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Abstract

y (ICC) with a poly ibody (PG-21) was used

to it i the

geny of the gen receptor (AR) in the hippocampus of
Sprague-Dawley rats. Brains of five male and female littermates were examined
at each age covering the neonatal (PND 2, 5, 7), juvenile (PND 14), prepubertal
(PND 25), and pubertal (PND 40) period with one male and female examined at
PND 80. As well, two sets of PND 7 and PND 25 male and female littermates
were injected 30 minutes before perfusion with dihydrotestosterone benzoate
(DHTB) to look for a possible ligand-dependent increase in staining. The density
of staining in the hippocampal CA1, CA3 and DG cell layers was determined in
each section with the density of the DG subtracted from the density of the
pyramidal cell layers as a control for background staining.

In the hippocampus of both sexes, AR staining density is described by an
inverted U-shaped function between the ages of PND 2 and PND 25 with a peak
at PND 7. AR staining density in the CA1 cell layer is at its highest density in
both sexes during puberty (PND 40), with significantly greater density in the
male. In contrast, at PND 40, AR staining density remains low in the CA3 cell
layer. The only other age that exhibits a possible sex difference is PND 7 with a
trend within the CA1 cell layer for greater AR staining density in the male.

In the neonatal and prepubertal animal, the AR staining is dispersed

equally throughout the cell with nuclear enhanced density observed at PND 40.



The effect of DHTB on AR density on age. staining

is observed in both sexes at PND 7 whereas, in the prepubertal animals (PND
25), DHTB appears to decrease AR density in females with no consistent effect
in males.

The ontogeny of the AR within the hippocampus is compared to the

ontogeny of the AR in other brain areas and to the ontogeny of the estrogen

receptor (ER). It is concluded that and prepi tal hij AR
may be regulated by factors other than circulating androgen as AR density is not
clearly related to serum testosterone (‘T") levels and DHTB-treatment does not

elicit a nuclear translocation as demonstrated in adult animals. Instead, the AR

is equally di gt the cell, reg: of g

Thus, the neonatal and adult AR may be differently regulated and may have

different functions.

Key words: Androgen receptor (AR), immunocytochemistry (ICC), PG-21,
CAT1, CA3, dil

(DHTB).
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Ontogeny of the Androgen Receptor in the Hipp of the
Sprague-Dawley Rat.

CHAPTER 1: INTRODUCTION

The brain regulates a variety of functions that are different between males

and females. Some of these di termed izati effects’, are

produced by perinatal exposure to the sex steroids, which permanently alters

neural connections and functions within the brain. Other functional differences
occur throughout life with temporary effects upon neural substrates or circuits,
thus earning the nomenclature ‘activational effects’. Both types result from the

that differs males and females.

Although there may not be a true dichotomy between these two classes (see
Arnold & Breedlove °), the terminology remains generally useful and will be used
as defined above. The most obvious and best studied functional differences
between males and females are those invclved in reproductive physiology and
behavior. Consequently, much is now known about the effect of the sex steroids
on behavior, physiology and neuroanatomy that is linked to mating (for review
Seg 92 SWENINNLILD) However, relatively recent discoveries of the
interaction between progesterone and the GABA receptor '°77-%052.53.100.138.140.15¢

as well as the effect of estrogen (E;) and the estrous cycle on dendritic

within the hi 4108178179 5uggest that the sex steroids may

be involved in more than reproductive behavior '*.



As ameans of i

ing the classical ion of the g
receptor (AR) within the central nervous system, the introduction will review the

involvement of androgens and the AR in reproductive behavior as defined by

and inization. This will such topics as the

synthesis of steroid the

geny of androgen ion, the

presence and function of a-fetoprotein, and the role of aromatization in brain

development. As well, results from with the
gen, dihy (DHT), will be revi 1o help define the
involvement of the AR in these p The i ion will then ine the

composition and properties of the AR protein, as this protein is the means of
exploration utilized by the current study. Because this thesis is concerned with
the presence of the AR within the hippocampus of the neonate, the ontogeny of

the hi ion will then be i as well as what is currently

known about the presence of this receptor within this brain area. Finally, the

will review hi lated sex differences to provide a
framework for functions that may be related to the presence of the AR within the
hippocampal formation.

In general, before a receptor can initiate either a single or a cascade of
events, it must first bind to its activating ligand. This is also true of the steroid
receptors. Thus, the first topic to be covered is when and how the activating

ligands of the steroid receptors are first synthesized.



1.1 OF STEROID

As reviewed by Brown ', hormones are classified into two distinct groups,
steroids and peptide/protein hormones. The latter are synthesized from amino
acids within the ribosomes of the rough endoplasmic reticulum *'. Their function
and description will not be elaborated here as they do not relate to this project.
The sex hormones belong to the steroid group, synthesized in the smooth

endoplasmic reticulum of the cell body within the gonads and the adrenal cortex

2, Following is, they are p to their ive sites of action
within the brain via the endocrine system (blood stream). Steroids are
synthesized from plasma cholesterol, which is initially converted into
pregnenolone, and then into progesterone *'. Both of these substances can be
hydroxylated. Within the gonads of both sexes, hydroxyprogesterone acts as a

prohormone to testosterone (‘T') and DHT, which are secreted from the testes '.

Within the ovaries, small of T are without ion but

most is further converted to estradiol (Ez) *'. In the adrenal gland, progesterone

can be as a steroid oractasap ) to the
and ' However, the hydroxylated
form of prog actsasap to the y

or to the sex steroids, ‘T' and E, *'. Although the gonads and adrenal gland are
proven sources of the sex steroids, recent work suggests that steroids may also
be synthesized within the brain, eaming the nomenclature neurosteroids '*.

However, although neurons metabolize gonadal steroids (e.g., aromatization),



there is no evidence that de novo synthesis of sex steroids within the CNS plays

a role in its sexual differentiation.

1.2 O OF

The perinatal period is a critical period for the organizing effects of ‘T" on
brain and behavior. In order to understand the organizing process it is necessary
to know a) when the brain is exposed to ‘T’ and b) when the particular brain
regions begin to express steroid receptors. This section will explore what is
known about the ontogeny of the ligand that activates the AR.

Using radioi , ‘T is first d d in the testicles of the

Sprague-Dawley = and Wistar * male rat by the 17"-18" day of gestation and in
the ovaries of the female by postnatal day (PND) 10 *. In males of the Sherman
strain, plasma sampled from rats born on day 21 of gestation show a ‘T' surge
between birth and 2-h ex utero, (2820 pg/mi) falling to pre-birth levels by 4-h ex
utero (885 pg/mi) *. A similar surge in plasma ‘T is reported in Wistar male pups
3450153 with pre-birth levels of serum ‘' tripling at birth and then declining sharply
within the first 6 hours. Levels return to pre-surge values by 12- 210 24 h *
post partum. The sampling time relative to birth appears to be critical as the
peak is not observed in blood from Sprague-Dawley males and females sampled
between 1700-1800 h on the day of birth without consideration to the time of
birth *'. However, serum ‘T" from Sprague-Dawley male and female pups

sacrificed at 0.5-2 h post partum is 3 times greater than from pups sacrificed




within 2-24 h post partum '*°. This suggests the occurrence of a post partum
surge in Sprague-Dawley neonates as well. The surge is not likely related to
factors surrounding parturition as similar results were obtained in newbomns
taken by cesarean 2. The early postnatal surge in plasma ‘T" is suggested to be

functional in the inization of the *_ Although a direct

equivalency is not made between the neonatal ages of monkey and rat, plasma
androgen levels are elevated at birth in male monkeys as discussed above for
the rat ®.

In the ovaries of the female rat, ‘T" is either extremely low '* or not

detectable until PND 10 * and in the igni levels are

only after PND 17 in both sexes *. Although the female serum ‘T’ is significantly
lower than in males from PND 1 up to PND 19 “''®'%% the amount at PND 1 is
twice the level reported for every day up to PND 5 *® and for every day
examined up to PND 49 “'-''®. The source of plasma ‘T" found in the post partum
female might be the maternal adrenal gland, which could contribute to the level
observed at PND 1. However, as reported for the male, a similar but significantly
smaller post partum ‘T surge is also observed in female Sprague-Dawley ® and
Wistar ' pups. As well, the sex difference in neonatal plasma ‘" suggests that
the level found in males cannot be accounted for by the maternal adrenal gland
but must be dependent upon an additional source present in males only.
Testosterone is present in the testes of the perinatal male ***'** with the

suggestion '** that the rise in plasma T" immediately after birth is due to the lack



of metabolic clearance by the mother. The mother provides such metabolic
clearance when the fetus is in the womb. The newborn then quickly establishes
a new equilibrium ',

Within the CNS, the level of ‘T" is lower than in plasma Z due to the low
diffusion/transport rate from plasma to the cerebrospinal or interstitial fluid
compartments ', In the PND 1-2 neonate, brain ‘T" is 15-30% lower than
plasma values in the male and 25-70% lower in females . As expected, 12 to
48 h after birth, PND 1 and PND 2 males show significantly greater values
compared to females for ‘T' (>13x) and DHT (>4x) in both plasma and brain .
The amount of ‘T" in both plasma and brain of the neonatal male is 100 times
greater than the amount of E, . Surprisingly, in the neonatal female rat, the
amount of ‘T" reported in the plasma and brain is also greater than the amount of
E; by a factor of 5-10 Z. Brain levels of E; are very low . Although no sex
difference is reported in plasma E; levels, the low level of E; found in the male
brain is still greater than the reported value for the female brain Z. Thus, the
male brain contains more E; than the female brain, whereas both male and
female brains contain more T" than E,.

The continued pursuit of the ontogeny of steroid hormone binding to their

respecti and the implications for sexual diff iation of mating
behavior lead to the discovery of a neonatal binding protein for E,. The binding

protein is no longer present following three-four weeks of life.



1.3 a-FETOPROTEIN

The higher levels of E; in the male compared to the female brain supports
the suggestion that E; is involved in male sexual differentiation (for review see
Gorski 2, Goy and McEwen *). However, activation of the estrogen receptor
(ER) in the perinatal brain is not dependent upon plasma levels of E;. This is
because E; is sequestered in both males and females by the serum estradiol

binding protein, a-fetoprotein (for review see Lieberburg ®, Toran-Allerand '%).

Although various ions have been p for a-fetoprotein including that it

1) acts as a ‘reservoir’, releasing E; slowly to prolong the half-life of maternal

gens and/or 2) provides i transport of E; ', the accepted
function of «-fetoprotein is that it protects females from defeminization (see
Dohler “° and references therein) by limiting activity at the ER.
The properties of a-fetoprotein were defined using various methods
including charcoal assay of in vitro cytosol binding, density gradients, and DNA

binding via DNA y 124 g in is diff

from the ER by its sedil i ient of approxi 4.5S comp to

the coefficient of 8S identifying the ER ™', In the perinatal mouse ’ and rat

120.12¢

brain , a-fetoprotein is found at high i inthe fluid

and in neuronal cytoplasm (see review by “*'®). As well, a-fetoprotein shows

high capacity and greater affinity than the ER for binding E;, but does not bind

“T" nor genic steroids (i ing DES) '®'*. The high capacity and



greater binding affinity of protein for E, 2% p this steroid from

entering the cell nucleus and activating the ER. a-Fetoprotein is present in both

sexes of the 20-day old rat fetus ' and in the neonate at PND 6 7-'2'%, |t

to half the ion by PND 15, with very low presence by PND
22 ' and is undetectable by PND 28-30 %, In the mouse, a-fetoprotein is
undetectable by PND 21 7.

