% of control,
and gradually fall to a basal level of 6-10% of the absolute
controls; both the castrated and the dual operéted show the
same level of androgenic activity. |

Folloﬁing acclimation (fig. 2), all animal groups show
a decrease in their zinc concentrating ébility. At day O,
the intacts and.enuéleates are SO%ﬁof non-acclimated control
intact animals ténd towards a recovery, while the enucleates
show a transient increase, similar to that seen in the non-
acclimated counterparts. The castrated and dual operated are
similar: acclimation results in the establishment of the low
basal level on day 0 of treatment, and remains at this level
to the end of the experimental period.

Exposure to severe cold (fig. Y4), causes a depression
of the zinc 65 uptake ability of the intact and enucleated;
the enucleated are affected more than the intacts, but, the
intacts show a significant recovery at the end of 12 days of
cold exposure. Exposure of the castrated and dual operated
animals to severe cold does not further aggravate the loss of
zinc 65 uptake; the zinc 65 level remains at the basal level
of 6-10% of control. At day 4, the dual operated have a greater
zinc 65 level than the castrated, but, the difference is not
significant.

The zinc 65 uptake by the dorsolateral prostate also shows
the effects of ACTH administration (fig; 3); intacts show a

significant progressive increase, to 140% above the control
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values after 12 days of treatment with no indication of having

" reached a peak. The enucleates, however, respond transiently

to the ACTH administration, reaching a peak of zinc 65 uptake

on day 8, énd falling below untreated levels by day 12. This

is similar “to the trend observed in the warm non-acclimated
and acclimated enucleates, although the response is of different
magnitude. The castrated and dual operated show a slight non-
significant incréase, and remain above untreated levels through-
out their treatment; the maximum response is seen on day Uu.

The result of ACTH treatment in the cold is seen in fig. 5:
cold exposed intacts receiving ACTH maintain a relatively cons-
tant level of zinc 65 uptake and show the absence of the de-
pression seen in the untreated cold exposed (fig. U4) but do
not increase as do the warm exposed ACTH treated (fig. 3).

ACTH treatment to the cold exposed enucleates is androgenically
ineffective; the prostates actually lose some zinc 65 compared
to the untreated counterparts. The castrated show a slight,
non-significant, increase in zinc 65 uptake, but, are essen-
tially the same as the cold exposed untreated castrated. The
dual operated hint at anincrease in their androgenic activity,
as their zinc 65 uptake rises significantly at day 4, following

a single ACTH injection.

Specific Activity (counts/minute/mgm. wet) Table 8 and Plate VIII)

(counts/minute/mgm. dry) Table 9 and Plate IX)
These parameters do not vary appreciably from the absolute
uptake values (Table 7 and Plate VII) and indicate similar

trends in androgenic activity.

T, .c."




L)

qusuleall jo ¢+ Lep uo ue3aq HIOV
*g°T UuTlere8 %91 ur Leq/"n'I ST - HIDV
uor3zerndog dnoid

ueaw 9Y3l JO JIOIID PIBPUBIS .