B in is diffuse in

ytopl of brain neurons

740120183 and in particular within the hyp ic, preoptic, and

midbrain areas '%°, it seems reasonable to assume that aromatized E; would aiso
be sequestered in the neonate. However, it is not known if specific neurons
containing a-fetoprotein within the CNS are actually involved in neonatal
defeminization. On the other hand, a-fetoprotein could be actually providing a
steady supply in these target neurons by slowly releasing earlier sequestered E;

1% Alternatively perhaps, in the male neonate, large enough quantities of E;

are syl ized in the such that signi escape

sequestering. F the ized E; enters the nucleus where

it attaches to the ER, thereby inducing a cascade of genomic events.

1.4 AROMATIZATION
As indicated in the previous section, the high capacity a-fetoprotein
sequesters E; within the cytoplasm ' of the neonatal brain, thereby severely

restricting action at the ER. However, E; is belit to mediate inization of




the male brain ©“°5282% (and others, see below) and play a role in masculine
sexual behavior in the adult rat through activation of the ER '%%%'%¢ The E, that
activates the brain ERs in the neonate does not arrive via the endocrine system,

but rather, is metabolized within the brain from ‘T, in a process referred to as

ion. Thus, Ex i within

the gonads, aromatization within specific areas of the brain provides a metabolic
pathway that ensures local sources of E,. Testosterone, which is not bound by
a-fetoprotein, enters the cytoplasm of the cell and in the presence of the
aromatase enzyme is catalyzed into E; **™'”"'%"'%2, Thus, aromatase must be
present in target areas where ‘T'-derived E; is believed to exert its effects (see
Brown %, Goy & McEwen =, Hutchison & Steimer %, McEwen et al. * for review).

Although activity is i via the izing enzyme, such

activity is enhanced by the presence of the AR with aromatase activity
increasing with increased levels of T '®_Both aromatase activity and aromatase

messenger mRNA (mRNA) is in the ic-preoptic area of

castrated male Sprague-Dawley rats and restored by concurrent treatment with

Silastic implants containing either ‘T" or DHT but not by E; '. The lack of a

effect of E, and the equi effect for both T

and DHT replacement in castrated males implies a regulatory role for the AR in

activity and mRNA. The AR is further implicated by

with an anti gen ', i ing Silastic

containing ‘T" at the time of castration restores aromatase activity in adult male



rats relative to controls, concomitant treatment with the AR antagonist, flutamide,

activity to that inthe

castrate '*'. Furthermore, as cited in a review by Roselli '*, androgen deficient

Tfm male rats have signil less activity P to normal
; the is to be y to the deficit in AR
function '2. Thus, it appears pertinent to i i i ion on

aromatase activity within the hippocampus.

In adult mammals, aromatase activity has been reported to occur mainly
in the limbic system, which includes the hippocampus (Callard *%%; cited in
Brown ® and in Hutchison & Steimer ). Although, aromatase activity is reported
to be either negligible or very low in the hippocampus, cortex "'2'2'*' and
midbrain 2 of the adult rat, it is three to four-fold greater in the hippocampus

than in the cortex or midbrain "%, It has recently been reported that the intensity

of i ive staining (-ir) i in the p of the

aromatase inhibitor, R76713, permitting i for ing low

level aromatase activity in specific brain areas “. As expected, Silastic capsules
containing R76713 implanted in male mice 15 days before sacrifice did increase
the density of aromatase-ir in various regions of the CNS. R76713 revealed

aromatase-ir of medium intensity within the hippocampus and cortex of the adult

male mouse *. Perusal of their i ir within

both Ammon’s horn and the dentate gyrus (DG) “. The low but detectable

presence of within the hij of the adult rat is further




inan i by iretal. '. were

exposed for an extended period (72 vs. 6 h), to enhance the visibility of

P450,z0u within the hi ' In the rat, data on

activity in the hippocampus is very limited. Low levels of aromatase activity -
and aromatase mRNA " occur in the hippocampal pyramidal cell layer and DG
granule cell layer of the PND 5 male and female ® and in the PND 6 and PND
15 male rat ™.

Thus, in the hippocampus of the adult rat, aromatase activity appears to

be negligible to low '21213!

, with a paucity of information available for the
hippocampus of the neonate. Although the AR "'*"-'* may be functional in
increasing aromatase activity, thereby optimizing activity at the ER in specific
areas of the brain, such a function within the hippocampus of the neonatal rat is
not yet tenable. An initial prerequisite is the presence of the AR within the
hippocampus of the neonate at a time when aromatized derived E; is reported to
exert its effect. This requirement will be addressed by the current experiment.
However, the presence of the AR in the neonatal hippocampus is not sufficient.
It will also be necessary to compare the level of aromatase activity in the
presence of ‘T" and DHT relative to the castrate as has been determined for

other brain areas '*"'*, As hippocampal information has not been inciuded in

activity in the adult rat "'*''*2, it is possible
that the hippocampal aromatase levels are too low to assess such

manipulations. Available data for the hippocampus of the neonate also indicate



low levels of aromatase activity and it is not known if treatment with the
aromatase inhibitor, R76713, would be sufficient to permit evaluation of steroid

manipulations.
1.5 50-REDUCTASE & DHT
As indicated, ‘T" is a major source of aromatized E; in the neonatal brain.

An alternate metabolic pathway, under the enzyme 5a-reductase, results in a

second biologil active, but

gen, DHT. gh both
androgens activate the AR, they exhibit different affinities and binding kinetics as
described later. In the rat, DHT, administered alone, does not promote either
masculinization of male sexual behavior nor defeminization. Both of these
appear to be under control of ‘T" and E; (see Gorski & Goy & McEwen L Pg.
139, Plapinger and McEwen ''°, Toran-Allerand '®® for review). The function of
DHT is not well understood but as reviewed by Brown %, DHT activation of ARs
within the hypothalamic-pituitary area is reported to inhibit gonadotropic

hormone release. In a review paper, Plapinger ''° reports that DHT is potent in

P ive tissue in the adult male rat. As well, although
DHT may not be involved in defeminization of the rat brain, there is evidence
that it may interact with E; to invoke normal male sexual behavior (see '™ for
review).

Early work from the 1970s i

igated the of 5

activity in the rat using thin-lay of ized tissue from




different brain regions following 1-h *%''%2 or 3-h ** incubation of brain slices
with °H-"T". The adult (PND 70-90) male ****' and female **' rat and ferret '®
show the formation of DHT in many areas of the brain and pituitary .
including the hippocampus = In general, the level of 5a-reductase observed in
the adult is significantly lower than the level reported for the neonatal rat ' and
ferret '®. In the midbrain *, hypothalamus and cortex ***' of the rat brain, the
highest levels of 5a-reductase activity occur within the first postnatal week in
both males and females **'. The adult value is observed by the end of the first
month of life . The pattern is slightly different in the ferret '™, as developmental
levels appear to be region specific. In the ferret, Su-reductase activity in the
preoptic area peaks at the end of the second week of life whereas in the cortex,
higher levels are observed between PND 30 and PND 51 ',

The presence of 5a-reductase activity in specific brain regions suggests
the expression of the AR in these same regions. Indeed, incubation of brain
cytosols with *H-DHT to measure bound levels in specific brain areas reveals the
interaction of DHT and the AR. In the hypothalamic-preoptic area of the
untreated female mouse brain, specific binding assayed in cytosols incubated
with *H-DHT jumps sharply between birth and PND 9-12 with very little change
through the prepubertal period ”. °H-DHT binding in the cortex of the untreated
female mouse brain appears to be similar to the developmental profile of Sa-

reductase observed in the ferret ', That is, low levels of DHT binding present in



cytosols during the first postnatal week increase during the second week and
increase further during the third week of life ”. This experiment ’, however, does
not fully address the ontogeny of the AR, as the developmental profile of nuclear
ARs was not determined. Thus, it is possible that part of the cytosolic increase is

due to a decrease in nuclear AR.

1.6 & MascuL

D inization and inization will next be not only to

demonstrate the possible involvement of the AR in such processes but because,
as will be seen, the data suggests an interdependence between the AR and the
ER for maximal effect. Indeed, such interdependence may extend beyond sex
differences and sexual behavior. Following aromatization of ‘T" to E; out of reach
of plasma (but not cytoplasmic) a-fetoprotein, E; is free to act at nuclear ERs. It
is obvious, therefore, that higher levels of ‘T present in the perinatal male brain
Z result in greater ER activation. Defeminization, defined as the suppression of
female-typical traits and behaviors such as the estrogen-dependent surge of
luteinizing hormone and the lordosis reflex, occurs postnatally. The postnatal
occurrence effectively protects the female in utero from possible ‘organizing

effects’ due to to'T by male i % As stated by

1"

McEwen et al. * and reviewed by Olsen ''*, the aromatization pathway appears
to be critical to defeminization. However, not all data supports this generally

accepted belief. Dohler *, who cites many reports supporting the contention that



aromatized E; is involved in defeminization, also reports that neonatal exposure

of the female rat to ifen induces inization in a d

manner. Tamoxifen is an E, antagonist that binds to, thereby blocking,
intracellular ERs. Compared to controls, the neonatally tamoxifen-treated
females, primed as adults with E, and progesterone, do not ovulate and display

decreased female sexual receptivity “* as would be expected from agonistic

ofthe ERin However, ifen is now known to
elicit weak agonistic as well as antagonistic estrogenic effects in peripheral
tissue such as the uterus, liver and bone ®, itis possible that agonistic
estrogenic effects also occur centrally in tamoxifen-treated neonates. If
tamoxifen elicits its effect on defeminization by agonistic action at the ER, the
tamoxifen-treated females should display masculine sexual behavior when
exposed to ‘T’ as adults. The opposite effect occurs. These neonatally
tamoxifen-treated females, implanted as adults with a Silastic capsule containing

1 mg testosterone propionate (TP) and tested three weeks later, show a

-related dose- in male sexual behavior *. The

treated females show ing and il iSSit ior relative to
control males “. Thus, the possibility that tamoxifen was acting as a true agonist
at brain ERs is not tenable at this time. However, interpretation of ER-related

results is further i by the recent identification of two ions of the

ER within the rat brain 7.



Recent i have

Xpl the pi of two versions of ER
mRNA 7 and ER protein ® within the CNS of the adult rat. The ER-a version is
designated as the classical or primary ER responsible for most of E;'s actions
with the second being the newly discovered ER-f version. Whereas a number of
regions of the brain and spinal cord contain either ER-cc or ER-3 mRNA
exclusively, other regions, such as the amygdala, bed nucleus of the stria
terminalis and the preoptic area contain both signals '”. Within the
hippocampus of the adult Sprague-Dawley female, the signal is dispersed
throughout the dorsal to ventral extent for both ER-a and ER-f mRNA but more
cells are labeled for ER-B than for ER-c mRNA '“’. However, the intensity of the
hybridization signal for both types of the ER is reported to be weak '“’. Although
the presence of ER-B mRNA does not ensure the presence of the receptor

protein, ER imm istry (ICC) indicates ER-f-ir within the CA1, CA2

and DG subfields of the hippocampus, but not in CA3 %. In the ICC study, only
data from the CA2 cell layer is presented, making it difficult to assess the
intensity of the signal for ER-B in the CA1 cell layer . Thus, it is possible that
more cells label within CA2 than within CA1. Regardless, within CA1 and CA2,
both interneurons and pyramidal cells contain ER-B-ir *. However, only the
pyramidal neurons contain both nuclear and non-nuclear immunoreactivity with
ER-B-ir also present in the proximal fibers. The interneurons show only nuclear

ER-B-ir ®. The distinctive partitioning of the ER-B depending upon cell type



(pyramidal or interneuron) suggests a multiple role for this receptor. As well, the
presence of two forms of the ER within the CNS suggests at least two distinct
roles for this protein. It will be of interest to discover if the antiestrogens, such as
tamoxifen, elicit differential antagonistic or agonistic effects at the two versions
of the ER and whether the defeminization process involves just one or both ERs.
In spite of the aromatization hypothesis, the AR may also be involved in
the defeminization process. Olsen ' found that the implantation of Silastic
capsules containing ‘T" for the first 10 days of life completely induced
defeminization in females tested as aduits. Injections of 100 ug of ‘T" for 5 days
from PND 1 to PND 5 were less effective ''*. The ‘critical period’ for
defeminization, utilizing the lordotic response, was further defined by examining
neonatal females and castrated males given a single subcutaneous (sc) injection
of 500 pg of TP on one day from PND 3 through 9 ¥. Whereas the early
neonatally TP treated rats (PND 3-7) display diminished lordosis, those treated
at PND 8 or 9 are comparable to untreated females . Thus, it appears that
exposure to TP from PND 3 through PND 7 maximizes the defeminization

process. However, implanting or injecting the synthetic non-aromatizabie

androgen, i (R1881), in females aiso partially inhibits
the expression of female mating behaviors in the hormone-treated adult ',
Thus, although DHT treatment does not affect lordosis or proceptive behavior
"%, the inhibition by R1881 suggests that defeminization may not be induced

exclusively by aromatization to E,. Several possibilities for the effect of R1881



are presented, including the suggestion that defeminization in the neonate could
be partially mediated by the AR ''*. The ineffectiveness of DHT does not weaken
this suggestion for several reasons. DHT is more rapidly converted than R1881
into less potent androgens and DHT also shows less affinity than the synthetic
androgen for the AR ''. As well, there is autoradiographic data showing a lack

of °H-DHT localization within the brain during the first days of life ', suggesting

the possibility that a di exists DHT and R1881 binding to
neonatal ARs. Thus, the slower inactivation of R1881 and greater affinity for the
AR may have demonstrated a direct role for the AR in defeminization.

The exceptions just noted do not, however, negate the many experiments

that provide ing evi of thei of ized E; in

defeminization as cited in reviews such as Olsen ™. It simply suggests that

while activation of the ER may be sufficient, activity at the AR also appears

capable of i ing inization. As indi earlier, the AR may also be
indirectly involved in defeminization by enhancing the degree of aromatization
that occurs in specific areas of the brain such as the preoptic area and

of has

However,

been demonstrated in adult male "'*'*" and female '*'*' rats, the effect of
androgen on neonatal aromatase activity within the CNS is still to be

determined.

the of male typical traits displayed in

mating behavior, is also dependent upon the activity of sex steroids in the



neonatal brain, but unlike defeminization, masculinization begins before birth ''*.

As reviewed by Olsen ', neonatally castrated male rats given E; during

and g as adults show mounting and intromission

behavior, but ej y ior is signif reduced. Similar results for

specific behaviors occur in studies that replace neonatal E; treatment with either

DHTora i J " Thus,

neither ER nor AR stimulation alone produces the pattern of masculine behavior
observed in the intact male. Male rats, castrated at birth and given DHT (sc)
ranging from 0.1 mg/day on PND 1, 3 and 5 " to 0.20 mg/day for 10 days

beginning at PND 2 %, display i issi i to males given

either ‘T" or DHT + E, ®'*-'®_ However, the comparison between neonatal

treatment with E; and DHT on ing behavior upon the

examined. The percentage of castrated rats showing at least one mounting

response does not differ between DHT-, TP- or estradiol benzoate (EB)-

. Likewise, does not effect the percentage of tests
in which mounts occur with no difference reported between groups *'*".

However, the number of mounts per minute in DHT-treated castrates is

to and signif lower than the number

observed in EB-treated 87 gh one i cites zero

intromissions in male rats treated with DHT at 0.50 mg/day for the first five days

of life '®, the data from that i are i by too many vari: to

be seri i Thatis, and DHT-treated males




were implanted with ovaries from female littermates at five weeks of age and
given hormonal treatment to elicit female typical mating behavior. Following
testing, the same animals were then subjected to ‘T™-priming to elicit male-
related sexual behavior .

As already stated, neonatal treatment with either DHT or E; elicits
equivalent intromission behavior in males whereas ejaculatory behavior is
severely inhibited  or delayed '¥'* relative to neonatal treatment with ‘T alone
50157188 or with DHT plus E, combined '*"'®. Thus, partial masculinization can be
elicited by activity at either the AR or the ER whereas complete male sexual
behavior appears to be dependent upon both AR and ER activity ''*. As well, as

reviewed by Olsen ''*, the use of

Q¢ and anti gt P the
assumption that both sex steroids are required; perinatal treatment with either
alone fails to produce male sex behavior in the ‘T'-treated adult that is equal to

that in the intact male.

Activation of ine traits, ‘organi. in the intact neonate is also
dependent upon the presence of sex steroids within the male brain; again, it
remains unclear exactly which of the sex steroids are involved. As indicated

above, DHT binding to the AR sti i ive tissue in the

adult rat ""® and inhibits gonadotropic hormone release within the hypothalamic-
pituitary area '**. As reviewed by Hutchison & Steimer %, the AR is involved in
copulatory behavior in the male rat as R1881, the synthetic non-aromatizable

androgen, restores copulatory behavior in adult castrated males as effectively as



T '*'%_ This suggests that activity at the AR elicits such behavior but the finding

that DHT, the

g gen, has no effect on

‘activating’ copulatory behavior '*'%®

negates this suggestion. It would appear
that either two different receptors, one for 'T' (that also binds R1881) and one for
DHT (that may or may not bind R1881) or a specific conformational change in a
single receptor, which is not elicited by DHT, is required to make this suggestion
tenable. This possibility is discussed more fully in the following section
(‘Functional Domains and Neuronal Location of the AR') but has not yet been

experimentally investigated. Other work supports the contention that only

sexual behavior in the adult male rat.

Cop Y ioris in the male rat by inhibitors of aromatase as

demonstrated by intracerebral infusion of ATD % or Fadrozole **'% in the lateral

| 168

ventral '® or the medial preoptic area of either the intact * or ‘T"-treated adult

castrate %'%, The in latory behavior by blocking

suggests that this behavior is dependent upon the conversion of ‘T" into E,.
Indeed, unlike masculinization of the neonatal brain, a low dose of E; (by a

factor of 100

pared to ‘T is effective in ‘activati y

behavior in the adult male '°. However, as reviewed by Hutchison and Steimer %

and demonstrated by Vagell and McGinnis '®, a caveat exists in applying the

1 i ing male sexual behavior in castrated rats by the

of Ezis upon the p of either DHT 2 or ‘T" ', Even

the direct ication of E; into the requires, at least, systemic
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administration of DHT to induce male copulatory behavior . This was originally
believed to involve the DHT effect on peripheral sex organs such as the penis %.
However, given the effect of R1881 indicated above, an alternate suggestion
made by Sodersten '** appears plausible; E; may act, not only at the ER but also
by interfering with the metabolism of DHT into inactive metabolites.

It is possible that steroid binding to both the ER and the AR is required for
maximal ‘activation’ of adult male sexual behavior. For example, recent work by
Vagell and McGinnis '* indicates that activity limited to either the ER (via Ex-
filled Silastic implants) or the AR (via ‘T'-filled Silastic implants plus brain
infusion of the aromatase inhibitor, Fadrozole) does not restore ejaculatory
behavior in male rats castrated as adults '*. However, simultaneous
implantation of ‘T'-filled and E,-filled Silastic capsules combined with the

aromatase inhibitor (by brain i ion) or i ing ‘T'-filled without

the aromatase block ' completely restores maie sexual behavior. However, the
function of AR activity in male sexual behavior may be even greater than
formerly believed.

In an effort to address the theii of

the AR and/or ER in ‘activation’ of i i ior, a recent

ic 167

experiment by Vagell and y behavior in the
presence of either the ER antagonist, RU 58668, or the AR antagonist,
hydroxyflutamide. RU 58668 is reported to be a ‘pure’ ER antagonist that does

not exhibit any agonistic properties '®’. Thirteen days after implant surgery,



100% of the gonadectomized ‘T'-treated male rats administered the ER
antagonist ejaculated '*’. However, only 25% of the gonadectomized ‘T™-treated
males administered the AR antagonist did so ' indicating that activity at the AR
plays a major role in the ‘activation’ of male mating behavior. Although the

difficulty in ejaculati i under tamidy may not

originate within the CNS, but rather be perij y-related by the of

penile ARs with a subsequent decrease in penile spines, there was also a
reduction in mounting and intromitting behavior '?. It is of interest that the
behavioral data is supported by cell nuclear exchange assays of brain tissue.
The ER antagonist reduced the level of nuclear ER present in the T'-treated
male (from approximately 16 to 7 fmol/mg DNA) '*’. Likewise, the AR antagonist
reduced the amount of AR present in nuclear exchange assays from 45 to less
than 10 fmol/mg DNA . Thus, the ER antagonist blocked brain ER binding but
not male copulatory behavior whereas the AR antagonist not only blocked brain
AR binding but also inhibited sexual behavior in the male.

Activity at the AR may also mediate many other ‘organized’ sexually
dimorphic behaviors. Such an example is play-fighting, reported to involve the

‘organization’ of In the rat, ion or

with the androgen antagonist, flutamide, results in female typical levels of play-
fighting * whereas females treated with ‘T" or Sa-DHT within the first two days of

life show the masculine pattern ¥'. Treatment with E; has no effect . Likewise,



Tfm mutations, who lack or have relatively few ARs, show the female pattern of

play-fighting *.