upsw TBOTISWYITIY ,
0I13u0) @3INTOSqY

~37-

-————— - === () G% FGYI oTENA
(9) €0 F6°C (L) €0 F¢°¢ (") TI FL'S @3e13se) gHIOV
(9) g0 FES () 60 FL°6 () ¢T F¢€9 g23BaTONUY PTOD
(L) '9°¢ F6°vT| (O1) ST FT'IT| (6) T T * %€l [013U0) PpOIBUTIOIEBIL]
) %0 FL°€ (L) 80 FT°L (L) 01 #TL Tend
() 22 % ('L (8) 90 FT'¥ ) H%'T F6°6 ?@38I3SB) GHIOV
H.Y T'T F %S (L) €1 ¥8€T} (¢) #'S F6°8 @3eaonuy wIepm
() 6°c 7Lz (6) €T FL°ST| (§) LT F LY 1013u0) PpOIBUITOIOEBII]
(¢) €% 704 () €0 FO0°¢€ 9) €1 F0% () 80 % 6°S TENQ
(L) 60 FL°C (8) %0 F6°¢€ (8) €0 7 8°'¢ (L) -L°0 FL°S 9@3BI3ISED P10
(9) % ¥7'9 (8) T'T 69 (8) 01T FL.°8 (sT) S°'T 7 8°LT @3eoTONUY
(t) 6'z %021 (9) 80 F¢€'L (9) 6°T FL0T| (W) T°T ¥ 0°6GT [o13u0) PpOIBWTTIOBRAI]
(9) L€ ¥ %L (L) €0 71I°€ (8) %0 FTI°Y (9) 60 F8'% TENg
(L) 60 7¢€°¢€ (L) 80 F1°% (L)Y 90 % %% (9) 60 F1T°'S ?3BI3ISEB) wiem
(4) L'z FT0T| (9) vz o8t} (9) <1 ¥g0r| (AU) %1 % T1°%L @3eaTONUY
(9) v°¢ FT9T| (9) Sz w<L°%1| (9) 'z ¥0€r| (A1) ST % y°¥I Toa3u0) PIBWETOOEBIA]
(6) 90 7 6°¢ (6) 60 F %% (6) OT 7¢€°9 (0T) %'z 7 I'vI TBNnd
(6) €0 ¥L°¢€ (0T) %0 % L°9 (0T) 8°0 ¥ 0°9 (0T) 9°¢ ¥ G°9T 93213858
(0T) 8'T T S°ST| (01) 6z 86T (6) 91T #T1°6T| (0O1) 0°%y ¥ §'€C 23eeTONUY
(8) 87 Fo'%z| (8) €z 10z} (0T) T ¥ 71°8T {,(8) ¢8'€ #F,27°0¢ (To13u0D 93INTOSqV
7T 4eq g Leq 4 Keq 0 £Leq Jjusw3eal1l JO SSBT)

(3om wdw/R4D) MIVIdA S9

8

N e T T C R PRI

ONIZ - FIVISO¥d TvddLIVI0Sd0d

HIIVL




~38-

A 8 4 0 . 8 b
—_ s @ gd3lvy3do-ivna V¥
u/-/cA 0z oNu —g——-—Y0c Q3LVHLISYD ®
8— ov o ¢ . Q3LVIIONNI ¢
— 09 e— 4§09
° T~ LOVINI @
$ o8
o0l INIWIV3HL JO0 SAvQ
SNSH3A
02! (% 00l) TOHLNOD 40 %
HLOV 905- 9 oG-
oE.M}MMS Q3LVWN20V (tem Buw/wdd) IMvLdN S9 ONIZ
v 61y
31VLSOHd vH31lvi0osyod
g 8 b 0 I A 2 4 ©
. i ﬁ 9 o2
W B \\\\\\ oz -HHHVlﬂuHHHHMll\\\\““ 02 rlﬂHHH"HHHVlnc
v M\ o / ob
$ e P ¢ 09
e 08
o 08 Na [ / »—
et ool ¢ T\ ool
\
® ozl o2
HLOV 9 022 9 o22 9022
Q31VWIO0V Q3LVWIN20V G31VWITOOV-NON
€ b1 2614 I 614

IIIA 3LVId




e s e

e N et 2 fommnamta

TABLE 9

DORSOLATERAL PROSTATE - ZINC 65 UPTAKE (CPM/mgm dry)
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Adrenals

Weights (Table 10 and Plate X)

On day O (day +2 post operatively), non-acclimated enu-
cleated and dual operated animals (fig. 1) have adrenal weights
considerably above those of the castrated and intact animals;
the difference,indicated by the phétomicrographs,is due to a
swelling of thergland with blood and scar tissue, and does not
represent the actual weight of the cortical tissue. By day &4,
the weights of the enucleated adrenal glands approach control
values, and by the 12th day are not significantly different
from the glands of the other groups.

The adrenal weights of the acclimated animals are similar
to those of the non-acclimated (fig. 2), although they appear
to be less in weight; the difference is significant onlyvat
day 8.

Consequent to the exposure to severe cold (fig. #), the
adrenal weights of the castrated and intact animals increase
significantly. Those of the cold exposed enucleated and dual
operated show a retardation of the adrenal weight regression
which can be considered as an increase in the adrenal weights.