As indi for ‘organization’, ‘activation’ of the AR in the adult is also

in iors indit y linked to ion. For le, intact,
untreated male rats spend more time with a ‘receptive’ compared to a non-
receptive female in behavior that is referred to as sociosexual recognition or
partner preference '*’. While the mating advantages are implicit in the seeking
and interacting with a receptive versus a non-receptive female, the neural
substrates underlying such action are not necessarily the same neural pathways
involved in copulation behavior per se. However, data suggests that the
sociosexual recognition pathway invoives activity at the AR. Treatment with the
antiandrogen, hydroxyflutamide, eliminates any difference in the amount of time

males spend with to

p: ptive females males
treated with the antiestrogen spend significantly more time with a receptive than
with a non-receptive female '*". In fact, antiestrogen-treated males do not differ
from males treated with ‘T alone '*". Thus, the AR is involved in ‘organizing’ and
in ‘activating’ the brain with respect to masculine traits and behavior either in
synergism with the ER or alone. While activity at brain ARs is functional in
initiating sexual behavior, it is doubtful whether this involves hippocampal ARs.
However, it is not known if partner preference is related to AR activity within the

hippocampus.
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Before focusing i upon the hij ion and what is

known about the AR within this area, it may be helpful to examine the structure
of the AR protein as well as its neuronal location and other properties. Such an
examination will add insight to the present study, which uses an antibody to the
AR via ICC methods to define the ontogeny of this receptor within specific areas

of the hippocampus.

17 F AND LOCATION OF THE ANDROGEN RECEPTOR
As reviewed by Zhou ', the AR is a ligand-activated transcriptional
regulatory protein composed of approximately 900 amino acids in the rat and

human. In both species, over half of this seq (from one to

540) beginning at the NH,-terminal, makes up the transcriptional activation
region. This region is so named because it is required for full transcriptional
activity within the DNA binding zone following steroid binding '*"'®, The middle

segment of approximately 100 amino acids constitutes the DNA binding zone

and, the binding domain, ised of the final 250 amino acid
sequence, is located at the carboxy-terminal '*'-'*'®_ Peptide sequences used
in raising antibodies are generally located within the initial transcriptional
activation domain '*''* where antibodies will not interfere with steroid binding.
In whole cell competitive binding assay using monkey kidney COS-7 &
CV1 cells, the hormone-binding domain of the AR protein displays high-affinity

for the synthetic androgen, R1881 and for the two biologically active androgens,
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‘T' and DHT ">'*. The ovarian | Ezand are

ineffective at binding to the AR as 100-fold molar excess is required to limit
binding of *H-R1881 to the AR by 60-80% ™. Although the affinity of the AR for
both ‘T" and DHT is reported to be similar, the binding kinetics differ between the

two Te binds and di: i faster than

DHT as determined in testis and prostate tissue '*, monkey COS cells '*, and in
brain cytosols from female mice at PND 23 ”. Possible functional significance of
this difference, as suggested by Zhou ', is that higher levels of ‘T’ would be
required to induce comparable biological effects to DHT. Alternatively, an altered
conformation of the AR protein under these two steroids could regulate the
transcription of different genes.

The location of the AR within neurons depends upon whether the receptor
is bound to its ligand. Immunoreactive staining of monkey kidney COS cells >''
and CNS of Brazilian opossums, castrated four days earlier ® reveals that the

AR is pi i y cy ic in the of

gen, with staining
largely in the perinuclear region ''. The presence of R1881 or the addition of
androgen 2-h before fixation causes strong nuclear staining **’*'*". Findings
extend to the brains of the male ferret °, Syrian hamster '”” and Sprague-Dawley
rat >, where AR-ICC ™*'”” and nuclear exchange assay using °H-R1881 ”°
reveal that nuclear AR is decreased in long-term castrates (>14 days) and
restored 4-8 h following systemic ‘", DHT or R1881 treatment "’*'”". In contrast

to androgen treatment for 4-8 h, 30 minutes of treatment reduces nuclear AR-ir
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density in five out of eight brain areas, relative to the castrated male ferret;
however, the difference collapsed across brain areas is not significant ™. Indeed,
the lack of a rapid increase in nuclear AR-ir density, relative to the untreated

castrate, in any of the eight brain areas ined 30 minutes f

treatment suggests that the AR does not simply translocate from the cytoplasm

to the nucleus in long-term castrates given short-term androgen treatment .

However, AR ion and i by the nuclear exchange
ique, is rep: toi in the long-t prague-Dawley rat
30 minutes ing (sc) with gen ”°. Several ibilities exist

for these differences. Most obviously, the results could be species dependent.
Alternatively, the nuclear exchange assay may label ARs that are not identified
via immunocytochemistry. It is also possible that the AR down-regulates or

undergoes a conformational change that is not reversed by the short-term

p of gen. Such a i change may limit recognition of
the protein by the AR antibody. As well, in specific brain areas of the male rat,
androgen treatment for 10-14 days elicits significantly greater AR-ir staining
compared to intact controls ™7"%*'”7_This gives additional support to the

suggestion that, at least in those areas (i ing CA1 %), induced

AR-ir within the nucleus involves more than translocation and may involve

gen-induced up-regulation of

The recognized androgens (‘T", DHT, and R1881) are not the only

to produce ion of the AR from the cytoplasm to the
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nucleus. At high doses, both hydroxy ide ™ and cypi acetate °7,
recognized as antiandrogens %, also cause nuclear transport of the AR ™.
Cyproterone acetate displays further agonist activity by inducing transcription in
kidney COS cells, whereas hydroxyflutamide does not elicit transcription, thus
acting as a true antagonist 2. Along with the androgens, high levels (100-fold
molar excess) of progesterone and E; result in nuclear translocation of the AR
and induce transcription 2.

As reviewed by Zhou '® and discussed by Simental '*', the ER and
progesterone receptor (PR) contrast with the AR as they are reported to be
predominantly nuclear in the presence or absence of hormone whereas the
glucocorticoid (GR) receptor is both nuclear and cytoplasmic in the absence of
dexamethasone (see Zhou ", Simental **' and references therein). Thus, ligand
binding does not appear necessary for nuclear location of ER, PR or GR
whereas it appears to be a prerequisite for nuclear location of the AR.

Although a high level (100-1000 fold excess) of E, may induce AR agonist
activity in some tissues, 100 pg (sc) does not reverse a castration-induced
increase in AR mRNA observed in the ventral prostate, whereas ‘T effectively
lowers AR mRNA to intact levels as measured 24 h later 'Z. However, a
comparison between the effect of the two steroids is difficult as the dosage of ‘T"
used was 20x greater (2 mg, im). ‘T'-treatment elicits a similar decrease in a
castration-induced increase in AR mRNA in brain tissue, but E, was not

investigated '3 Thus, although E; can mimic some of the effects of ‘T at the AR




in kidney cells in vitro ™, there is presently no report that such activity can induce
functional changes in prostate or brain. However, the lack of effect could be
dose-related.

As indicated above, the amount of AR present in the nucleus decreases

in the absence, and i in the pi of As well, without the

presence of its androgenic ligand, the AR degrades relatively quickly and must
then be replaced by protein synthesis. The up- and down-regulation of the AR

protein has been explored by examining AR mRNA. While this signal may not be

itis y for p ion of the AR. ination of the

regulation of AR mRNA in neural tissues were conducted by Northern blot

hybridization and ri (RNase) p ion analysis #**. Results are
rather complex as regulation appears to be tissue specific and time related. As

well, data involving regulation of the AR mRNA may be complicated by the

of the itself, present in two forms Z.

Short-term (4 days) castration of the aduit male rat increases AR mRNA in
the hypothalamic-preoptic area %, medial preoptic area *, bed nucleus of the
stria terminalis %, and anterior pituitary gland Z with no effect on the amygdala
Z_However, either short-term castration (4 days) or treatment of intact young

aduits with the AR antagonist, flutamide (15 mg/day) for four days decreases

hippocampal AR mRNA ™. Results ing long-te (2 months) ion are
similarly complex and contradictory. Northern blot analysis suggests that long-

term castration of the adult male rat increases AR mRNA in the preoptic area,



medial basal hypothalamus, hippocampus, and the pituitary gland . However, a

later paper from the same group indi that long-t ion of either the
PND 25 or the adult male rat decreases, rather than increases, AR mRNA in the
medial preoptic area and bed nucleus of the stria terminalis as measured by in
situ hybridization two months later .

The short-term castration-induced increase in AR mRNA in the
hypothalamic-preoptic area  and medial preoptic area * is reversed within one
day of acute (2 mg, sc.) treatment with DHT. However, EB treatment for one 2**
or five # days (10 pg/day) has no effect. Again, there is at least a four-fold
difference in the dosage used for the two steroids.

The effect of hormone replacement on AR mRNA is similar in both the

long-term and short-term castrate in several brain areas. For example, as in the

short-term castrate, the long-term ion-induced i is in the
medial basal hypothalamus % and bed nucleus of stria terminalis ** by
implantation of a Silastic capsule containing either ‘T’ (7-weeks) % or DHT (2-
weeks) *. However, the effects of androgen replacement on preoptic area AR
mRNA are less clear. As mentioned above, castration has been reported to have
opposite effects on preoptic area AR mRNA in two studies from the same

laboratory using different methods to measure AR mRNA. These studies also

the effects of g In the initial experiment,

Northern blot analysis indi that chronic with T =

whereas in situ hybridization analysis reveals that chronic treatment with DHT -



increases AR mRNA in the preoptic area relative to the gonadectomized male.
Although the later study does not address the apparent discrepancy between
these two findings, both methods report a restoration of AR mRNA to intact

levels 2%,

Results are further i by the blot analysis ion of
two species of AR mRNA (a larger 11 kb and a smaller 9.3 kb version) found
within all brain areas examined but not pituitary. The pituitary only contains the
larger version 2. It is not known if the smaller version is functional (i.e., will it

bind to and will it ibe or ?). Given the ion that

‘T' and DHT may mediate transcription of different genes, albeit due to a
variation in the conformation of the AR under ‘T and DHT '*, the possibility
exists that the two forms of the AR mRNA regulate different proteins 2. In turn,

the different proteins may be associated with different functions.

1.8 O OF THE F

Because the present study is investigating the ontogeny of the AR within
neurons of the hippocampal area, it appears necessary to review the data on the
time course of the birth of hippocampal neurons. In this regard, it is possible that
the AR is present in the hippocampus of the neonate and that its distribution
differs from that observed in the adult. Consequently, both the time course of the
appearance of the AR and its localization within Ammon’s horn may suggest a

role for this protein in differentiation, synaptogenesis and/or cell survival.



Within Ammon’s horn, the earliest post-mitotic cells are large i

arising from embryonic day (E)15 to E17 within stratum (s.) oriens, s. radiatum
and s. lacunosum-molecular *'"*2, Pyramidal cell neurogenesis occurs slightly
later; the majority of CA3 cells form between E17-E18 and CA1 cells between
E18-E19. Pyramidal cell neurogenesis is complete within four days, by E20 2",
Because the pyramidal neurons sojourn from the site of their birth across the
hippocampal intermediate zone, located between the future alveolar channel
and s. pyramidale cell layer, the morphogenic profile of Ammon's horn takes
slightly longer than neurogenesis but is completed by E22 ** (defined using the
first day of gestation as E1). Thus, all pyramidal neurons are born and in place
prenatally.

As reported with the interneurons of Ammon’s horn, neurogenesis of hilar
cells of the DG occurs mainly between E15-E17 and neurogenesis of molecular
layer cells occur between E15-E19 with no postnatal genesis ''. Dentate granule
cells begin to originate on E17 ''. By E21-E22, granule cells of the dorsal limb
begin to display a mature profile with the ventral limb cells showing signs of
differentiation **. However, 80-85% of granule cells form postnatally ''*'* with

40-50% forming by PND 5 and 5-10% still to differentiate later than PND 18

a2

The ion of is and the idal cell layer
within Ammon’s horn by birth ' suggests that any organizational effects

mediated by synaptogenesis could occur earlier in the pyramidal cell layer than



in the DG. However, a problem exists in that synaptogenesis occurs as part of
the trisynaptic circuit. Thus, within the hippocampal area, DG granule cells
extend their mossy fiber axons toward the CA3 pyramidal cells which, in turn
extend their Schaffer collateral axons onto CA1 pyramidal neurons (see Figure

1.1). It is obvious, , that the idal cells are upon the

postnatal arrival of granule cell axons. Such organizational effects upon and
perhaps even activation of these CA1 neurons would not be expected to occur
until these connections are in place, possibly beginning within the first postnatal
week. Indeed, Bayer and Altman ' report that the pyramidal cell somatas are
pushed further apart during the early postnatal period, possibly due to dendritic

growth and that the expansion of the cell layer volume continues into adult life 2.

It appears relevant to begin ion of the of the AR
within the hippocampus of the neonatal male and female from the earliest
postnatal period possible. This is a period when synaptogenesis of hippocampal
neurons and differentiation of granule cells can be expected to be at a very high
level and when the activating ligands of the AR are known to be present as

discussed earlier.

Having i the avail i ion on the AR and its message
with respect to the brain in general, the introduction will now focus on relevant

data concerning the AR within the hippocampal formation.



Figure 1.1

Drawing of the dorsal hippocampus of the rat showing both
Ammon's horn and the dentate gyrus (DG). Ammon's horn consists
of a continuous cell layer which can be divided into the three
separate regions of CA1, CA2 and CA3. The DG consists of a
dorsal and a ventral limb. The mossy fiber axons of the DG granule
cells synapse onto the CA3 pyramidal cells, which in turn, project

their axons (Schaffer collaterals) onto the CA1 neurons.
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1.9 THE E : WITHIN THE k

As indit in a previous section, the for AR is present in the
hippocampus of the adult rat ' and short-term (4 days) castration

7 whereas long-ts ion i Zthe The level

of AR mRNA is also decreased in the intact rat treated with the antiandrogen,
flutamide, for four days (15 mg/day) ™ suggesting that agonistic activity at the
AR is functional in maintaining AR mRNA levels. Along with the message ", the

AR protein is also present within CA1 of the adult male rat as measured by

immur jvity 2% and ! ¥ Orchi of PND 26 and

PND 60 male rats three days before injection (iv) of *H-DHT (10-20 pg/kg) '’ or
*H-"T" (4 ug/kg) ' 1-h prior to sacrifice reveals labeled neurons in CA1 and CA2
of the hippocampus '**'¥". Fewer cells are labeled for AR in CA3 and CA4 with
no label found in the DG '*'¥". Injection of PND 26 males with unlabeled E;, at
either 20 or 200 ug/kg of body weight, five minutes prior to *H-DHT has no effect
on the nuclear concentration of radioactivity in CA1 '¥". This indicates that E,

does not interact with the AR in this area. Given that castration of the adult male

rat ip AR-ir ined four weeks later , it is possible that
a reduced number of neurons are actually labeled by autoradiography three
days following orchidectomy in both the PND 26 and the PND 60 male "',
While the above studies only investigated the male, the AR is not
restricted to the hippocampus of the male rat. In the intact, untreated six-month

old rat, AR-ir is present in the hippocampus of both sexes 2 However, sex



differences were not investigated . Sex differences were investigated with
negative results in a study of hippocampal cytosolic ARs from adult Long-Evans
male and female rats gonadectomized 2-3 weeks before sacrifice and incubated
with *H-R1881 *. However, it must be realized that gonadectomy could
obliterate any sex difference present in the intact animal. Thus, sex differences
in hippocampal AR, even in the adult, are still to be determined.

A unique method employed to i i the p of the AR and the

ER within the hippocampus bears examination. By using *H-"T" in the intact PND
2 Sprague-Dawley female '* and the PND 24 Holtzman female (ovariectomized
and adrenalectomized at PND 23) ' rat, the *H-'T", marker is retained whether

the steroid is metabolized or not. The *H-"T'; marker, on the other hand, is lost

only under aromatization to unlabeled E;, thereby labeling either the

Torp ized DHT. The difference observed

b the two labels identifies the of the ER '“*. No hippocampal

radioactivity occurred in the PND 2 female examined two hours following
injection (sc) of either *H-"T", or *H-'T’s indicating neither ARs nor ERs were
measurable at this time '“. Ninety minutes following injection of *H-"T", in the
PND 24 female, labeling was localized in many brain areas including the
hippocampus whereas the *H-"T'; label was not found within the hippocampus
'3 The lack of label under *H-'T's suggests that the AR is not present in the

hippocampus of the PND 24 female rat ' Alternatively, perhaps at this age
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in the hi at least in the female, is sufficient to
metabolize all the injected *H-"T' leading to the inaccurate assumption of a lack

of ARs. In support of the izati iti i of the PND

26 male Holtzman rat, castrated three days before receiving an iv injection of *H-
DHT and sacrificed one hour later, shows a high level of labeling in the

hij '¥_ The radioactive label is to that in the PND 60 male

'¥_ It is not currently known if results relate to a hippocampal sex difference, to
differences in the sensitivity of the two methods or to other variables such as
age.

The AR appears to be present in the hippocampus of the fetal, neonatal
and adult monkey. However, a cautionary note is that such information generally
comes from studies involving one or two animals at each age examined. In the
adult male cynomolgus monkey (Macaca fascicularis), hippocampal neurons are
not consistently labeled by AR-ir Z. Likewise, although the AR-ir label is
reported to be widely distributed throughout Ammon's horn and the DG in the
rhesus monkey (Macaca mulatta), it is also widely dispersed within each area ?’.
This contrasts to findings in the adult rat where the AR is localized in virtually

every pyramidal neuron of CA1 and CA2 as identified by i istry

%1% and autoradiography using *H-DHT ', As well, compared to reports of the

presence of the AR in the DG of the adult monkey 7 itis reported to be absent

in the DG of the adult rat "',
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The AR is also reportedly present within the diencephalon of the fetal and
neonatal monkey 7"*'*'. However, neonatal data is severely limited and an
ontogenic profile is not yet available. The full gestational period for the monkey
is approximately 166 days'*. This permits a comparison of data between the
monkey and the rat. Examination of various areas of the diencephalon of the
rhesus monkey between gestation day 50 to 150 reveals both AR-ir ¥ and the
presence of AR within extracted cytosols (using *H-R1881) %’. In the cynomolgus
monkey, the AR is present in nuclear pellets (using °H-"T') "' extracted from the
hippocampus of the intact male and female at day 122 of gestation '*'. No sex
difference in hippocampal AR occurs in the fetal rhesus ¥ and cynomolgus '
monkey. In the neonatal gonadectomized male and female cynomolgus
monkeys, the hippocampal AR is present at PND 6-8 as labeled ‘T’ and DHT are
extracted from nuclear pellets 60 min following injection '*. As well, the
“allocortical’ hippocampus from one 0-3 month-old female rhesus monkey
exhibits high affinity and capacity for androgen binding relative to other sampled
brain areas *'. The affinity and capacity was determined by saturation binding
analysis conducted on cytosol fractions using *H-R1881 *'.

Thus, although the AR appears to be present in the hippocampus of the
adult rat and monkey, the distribution and quantity appear to differ. As well, in
the hippocampus of the neonatal rat and primate, there is limited information
about the presence of the AR with no data available on the ontogeny of this

receptor within this brain area.



Although sex differences in hippocampal AR have not yet been reported,

of ARs upon the p of its activating ligand, either ‘T" or
DHT. Brain levels of both of these ligands are higher in the male, suggesting

that AR activation would also be greater in the male. Thus, any function

by hij ARs could ially elicit one or more sex

differences. It therefore appears relevant to explore information about sex

differences with respect to the hi and hij lated
1.10 Sex AND THE
Sex differences in spatial ior in the vole (Micrott

pennsylvanicus) ', rat '**'¥ monkey ® and human '**' and the correlations
with the size of the hippocampus *** and the DG granule cell layer '¥’ suggest
that ‘T’ may be functional in behavior that is only indirectly related to copulation.
For example, ‘T" appears to be related to sex differences in learning reported for
the monkey °, rat 848118128127 and hyman ',

Sex differences in the development of learning abilities reported in the
rhesus monkey are postulated to be related to the presence of gonadal steroids

(for review see ¥). The argument is made that the presence of androgen

p ion of the orbital p cortex, as males perform an ‘object
discrimination reversal' task, shown to be dependent upon this brain area,
significantly better than females. This sex difference occurs only in the relatively

young monkey (2-3 month old) and disappears with maturation of the female



cortical area °. Females treated with TP as neonates perform as well as intact
males and better than intact females when tested at 75 days of age °. Analysis of

a different visual discrimination task ( object discrimination at a 24-h

intertrial interval '), shown to be related to the inferior temporal cortex in adults,
also reveals a sex difference with females outperforming males at three months
of age. Hormonal manipulation in the neonate by male orchidectomy (ORX) or
by injecting ovariectomized (OVX) females with either TP or DHT three
times/week from birth to three months of age reveals an androgen-related effect.
ORX males perform better than intact males and as well as intact females,
whereas DHT-treated OVX-females require significantly more trials to criterion
than intact females. The sex difference disappears by six months of age and is
not present in the mature (3-4 year old) monkey °. As discussed by Bachevalier
and Hagger ®, androgen-derived estrogenic action on the orbital prefrontal cortex
may affect object reversal leaming, whereas the influence of androgens on the

inferior temp: cortex (and i may affect visual

discrimination learning.