The adrenal weights show the expected response to the
ACTH treatment in the warm (fig. 3): the intactsshow a steady
increase in their adrenal weights reaching about 240% above
control values after 12 days of treatment, with no indication
of having achieved the maximum response. The adrenal weight

changes of ACTH treated intacts appear to correspond to the
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changes in androgenic activity observed through the andro-
genic indices. The adrenal weights of the castrated animals
respond with an alternance of increase and decrease, while
the adrenal weights of the enucleated and aual operated
show a sliéﬁt response to the ACTH treatment and remain 60-80%
above untreated levels after 12 days of +t..aument.

The cold exposéd animals treated with ACTH show responses

in their adrenal weights similar to those of the warm exposed

While there does not appear to be a correlation in all
surgical groups between the androgenic activity and changes
in the weights of the adrenal glands, the increase in adrenal
weights of the cold exposed intacts and the concomitant increase
in androgenic activity may be related. iurli. rmore, the ACTH
treated intacts show a close correlation between the adrenal
weight changes, and their androgenic activity.

Adrenals

Histology (Figures 2 to 6)

The histology of the normal adrenal gland is shown in
Figures 2-1, 2-2. Figures 2-3, 2-4 shows the effect of exo-
genous ACTH on the structure of the gland; after 12 days of
ACTH, the cells of the zonae fasciculata and reticularis appear
elongated, with some vacuolation of the cytoplasm. Cold expo-
sure in the intact animals seems to have a similar effect upon
the adrenal cortex (Figures 2-5, 2-6), as the cells are also

elongated and enlarged compared to the controls. Similarly,




e e SRR B

Figure 2

Adrenal Glands From Acclimated Intact Animals

Warm Exposed, 12 days, whole gland' 24

cortex ’ 160

Warm Exposed, ACTH treated 12 days, whole gland 24

cortex - 160 x

Cold Exposed, 12 days, whole gland 24

cortex 160

Cold Exposed, ACTH treated 12 days, whole gland 24 x
cortex - 160 %
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the administration of ACTH to the cold exposed animals causes
hypertropﬁy of the cells of -inner zones of the cortex (Figures
2-7, 2-8).

The regeneration of the cortex of thé enucleated glands
is shown in Figures 3 to 6. Fiéure 3 shows the enucleated
glands from the warm exposed pre-acclimated animals and cor-
responds to +2, +6, +10, and +14% days of regeneration follow-
ing surgical enucleation of the adrenal cortex.

At day +2 (Figures 3-1, 3—2), the enucleated adrenal
appears as a thin connective tissue capsule enclosing a loose
aggregation of blood cells and connective tissue fibers; the
cortical zonation cannot be readily defined.

After 6 days of regeneration (Figures 3-3, 3-4), the
cortex and its zonation become evident; the zona glomerulosa
océupies the major'portion of the cortex and the two inner
zones are indistinct. The boundary between the cortical and
the medullary portions of the gland is composed of connective
tissue.

By the 10th regenerative day (Figures 3-5, 3-6), the cor-
tex approaches normality in appearance; the zonae fasciculata
and reticularis are prominent, but the zona glomerulosa is not
very thick. There appears to be a substantial increase in the
number of cells in the two inner zones, the cells presumably

deriving from the zona glomerulosa (27, 50). On the 1luth day

of adrenocortical regeneration (Figures 3-7, 3-8), the cortex

has vreached normal proportions and resembles the cortex of
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Figure 3

Regeneration of Enucleated Adrenals in Acclimated

Warm Exposed Animals

2 days post operatively whole gland

cortex

6 days post operatively whole gland

cortex

10 days post operatively whole gland

cortex

14 days post operatively whole gland

cortex

24
160

24
160

24 %

160

24 x
160 x
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the intact animals (Figures 2-1,2-2, Tﬁe bentral,ﬁortion of
the gland is filled with connective tissue and a small
amount of blood cells.

The regeneration of the adrenal cortex appears accelerated
in the enucleated animals exposed to severe cold. At day O
of exposure, corresponding to +2 days of regeneration, the
cortex is a disorgénized array of cells (Figures u-1, u4-2),
but the corticai zonation becomes evident by the 6th regene-
rative day (Figures u4-3, 4;4)'with the cells resembling those
of the ACTH treated intacts (Figures 2-3, 2-4). The cortex
éf the gland regenerated for 14 days possesses clear zonation
and a broad cortex (Figures u4-7, 4-8).