Studies in the rat reveal both positive and negative effects of ‘T" on spatial
learning. In the intact animal, three-month (Sprague-Dawley) '* and six-month
old (Zivic-Miller strain) * males make fewer errors and take fewer trials in
various maze-learning problems (i.e., radial arm maze, and ‘correct path’

choices) p: to females . | control males also perform better

than males treated ly with an acetate,



5 mg/day at PND 1, 4, 7, and 10) %, Injection of intact females with 0.150 mg/day
of TP at PND 3 and 5 '%* or with 5 mg/day of TP at PND 1, 4 * results in maze
learning that is comparable to control males and better than cyproterone-treated
males or control females %. Interestingly, intact males and females injected with
cyproterone acetate perform better than either castrated males or normal
females but, as already indicated, significantly worse than intact males or TP-
treated females %. This result could relate to the finding that cyproterone
acetate, at high doses, acts as an agonist, rather than an antagonist *2, Similar
sex differences occur for the Morris water maze. Males (Long-Evans, Sprague-
Dawley) perform better than females in acquisition and retention of the spatial
task ""*'7". As well, neonatally TP-injected (0.150 mg/day PND 3, 5) females
perform better than control females '#”.

In contrast to the positive effects of ‘T" treatment in the female reported
above, ‘T" treatment of the intact male rat appears to have detrimental effects on
spatial learning. In the intact adult maie, implantation of ‘T'-filled Silastic
capsules one month before testing not only fails to reverse memory decline in
aged (31 months) rats, measured in the hidden platform task of the Morris water
maze, but it impairs retention in young (4.5 months) and middle-aged (20
months) animals (Brown-Norway) . Results from TP and cyproterone acetate
injections in the neonatal male rat indicate similar impairments of spatial learning
when tested as adults. Both neonatally cyproterone-treated * and TP-treated

12127 intact males make more errors and require significantly more trials to
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criterion in a variety of mazes * including the radial arm maze ' and Morris
water maze '?’ compared to control males, TP-treated females, or cyproterone-
treated females. Again, the results from cyproterone acetate treatment suggest
agonistic rather than antagonistic effects. Thus, it appears that neonatal
exposure of the rat to ‘T", either endogenous or exogenous, enhances spatial
learning but an optimal level is already present in the neonatal male. An
increase in ‘T"-levels may reverse the positive effect, possibly by inducing a

p i ism to induce de ion of a ‘T"

receptor (i.e., either the AR or ER), in both the neonate and the adult. Although it
is realized that the ER may also be invoived in organizational effects on maze
learning, the involvement of the AR is supported by the finding that the AR
antagonist, cyproterone acetate, is known to elicit agonistic effects at the AR (at
least in kidney COS cells) ™, but not at the ER. The feedback regulating

mechanism could also ensure ion of the CNSata

level as postulated earlier for the monkey ®.
While the above studies do not indicate the involvement of any specific
area of the CNS in spatial learning, both lesion '*'* and correlational studies

127141042

suggest the i of the hi (for ive review see

™). Thus, if sex differences in spatial learning relate to maturation and or
morphology of the hippocampal area (see Figure 1.1), then sex differences in
anatomy would also be expected and such effects should correlate with

behavioral data. With respect to induced ion of hi



tissue, Roof and Havens ' reports that the hippocampal granule cell layer is

wider in the male compared to the female. F TP.

(0.15 mg/day on PND 3, 5) of the female increases the width relative to the
control female '#”. As well, performance on the Morris water maze shows a
strong correlation with the width of the granule cell layer '

Given the involvement of the DG in the tri-synaptic circuit from the

cortex, it is ible that any ification of the DG granule cell layer
should be reflected throughout this circuit which includes the CA3 and CA1

pyramidal cell layers. Indeed, in 3-4 month old males from a variety of mouse

strains, high positive ions are reported the size of the infra- and

intrapyramidal mossy fiber terminal field (projecting to CA3) and either water

142 141

maze '* or 8-arm radial maze "' performance measuring spatial working
memory (reentry to arm already visited). The relationship between the size of the
mossy fiber terminal field and spatial memory is strengthened by the additional
finding that there is no correlation with measures involving non-spatial reference
memory "*'. Continuing further into the hippocampal tri-synaptic circuit, there is
greater volume and neuron number in the hippocampal CA1 area of the male
compared to the female *. This suggests that the Schaffer collaterals from CA3
interact with significantly more CA1 pyramidal cells in males than in females.
Furthermore, the sex difference within area CA1 is present as early as PND 30

and still present at PND 180 *. Thus, the hippocampus proper (comprised of



Ammon's horn and the DG) displays morphological sex differences that are
correlated with sex differences in spatial learning.

Sex di in spatial i above suggest that

androgen enhances spatial by an izati not an
activational, effect. However, results do not indicate whether ‘T" is directly
involved or if the effect is induced by one of the metabolites, either DHT or E,.

None of the previously i i this issue except

indirectly by the use of the antiandrogen, cyproterone acetate. However, work by
Williams and her colleagues ' suggest the involvement of E; in enhanced
spatial behavior. Females given EB injections for five days from PND 1-10
perform as well as untreated males and better than either castrated males or
untreated females, tested as young adults in a 12-arm radial maze spatial task
'™ The same group reports that ATD-treatment of neonatal (PND 1-10) males,
to block aromatization of ‘T" to E,, impairs acquisition in maze performance

compared to male controls tested as young adults '’*. Although it must be

that blocking ization in males inhibits spatial learning relative to
male controls, the question remains whether ‘T, either directly or via its

metabolite DHT is also involved in spatial behavior. Support for such

I is already indi above as cyp acetate, an antag
known to have agonistic properties at the AR at high doses (discussed above)

enhances female performance but is not as effective as T'-treatment 2 As well,

in males, cyp acetate i © as reported for T'-



treatment ®'*'?"_ indeed, blocking ization in males by ADT-

treatment may have induced its detrimental effect on spatial performance "’ by
eliciting an increase in ‘T"-activity at ARs, rather than by eliminating the E,
metabolite. This is consistent with the idea of an ‘optimal level’ of ‘T" required to
enhance spatial performance.

Also, action by E; does not elimi any possible ibution that may

be made by either “T" or DHT acting at the AR. Such a contribution could occur

by an AR i i in activity as

p for many

diencephalic nuclei "', In one such experi adult

Sprague-Dawley male and female rats were either sham implanted or implanted
with Silastic capsules filled with either crystalline “T" or TP ', The capsules
ranged from 2 to 40 mm in length in order to provide step increases in serum ‘T'
'3 Aromatase activity was analyzed in the treatment groups with respect to

circulating ‘T'-levels measured at the time of sacrifice; data from sham implanted

animals provide a line of ison '*. activity is reported to
increase with increasing levels of serum ‘T" in both males and females in various
brain areas including the bed nucleus of the stria terminalis, periventricular
preoptic area, medial preoptic nucleus and ventromedial nucleus of the
hypothalamus '®. A sex difference accompanies the ‘T-induced increase in
aromatase activity in all four areas with significantly greater activity in the male
'*_ Indeed, the only area analyzed that exhibits increases in aromatase activity

as a function of serum T" but does not exhibit a sex difference is the anterior



hypothalamus '®. As indicated earlier under the topic of aromatization, the

stimulatory effect of AR activity on ization within the hij is not

yet known.

The sex differences in spatial learning described above with males
performing better than females in a variety of mazes may relate to gonadal
hormone activity within the hippocampus. The influence of gonadal steroids

upon the brain, either izati or activati not only on the

presence of the relevant sex steroid but also upon the availability of its receptor

within specific neural circuits. Thus, before ‘T or its metabolite DHT can elicit

either ic or possibly genomic effects, the steroid must interact with
the AR whereas the metabolite, E; must act at the ER. The ontogeny of the ER
and PR has been studied in the rodent in a number of brain areas
38.39.76.85.87.102.115.149.181 including the hippocampus H13134.148.150158.16¢ The AR
however, has been studied mainly in areas of the brain known to be related to

copulating behavior “5879196135137.144.145 168,182

with a paucity of information
regarding the ontogeny of the AR within the hippocampus. Available data are

from an i using i to show AR labeling within the

hippocampal pyramidal cell layer of the PND 26 male '’ and PND 24 female '

Holtzman rat. As well, AR mRNA is present in the fetal hippocampus. Both in situ
hybridization '* and cultured cells analyzed by Western blot analysis "”® indicate
AR mRNA in the hippocampus at embryonic day 18 in the rat "™ and 15-16 ' in

the mouse. The lack of information on the AR could result from the absence of



this protein within the neonatal rodent hippocampus. However, both AR mRNA

22731%2 and the AR protein are present in the hippocampus of the intact adult

male #%'%'%7 and female  rat as indicated by autoradiography '*'¥ and (ICC)
2890135

as well as in hippocampal cytosols of the gonadectomized male and

female rat with the P ! ique *. Thus, the present

experiment will address the question of the ontogeny of the AR within the
hippocampus of the neonatal rat.

Given that T" is reported to exert organizational effects on spatial learning
ability as indicated above, it appears pertinent to determine the ontogeny of the
AR within this circuit that is implicated in spatial behavior. This thesis is
therefore directed toward defining if the AR is present in the hippocampus of the
neonatal male and female Sprague-Dawley rat, or if not, when it can first be
detected. The newborn male and female are investigated at various stages of
postnatal development. Using day of birth as PND 1, three days, PND 2, 5 and 7
cover the early and late neonatal critical period for the masculinization and
defeminization for hypothalamic functions %, The juvenile rat is examined at
PND 14, a dynamic period behaviorally, as ears open and pups begin to explore
outside the nest with eyes opening two days later (at PND 16) ‘. PND 25 is the

time period utilized to assess the p level of AR p ing the rise in ‘T'

observed between PND 25 and PND 35 in the Sprague-Dawley *": and the

Holtzman '® strain. The early pubertal stage is examined at PND 40.
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CHAPTER 2: METHOD

2.1 ANIMALS

All animals used in this study were treated under approved protocols and

guidelines set by the Instituti Animal Care C i of ial L

y

of which under the Canadian Council on Animal Care.
Pairs of mature male and female Sprague-Dawley rats were housed in a large
rectangular box over a three-day period to allow mating and initiation of

pregnancy. Females were then removed and housed in pairs for 15 days in

poly y cages under a 12-h light-dark cycle with free
access to food and water. During the last week of gestation, females were
housed separately and checked at 9:00 a.m. and 6:00 p.m. every day. Pups born
after 6:00 p.m. were considered born on the following day, with the day of birth
designated as PND 1. Pups remained with the dam until PND 21 at which time
littermates were housed in same sex triplets. At puberty, they were housed in
same sex pairs. Male and female littermates were examined at PND 2, PND 5,

PND 7 PND 14 (j ile); PND 25 PND 40 (pt )

and PND 60 (adult). Each age up to PND 25 contained five males and five
fernales with four of each sex in the PND 40 group and one male-female set at
PND 60. At least three different litters were sacrificed at each age (except PND
60) to ensure that reported differences in AR ontogeny would not be due to

variability between litters. The ano-genital distance (mm) was used to identify



the sex of the newborn and juvenile pups. Pups were anesthetized by an
injection (ip) of Somnotol (sodium pentobarbital, 65 mg/mi) diluted 1:10 in 0.9%
saline and 1% heparin at a dosage ranging from 0.05 mi in PND 2 to 0.25 mi in
PND 14. All other ages received undiluted Somnotol (ip) at a dosage of 0.09
mi/100 g. Twenty to 25 minutes later, the animals received a two minute pre-
flush with 0.9% saline containing 1% heparin (20-35 ml) followed by 100-250 mi

of 4% in sodium buffer, pH 7.2. The

fluids, kept ice cold by immersion in a pan of crushed ice, entered the left
ventricle of the heart via a 23-gauge needle and drained from an incision made
in the right auricle. The flow rate of the perfusate was adjusted from 9.2 mi/min
for PND 2 up to 35 mi/min for PND 60 animals.