Figures 5 and 6 show the regeneration of the glands from
enucleated animals (warm and cold) treated with ACTH. It is
evident that ACTH éccelerates the regeneration process; the
glands of the warm exposed ACTH treated enucleates are well
developed by the H4th day of treatment (Figures 5-1, 5-2). The
cells of the zonae fasciculata and reticularis are large and

the cytoplasm often vacuolated, while the zona glomerulosa is

thin and the cells appear normal. By the 12th ACTH treatment ie,

the 1lith day of regeneration, (Figures 5-5, 5-6), the cortex is
normal in shape and size with well defined cortical zonation.
In the cold exposed enucleates treated with ACTH (Figure
6), the cortex assumes a normal appearance after the 5th ACTH
treatment and a regeneration period of 10 days (Figures 6-1,

6-2). The cells of the cortex are large and somewhat vacuolated
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Figure 4

Regeneration of Enucleated Adrenals in Acclimated

Cold Exposed Animals

w
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cortex

2 days post operatively whole gland 24
) , cortex 160
6 days post operatively whole gland 24
cortex 160

10 days post operatively whole gland 24
cortex 160

14 days post operatively whole gland 24

160
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Figure 5

Regeneration of Enucleated Adrenals in Acclimated

ACTH treated, Warm Exposed Animals

6 days post operatively, ACTH (4 days)
10 days post operatively, ACTH (8 days)

14 days post operatively, ACTH(12 days)

whole gland 24
cortex 160

whole gland 24

cortex 160 x

whole gland 24
cortex 160
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Figure 6

Regeneration of Enucleated Adrenals in Acclimated

ACTH treated Cold Exposed Animals

“

10 days post operatively, ACTH (5 days)

14 days post operatively, ACTH (9 days)

whole gland x2u4
cortex X160

whole. gland x2u4

cortex x160
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in the cytoplasm. The two inner zones occupy the major
portion of the gland (Figures 6-3, 6-4). The medullary
portion of all of the regenerated glands is filled with

connective tissue and some blood elements.

Thymus Weights (Table II and Plate XI

R S e et AR

Changes in thymus weights (and'thymic involution) have
often been associated with glucocorticoid secretion by the
adrenals (51); the weights are therefore included as an in-
dication of the secretory ability of the adrenal glands.

The non-acclimated animals show an increase in their
thymus weights, with the exception of the enucleated which
undergo some thymolysis on the 12th day (fig. 1).

The acclimated animals all show some thymolysis at the

end of the 12th day (fig. 2). The cold exposed animals show

~a marked and constant thymic involution (fig. 4); the castrated

show less thymolysis and presumably less glucocorticoid acti-
vity than the other groups which have a thymic weight depression
of at least 30%.

The administration of ACTH to the warm exposed animals
indicates a differential response (fig. 3); the dual operated
and the enucleated show an apparent lack of glucocorticoid se-
cretion, whereas the intacts demonstrate a marked thymolysis.
The castrated indicate a reponse intermediate to that of the
intacts and the enucleated. |

In the cold (fig. 5), treatment with ACTH does not result

in thymic involution greater than that observed in the untreated
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cold exposed animals. The single sampling of the

operated indicates a lack of thymus involution.

dual
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DISCUSSION

Androgenic Expression with Intact Adrendls

The estimation of the adrenal.androgenic potential in
our experiments used the differential response between the
castrate and the intact animal in answer to the stress of
severe cold (-5°C). The résults indicated that there was an
augmentation of adrenal androgens in the intacts but not in
the castrated, suggesting a dependence upon the testicular
element .in the androgenic expression of the adrenal cortex.
The small androgenic response in the cold exposed intacts
showed that cold stress cannot be considered as the optimum
stimulus in obtaining an adrenal-androgenic response. Although
cold stress results in an increased ACTH secretion (67),there
is also an inhibition of testicular activity; the net effect
is probably a masking of the adrenal contribution (11, 12, 13,
155. The use of exogenous ACTH in the warm exposed intacts
resulted in the pure adrenal-androgenic stimulation of the
sexual accessories and overcame the obj. .iuns to the use of
cold stress.

The stimulation of the sexual accessory organs through
ACTH can thus be considered as the model system: ACTH causes
production and release of adrenal androgens which affect the |
target tissues causing an increase in weight of the androgenic
indicator organs. The model did not apply in the castrated
animals although their adrenals appeared similar in structure

and secretory ability to the glands of the intact animals:
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thymolysis in both castrated and intact animals was similar
but significant androgenic activity was absent in the cas-

trates.

Androgenic Expression with Regenerating Coftices

The détermination of the adrenal androgenic potential
in enucleates indicated a) that the enucleated glands were
capable of affecting the sexual accessory organs, b) that
under ACTﬁ stimuiation, the enucleated glands secreted
androgens at a lower level than that of intact animals treated
with ACTH and c¢) that the androgenic effect appeared transient;
the androgenic potential increased with the regeneration of
the cortical tissue.

The results of our in vivo study are in contradiction to

-—

the in vitro observations of Birmingham et al (ulL) who were
unable to detect androgens in incubated 30 day regenerated
glands; their findings may be due to altered metabolism during
the extra 16 days of regeneration they allowed in their experi-
ments. The lack of thymolysis in ACTH treated warm exposed
enucleated suggests little glucocorticoid activity and corro-
borates the findings of the same workers (44) who observed an
impairment of steroid biogenesis in the zona glomerulosa of

the regenerated gland. Hyde and Skelton (42),on the other hand,
found an increase in glucocorticoids in enucleated animals,

but of a short duration, under stressed and normal conditions.
Brudieux and Delost (51) surprisingly, iﬁdicate a fall in the

corticosteroid content of glands demedullated by electrocoagula-
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tion; this may also contribute to the lack of observeable
thymolysis. Kolthoff, Macchi and Whyman (43) fougd similar
results in cold stressed enucleates: increased blood volume,
increased blood channels, increased retention of hormone in

the glands .and a decreased steroid level in the blood. Fortier
and DeGroot (41) however, observed a supranormal release of
corticosterone after 16 days regeneration in situ.

The lack of'observeable thymolysis in ACTH treated enu-
cleates and the androgenic stimulation in these animals suggests
a dissociation between androgens and glucocorticoids within the
enucleated gland and indicates that ACTH may act on more than
one site. This is in contradiction to the finding of Singer
and Stack - Dunne who found that ACTH acted mainly on the
glucocorticoids of the adrenal (52).

It is clear that the enucleated gland cannot be super -
imposed upon the model of adrenal-androgenic expression formu-
lated for the intact gland; the androgenic activity of the

enucleated gland cannot be predicted.

Although the cortical zonation of the regenerating adrenal ap-

peared complete within 10 days after operation, our findings indi-

cated that the enucleated gland does not achieve the androgenic
potential of the intact gland in the 14 days post-enucleation.

reduced zona glomerulosa of the enucleated gland corroborates the

The

findings of Birmingham et al (44) that was an impairment of steroid

biogenesis within the gland affecting glucocorticoids. The well

developed inner zones (reticularis and fasciculata) suggest that
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androgenic activity may be presént (50, 65); this was verified
in the ACTH treated warm exposed enucleates.

' While the adrenal contribution to the androgenic pool
is'minimal under "normal" conditions, a small increase was
observeable in cold exposed intacts; the burden of severe
-cold stress was not sufficient to cause @ visible increase in
the adrenal androgenic contribution of enucleates indicating
the lack of andfogenic capability of the enucleated gland under

conditions of stress.
Androgenic Expression in Castrates and Dual Operated

One would expect to find a pure adrenal contribution in
the absence of the testis. However, neither the cold exposed
nor the ACTH treated castrate appeared to display a signifi-
cant elevation in the circulating androgens. On the other hand,
. the cold exposed dual operated showed significant androgenic
activity at day 4 of treatment; the maintenance of the seminal
vesicles at an increased level for a short period could be
caused by the transient secretion of androgenic material from
the enucleated gland.

As this appeared as the only point where a "pure" andro-
genic response is suggested after cold stress, it is interesting

to note that the administration of ACTH to the cold exposed dual

operated also caused significant androgenic activity. However

the mortality of these animals after 4 days of treatment precludes

extrapolation of these findings.