To investigate the possibility that the non-liganded AR may have less
affinity for the antibody, possibly due to a conformational change in the AR as
suggested earlier, two sets of male and female PND 7 and PND 25 pups were
injected with dihydrotestosterone benzoate (DHTB) (20 mg/kg ip in ethy! oleate)
30 minutes before sacrifice. Following injection with DHTB, animals were either

placed under a heat lamp (PND 7) or placed in a clean cage as defined above

(PND 25). They were ized 20 minutes ing DHTB injection and
perfused 10 minutes later. Thirty minutes is sufficient time for AR occupancy to
occur in various brain areas and pituitary following ‘T'-filled Silastic implants (sc)

7. Hence, the 30 minute period was chosen because it is long enough for DHTB



to reach brain ARs, but not long enough to modify the amount of AR present via
up- or down-regulation of transcription of the AR gene.

Following perfusion, brains were i i and i in

the perfusate for 24 hours, then cryoprotected by immersion in 20% sucrose in
4% paraformaldehyde for a further 24 hours or until sunk. Brains were then
blocked by a vertical cut through the medulla at the caudal edge of the
cerebellum, weighed, frozen by immersion for 2 minutes in isopentane (2-
Methylbutane) that was cooled to ~70°C, wrapped and stored at —=70°C until

processed.

2.2 ANDROGEN RECEPTOR ANTIBODY

The antibody and the peptide controls used in the present experiment
were gifts from Dr. Gail Prins, University of Illinois at Chicago. PG-21 is an
affinity purified, rabbit polyclonal antibody raised against the synthetic peptide
corresponding to the first 21 amino acid sequence beginning at the NH,-terminal
end in the transactivation zone of the rat and human AR. The specific properties

have been described in detail by the co-developers of this antibody ' and it has

been utilized in i to explore properties of the AR. For
competition experiments, tissue was incubated with the antibody PG-21 and a 10
molar excess of the peptide used to raise the antibody (AR21). A distant peptide
(AR462) of amino acid sequence 462-478 of the AR was also synthesized (but

not used to raise an antibody) and used as a noncompetitive control. As already



indicated, PG-21 binds to the first 21 amino acid sequence in the carboxy
terminal zone and as such does not interfere with either the DNA binding

sequence nor with hormonal binding to the receptor. Thus, it should react with

either ied, or i p provided the pied receptor
does not exhibit a ional change that prohibits antibody binding as
discussed earlier.

23 I1cC

Pre-testing was performed to determine the best method to investigate the
presence of the AR in neonatal and adult tissue. Initially, brain tissue from the

adult male was onto gelati ted slides and p for ICC using

different dilutions. Aithough 1:5000 achieved adequate staining density,
especially in hypothalamic areas, 1:2000 yielded better results in hippocampal
tissue. However, neither dilution was effective when neonatal tissue was
processed in this manner and the dilution was increased to 1:500. Again, the
increase in antibody failed to reveal the presence of neonatal ARs in tissue

mounted onto gelatin-coated slides before ICC processing. Neonatal tissue was

y p with sections on gelatin-coated slides or
placed in plastic culture wells containing PBS using an antibody dilution of
1:500. Whereas staining density was not observed in the slide-mounted tissue,
the AR was clearly present in the hippocampus of the free-floating sections.

Although neonatal tissue was then tested with dilutions of 1:1000 and 1:2000 in

51



the free-floating procedure and compared with 1:500, the higher concentration of
1:500 was used to ensure maximizing the staining density of hippocampal ARs
in the neonate.

Brains were sectioned in the coronal plane at 40 pm in a —20°C cryostat.
As they were cut, sections were placed into wells of plastic culture trays
containing cold PBS. All ICC reactions were performed on free-floating sections

within the wells of the trays. sections

ighout the hi
from the rostral to the caudal extremes, were either stained with cresyl violet
(0.1%) or processed for AR-ICC. Using a dilution of 1:500, the rabbit antiserum
to AR was stored in the wells of the plastic culture tray and reused to stain
multiple sets of brains. Yoked sets of brains consisted of sections from both

males and females age PND 2 through PND 40 such that sections from a total of

12 animals were processed for ICC at the same time. This ensured that any

inp was evenly distri across itions. In one set, the
male and female PND 40 was replaced by the adult PND 60.

In the AR-ICC, sections were biocked for nonspecific staining in a solution
of 0.2 M PBS, 0.2% Triton X-100, 1.0% H.O, and 4% normal goat serum (NGS,
Gibco, ON) for 1 h at room temperature. Following three washes of 10 minutes
each in PBS, sections were transferred to the primary antibody prepared in a
solution of 0.2 M PBS containing 1.0% bovine serum albumin (BSA), 0.2% Triton

X-100 and 0.02% sodium azide. To check ificity of the primary

control sections from each set were immersed in the AR antibody PG-21



(1:1000) that also contained a 10 fold molar excess of, either AR21, the
competitive peptide, or AR462, the unrelated peptide. Culture trays containing
the sections were gently agitated for 1-2 hours and then stored, without

gitation, at 4°C for the i of 48 hours.

All procedures following the primary antibody incubation were performed
at room temperature. Sections were washed three times for 10 minutes each

time in 0.2 M PBS before each of the ing steps. ions were i

for 2 hours in a solution of normal goat serum (1:110) and anti-rabbit IgG
biotinylated antibody (1:340) from the Vectastain Elite ABC kit, prepared in a
diluent of 0.2 M PBS buffer with 0.2% Triton X-100 plus 0.1% BSA. Thirty

minutes ing the ion of the in Elite avidin-biotin complex,

prepared in the same diluent as the previous step, sections (washed in PBS)
were immersed for an additional 2 hours. After the final washing, antibody

binding was visualized by reacting with 0.05% diaminobenzidine

y ide (DAB; Sigma) with 0.02% nickel ammonium
sulphate and 0.025% cobalt chioride for 10 minutes. Sections were then
immersed in the same solution with the addition of 0.01% hydrogen peroxide for
5 minutes. The reaction was terminated by incubating the tissue for 5 minutes in
three changes of PBS. Sections were then mounted onto gelatin coated slides
and air dried. Finally, sections were rinsed with distilled water, dehydrated in a

series of alcohols, cleared by xylene and i with Microkit

media.



2.4 AnaLysis

A program, Micro C: Imaging Device (MCID, M4

Imaging Inc., St.C i ON) was used for densitometry.
A video camera with a 123 mm lens extension captured images that were
digitized by the MCID program. The system was initially calibrated to the
International Standard Organization (ISO) density unit by a step scale (Eastman

Kodak Co., N.Y.)p from Imaging F The actual

optical density read by the computer at each of 20 steps in the scale was

compared to the pre-defined ISO density level at each step and adjusted

Following calibration, images of the hippocampus were captured,
digitized and stored in the computer for later analysis. This procedure ensured
that all images within a given set of animals were captured at the same time
under equivalent conditions. The minimum number of sections that contributed
to the data per animal was seven in the PND 2 male and female and the

maximum number was 16 in the PND 60 male and female. Sections analyzed

were evenly di: gl the extent of the dorsal
hippocampus. A box measuring 20 by 4 pixels, corresponding to 0.14 by 0.04
mm, placed over the cell layer defined the area for a given density reading (see
Figure 2.1). For each section, the density was determined by averaging three
separate readings taken across the mediolateral extent of the hippocampus. For
each animal, the density of a given anatomical area was determined by

averaging across all the sections.



Figure 2.1

Computer digitized video image of AR-ir in a coronal section of the
hippocampus from a PND 60 male illustrating the method used to
gather data for analysis. The average density of three sampled
areas of the DG was used to determine non-specific staining within
a cell layer and subtracted from the average density of three
sampled areas from either the CA1 or CA3 cell layer. The
partitioning of Ammon's horn into CA1, CA2 and CA3 is also

indicated and labeled as is the DG.







The areas analyzed included CA1, CA3 and the DG. The density of the
DG cell layer was used to generate a background density for each section for
the following reasons, (1) little or no AR staining was seen in the DG at any age
in the present study (2) the absence of staining in adult rat has also been
reported by others using the PG-21 antibody * as well as the AR52 antibody '**
and (3) AR mRNA is not detectable in adult rat DG '°. Thus, the density of the
DG cell layer was subtracted from the density obtained within the CA1 and CA3
cell layers. Statistical analysis of results was performed by a two-factor (age and
sex) ANOVA with five males and five females in each condition except PND 40,
which had four of each sex. PND 60 was not included in the analysis, as only
one male and female were processed. Post hoc analysis was subjected to the
Fisher test for least significant difference based on the more stringent non-

directional hypothesis (i.e., 2-tail test). The Fisher test was chosen because this

test requires the condition of a signil ibus F before i

thereby eliminati y i and there is no previous
data available on which to base specific planned comparisons. As well, results

from the Bonferroni protection test are cited to bracket possible trends.



CHAPTER 3: RESULTS

There were no differences found between the medial to lateral
measurements taken within each section (F2 sz = 0.136, p>0.30) nor were
differences apparent between rostral to caudal sections. Consequently, analysis

was as defined in the methods section above.

3.1 DG

As indicated in Figure 3.1, there is no apparent change in density in the
DG at any of the ages examined. Furthermore, using the DG granule cell layer
as a means of evaluating AR density of both the CA1 and CA3 hippocampal cell
layers is validated by statistical analysis. There is no effect of age (Fs. =1.44,
p>0.22) or sex (F.45 =0.001, p>0.97) in AR density staining within the DG
granule cell layer. Although there appears to be an increase in AR density at
PND 40 (see Figure 3.1), the variability at this age is such that the mean trend is
not significant (data ranging from 0.17 to 0.44 in the male and from 0.16 to 0.46
in the female). Indeed, this spurious effect in DG-AR density validates using this
cell layer as a background density control for each section as variability in ICC

across experiments could have obviated the AR density results.