U, . oo
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The treatment of warm exposed castfated and dual operated
animals with ACTH failed to glicitsignificant androgenic acti-
vity. Gonbertz (53) suggested that male sex hormone diminished
the effect of ACTH on the adrenal cortex, but were this SO,

the reduced gonadal hormone level in castrated animals would

have resulted in an increased ACTH effect. Kitay (54) found

that testosterone enhanced adrenal secretion of steroids with-
out moderation by the pituitary and ACTH. He also found (55)
that gonadal hormones exerted a multiple effect by inhibiting
the pituitary and stimulating the adrenal. Thus, the gonadal
hormones may be necessary for the expression of the adrenal
hormones. Kitay (55) significantly, found that steroidogenesis
in the adrenals of castrated rats remained the same as controls
up to 4 weeks after gonadectomy. This supports our contention
that the adrenals of intact and castrated animals were similar
in our experiments, and that the differential response to exo-
genous ACTH between castrates and intacts is caused by séme
other factor than thg lack of androgens. Troop and Passanza
(58) suggested that a factor is removed in castration which

controls the level of steroidogenesis within the animal.

Factors in Androgenic Expression

The depression of the androgenic response in cold exposed
enucleates and intacts compared to warm exposed animals is
primarily due to the systemic effects of cold upon the organism.

This factor is also considered in the responses observed in the
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ACTH treated animals and is superimposed.upon the endocrine
effects resulting in the depression of testicular function
in the intacts and enucleated (14),

Since only one level of ACTH was admiﬁistered (15 1.U./
day I.P.), “the maximum androgenic botential of thevadrenal
cortex cannot be determined, The fact that a plateau has
not been achieved in the androgenic indices of the intact ani-
mals suggests that a submaximal androgenic potential was elicited
and is supported by the increase in the adrenal weights.

But enucleated glands show a plateau in their weights and
the androgenic secretory ability appeared transient. The andro-
genic capabilities of enucleated and intact glands thus, cannot
be compared.

Our observations on the differences between the intact and

enucleated glands are related to those ol Chester Jones and

' Spalding (57) and Chester Jones and Wright (34%) who found that

ACTH inhibited formation of glomerulosa cells in enucleated
glands such that the cells in the zona reticularis and zona
fasciculata now predominated. This suggests that there may be
a functional zonation of the glands of enucleated animals.

The validity of our findings in the observed differences of
thymolysis in enucleated and intact animals is supported by
Bergner's and Deane's (58) work on the relationship between
increased glucocorticoid output by the adrenal and thymolysis

in intact animals.
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- The Response of the Target Organs to Androgens

There is evidence to indicate that hypertension develops
in rats with regenerating adrenal cortices under conditions
of high salt intake (59, 60). Grollman (61) ascribed the
hypertension to a hyper-responsitivity of the target tissues
to corticoids during the initial period of adrenal insuffici—
ency. This may explain the high mortality among ACTH treated
cold exposed duél operated animals; the combination of adrenal
insufficiency, development of hypertension and cold stress
coupled with increased adrenal steroid output consequent to
exogenous ACTH may have been sufficient to cause death. This
is substantiated by the decreased mortality obtained by with-
holding the ACTH treatment of cold exposed enucleates until day

+ 3 of cold exposure; allowing the animals to overcome the

~ initial adrenal insufficiency.

A hyper-responsivity of the androgenic target organs
during the post-operative period in the enucleates may have

contributed to the transient androgenic response observed in

.the enucleated and dual operated animals.

The assessment of the cifculating androgens by means of
the androgenic indicators (sexual accessory organs and zinc 65
uptake by the dorsolateral prostate) must take into account
the differential responses of the tissues to the circulating
androgens under various physiological states; thus the response

from one tissue to another is not always of the same magnitude.
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The high androgenic activity of dual opefated ACTH. treated
warm exposed animals at day 12 is not supported in the other
androgenic indices and could be considered an artefact.

The possibility that a steroid will visibly affect the
sexual accessories is dependent upon i) adsorption, ii) uti-
lization, iii) binding at the active site, iv) conversion and
v) excretion. Since some steroids are excreted rather quickly
( ) it is possible that excretion may exceed conversion and
hence utilization. This impliés that while the assessment
of the androgenic potential by weights of the sexual ac&esso—
ries is a relatively reliable method (u5), it does not exclude
the possibility that the androgens produced and released by
the adrenals are not being expressed. This also emphasizes
the importance of experimentation at the whole animal level,
rather than in vitro studies. Furthermore, the variation
from organ to organ indicates the importance of multiple para-

meters in the assessment of the circulating androgens.

" Hypothetical Modes of Adrenal-Androgenic Expression

To account for the difference in response between the
ACTH stimulated intact and castrated animals we propose two
hypothetical schemes whereby the adrenal androgens are expres-
sed in vivo.

-It is obvious from our experiments that we can elicit and

observe an adrenal androgenic response in the sexual accessories
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by using exogenous ACTH in intact animals, but not to the
same extent in castrated animals. It is our belief that

the differential response may be due to the removal of a
factor in the castration procedure which Precludes expression
of the adrenal androgens.

In the first scheme (Figure 7-1), we propose a permissive
role for the testes. The adrenal androgens are represented
by (a) and the'festicular androgens by (b). The testicular
androgens (b) would have a coﬁponent (e) which is present
at threshold levels or higher. At these levels the component
(c)ean potentiate the adrenal androgens (a) to produce the
androgenic vector (d) which is greater than the androgenic
component (a) alone. |

In the intact animal, the permissive level is provided
by'vector(c)and the adrenal androgens (a), supplied by the
M;ction of ACTH on the adrenal cortex, are potentiated to be
expressed.in the increased weight of the sexual accessory
organs.

Following castration, the testicular androgens (b) disap-
pear and consequently vector(c)is removed; the pPermissive
level is reduced below threshold and the androgenic component
(a) becomes relatively expressionless even under high ACTH
stimulation.

The vector(cjmay take many forms including a binding
protein, catalyst, or co-factor. It is not improbable that

testosterone, or other steroid peculiar to the testes in small

S o
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quantities, may be the potentiating faétor, just as corti-
costerone has been shown to exert an inhibitory effect on the
sexual accessories (62, 63).

‘The second scheme (Figure 7-2), propbses that the testes
can exist as a metabolic site for the adrenal androgens. Here,
the testicular androgens are represented by (f) and the adrenal
androgens by (e). 'The adrenal androgens (e) could be converted
by the testes to the more potent testicular androgens and
emerge as a more potent teétibular effluent (f).

Thus, in a normal animal, ACTH stimulation causes hyper-
secretion of adrenal androgens (e), which are transported tp the
testes and converted in the metabolic machinery of the testes
to more potent forms and hence the testicular effluent (f)
appears to be increased in quantity of androgens.

In the castrate, however, the testes are removed, and
the metabolic site,with the result that & - poorer. andro-
genic display can be evoked with ACTH.

The potency of the main adrenal androgen, Abd-androstene-3,
17-dione, is about one fifth of the main testicular androgen, tes-
tosterone  (45). Furthermore the conversion of the adrenal andro-
gen to the testicular androgen has been shown to occur in testi-
cular tissue but not to a great extent in .. -¢nal tiésue
except in abnormal situations (65, 67).

.This scheme does not exclude the possibility that the testes
may exist only as a link in a chain of reactions leading to

the formation of the expressed adrenal androgens. Thus in a
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cascade of step reactions, the chain ﬁay start in one tissue
(eg. the adrenal), move to another tissue, and lead back to
the original tissue for an end result that may be the first
ever seen by the observer (66). The remo&al of one of the links
in the chain would thus preclude total expression of the
adrenal androgens. The facts of our experiments lead us to
believe that the lack.of expression of the adrenal androgens
is not simply due to the absence of androgens from the gland,
but due to the removal of the testes themselves, suggesting
the presence of a positive factor from the testes necessary
for the full expression of the adrenal androgens. It also
indicates the importance of the testes in the.maintenance of
the pituitary - adrenal - testicular axis; the adrenal cannot
maintain the sexual accessory organs in the absence of the

testes even when additional ACTH is added.
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CONCLUSIONS

The androgenic capability of the adrenal cortex of
intact animals can be elicited in the presence of

the testes by both ACTH and stress (severe cold -5°C).
Regenerating adrenal cortices have androgenic activity,
demonstrable only under exogenous ACTH administration

to enucleated warm exposed animals.

The adrenal glands of intact and enucleated animals
are incapable of maintaining the sexual accessories

in the absence of the testes in adult male rats.
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