3.2 CA1

As illustrated in Figure 3.2 and the photomicrographs in Figure 3.3, the

ontogeny of the AR staining in CA1 of the hippocampus shows an effect of age
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Figure 3.1

Ontogenic profile of the average AR density + SEM within the DG

area of the dorsal hi The unit of is the

integrated optical density (IOD) within a sampled area pre-

with the i Organization (ISO) step
scale as defined in the text. Data obtained from the entire rostral-
caudal extent. An ‘n’ of 5 contributed to the data for the earlier

ages with the 'n’ indicated above the bars for PND 40 and PND 60.
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Figure 3.2

Ontogenic profile of the average AR density + SEM within the
pyramidal cell layer of CA1 of the dorsal hippocampus. Data
obtained as indicated in Figure 3.1. Heavy solid arrows indicate
ages that AR density is significantly greater than ages indicated by
linked smaller dashed arrows. The asterisks at PND 40 indicates

significantly greater AR density relative to all other ages.
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Figure 3.3

(A)and (B). P of

grapl P ive sections showing
the CA1, CA3 and DG from male and female rats at each age
analyzed. The male is on the left and the female is on the right.
Age increases with each descending picture such that PND 2 is at
the top followed by PND 5, PND 7, PND 14, PND 25, PND 40 with

PND 60 at the bottom. All scale bars are 500 pym with different

used in mi y by the

orientation of the bar.









(Fis.s6) = 26.187, p< 0.0001) and sex (F;; «5 = 14.141, p< 0.0005) with a trend
toward a significant interaction (Fs .« = 2.270, p< 0.065). Post hoc analysis
reveals that the significant difference for age is mainly derived from the PND 40
and PND 7 age groups. At PND 7, the AR density is significantly greater than at
the earlier ages, PND 2 or PND 5 (p< 0.005) or at PND 25 (p< 0.0001) but it
does not differ from the PND 14 (p> 0.30) group. The inverted U shape indicates
that AR density levels increase between PND 5 and PND 14, possibly peaking
around PND 7, at which time they begin to decline to the lower density observed
at birth. Indeed, the density of labeling in PND 25 animals is lower than the level
at either of the two preceding ages, PND 7 (p<0.0001) and PND 14 (p< 0.0005),
with staining comparabile to the PND 2 (p> 0.15) age group. At puberty, AR
levels again increase and surpass earlier levels as AR density is greater at PND
40 than at any other age examined (p < 0.0001).

As indicated above, AR density in the hippocampal CA1 cell layer
averaged over ages PND 2 to PND 40, is greater in males (mean = 0.059 + sem
of 0.007) compared to females (mean = 0.044 + sem of 0.004). Although
statistical analysis of the interaction did not reach significance, the trend (p<

0.065) indicates that a cursory look is The i ion by

gender and age, analyzed by the Fisher least significant difference, suggests
that the sex difference is localized to the PND 7 (male: 0.0751, females: 0.0521;
p <0.025) and PND 40 (males: 1.1240, females: 0.0776; p < 0.0005) ages. No

significant differences between males and females occur in the other four age
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groups. However, analysis by the more stringent Bonferroni method (requiring a
p value < 0.008) indicates that the sex difference exists only at PND 40.
Consequently, it may be more accurate to suggest that males show greater AR
density staining than females at PND 40 with a trend at PND 7. Thus, the PND
40 and PND 7 age groups not only have greater AR density than other ages but,
compared to females, there is greater AR staining density in the male at PND 40
with a similar trend at PND 7.

Given the stringent level of probability necessitated by Bonferroni

p ion, a general iption of the i ion of the of the AR in
females compared to males will be by observation rather than by quantitative
evaluation. As shown in Figure 3.2, AR ontogeny in both sexes follows the same
pattern between PND 2 and PND 25, that of an inverted U. Thus, although the
trend of a sex difference is suggested at PND 7, this effect does not seem to be
due to a lack of increase in the female. The female appears to have greater AR
density at PND 7 than at any earlier age and comparable to PND 14. As
indicated above, by PND 40, a robust sex difference occurs with greater AR
density in the male (p< 0.0005). However, again, the greater AR density seen in
the male is not due to the lack of an increase in the female. Indeed, the AR
density staining observed in the female at PND 40 appears to be greater than
that observed at any earlier age. Although only one PND 60 male and female
were processed in the present experiment, it is of interest that the level of AR

staining in the male is comparable to the PND 40 male whereas the PND 60



female contains extremely low levels (see Figure 3.1). This result remains to be
verified by further experimentation, as it is possible that the stage of the estrous
cycle is a factor at PND 60.

The analysis presented above does not present the complete picture of
the presence of the AR within the hippocampus as there appears to be a
qualitative difference over time as well (see Figure 3.4). Although the sections

are too thick (40 ym) to do a itati ion of location of the

AR there appears to be little or no enhanced nuclear staining in the neonatal
hippocampus. The AR appears to be evenly dispersed throughout the cell. The
earliest age that nuclear density is clearly visible is in the PND 40 male and
female, at which time the density of nuclear AR is much stronger than the

P density of the ic AR.

3.3 CA3

A perusal of Figure 3.5 reveals that the pattern of the ontogeny of the AR
in CA3 is different from that in CA1 (compare with Figure 3.2). In CA3, ANOVA
reveals a significant effect of age (Fs.«s, = 14.06, p< 0.0001) but no gender
difference (F, 5, = 0.254, p> 0.60). Density at PND 7 is greater than at all other
ages examined (p < 0.05). Unlike the CA1 cell layer, however, by PND 14, the
AR density has receded from the high level found at PND 7 (p< 0.0001) and is
also significantly lower than the density in PND 2 (p< 0.02) and PND 5 (p< 0.03)

neonates. The downward trend of the AR appears to culminate at PND 25 when



Figure 3.4

(A) and (B) F i of ive sections showing
low and high magnification of the CA1 cell layer in the PND 7 and
PND 40 animal. The male is on the left and the female is on the
right. The PND 7 animals are represented in (A), the first four
photomicrographs (a-d) whereas the PND 40 animals are shown in
(B) the last four (e-h). Notice the lack of consistent AR nuclear
definition with low level density throughout the cell in the PND 7
male and female. At PND 40, nuclear definition may be visible in a
few neurons in the female but is clearly defined in significantly
more neurons in the male. The horizontal scale bar represents 500

um and the vertical bar is 50 pm.









Figure 3.5

Ontogenic profile of the average AR density = SEM within the CA3

area of the dorsal hi Data ined as indi in

Figure 3.1. Heavy solid arrows indicate ages that AR density is
significantly greater than ages indicated by the linked smaller
dashed arrow. The asterisk at PND 7 indicates significantly
greater, whereas the # at PND 40 indicates significantly less AR

density relative to all other ages.
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there is virtually an absence of AR staining as defined by subtracting the
density of the DG granule cell layer. This complete absence of AR staining is
reversed slightly at PND 40 at which time AR density does not differ from PND
14 levels (p> 0.60).

Several differences exist between CA3 and CA1. For example, in CA3,
there is a rapid decrease in AR staining between PND 7 and PND 14 and a
relative lack of AR staining at PND 25. Another difference is that following the
pubertal burst, the AR does not return to CA3 at PND 40 to the same degree that
it returns to CA1. A third striking difference is the lack of a sex difference in CA3
at any age examined up to and including PND 40. A sex difference may be

present in CA3 by PND 60 but these data are preliminary and inconclusive.

3.4 CONTROL SECTIONS

Several sections from every animal were processed either without
immersion in the PG-21 antibody or by including the competitive peptide (AR21)
in the incubation with PG-21. Under both conditions, immunostaining indicating
the presence of the AR was eliminated. However, sections incubated with the
non-competitive peptide (AR462) showed comparable immunostaining to
sections incubated with PG-21 alone. Although not all sections were analyzed,
samples from three PND 7, one PND 14 and one PND 40 males were subjected
to analysis with tissue from each animal incubated in both peptides for

comparison. AR density was significantly greater in sections incubated with



AR462 compared to AR21 (F(, 5 = 10.462, p<0.01). Examples of sections
exposed to these conditions are presented for the PND 7 and PND 40 male in

Figure 3.6.

3.5 DHTBATPND 7

The possibility that the non-liganded AR may have less affinity for the
antibody was investigated in two sets of male and female PND 7 rat pups by
pretreatment with DHTB as indicated in the methods section.

Figures 3.7, 3.8 and 3.9 demonstrate the results of treatment with DHTB
30 minutes before sacrifice in PND 7 animals. Both the individual results and the
average (showing the sem) are presented in Figure 3.7. Within CA1, analysis
reveals an effect of sex (F; 4 = 500.1, p<0.0001) and of DHTB treatment (F, o =
44.391, p<0.003) as well as a trend for an interaction (F(, ) = 7.148, p<0.06).
Post hoc analysis revealed that DHTB increases the AR density of the CA1 cell
layer in both males (control: 0.053, DHTB: 0.061; p <.005) and females (control:
0.0369, DHTB: 0.040; p < .030). However, the effect may be stronger in males
resulting in the observed trend for an interaction. The strong sex effect froma ‘'n
of 2' adds support to the sex effect at PND 7 indicated by a trend in the main
ontogeny experiment. Unlike the CA1 cell layer, no sex effect (F, 4 = 0.602,
p>0.48) or interaction (F; 4 = 0.026, p>0.88) was found in the CA3 cell layer of
DHTB-treated animals compared to untreated controls (see Figure 3.10).

Although DHTB was not effective in increasing AR density within the CA3 cell



Figure 3.6

F i of sections in the control studies from

males at PND 7 (a), (b) and at PND 40 (c), (d). Sections (a) and
(c) were incubated in AR462, the distant peptide and sections (b)

and (d) were p inAR21,a itive peptide. All scale

bars equal 500 ym.






Figure 3.7

Results ined within CA1

q with DHTB (20
mg/kg, ip) 30 minutes before perfusion in PND 7 animals. In group
‘1", the control M and F were littermates as were the DHTB-treated
animals but the control and DHTB-treated sets represent different
litters. In group ‘2, all four animals were littermates. The heavy
solid arrow indicates that AR density is significantly greater in

males to the females (indit with smaller dashed

arrow). The asterisks indicate significantly greater AR density in

the DHTB animals compared to their same sex controls.
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Figure 3.8 Ph icrograph of ive sections from PND 7 control
and DHTB-treated males and females. (a) Control male, (b) control
female, (c) DHTB-treated male, and (d) DHTB-treated female. The

scale barin (a) is 500 pm and apply to all.






Figure 3.9

F i of ive sections from PND 7 control

and DHTB-treated males and females at high magnification
showing the hippocampal CA1 cell layer. (a) Control male, (b)
control female, (c) DHTB-treated male, and (d) DHTB-treated

female. The scale bar in (a) is 50 pm and apply to all.






Figure 3.10 Results ined within CA3 with DHTB 30

minutes before sacrifice in PND 7 animals.
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layer at PND 7, a trend was apparent (F, 4, = 5.84 p <0.075). The trend
emerging from a 'n of 2' cannot be ignored and requires further investigation.

For i the data i from the DG is p in Figure

3.11. The density of this cell layer remains ively stable and is by
DHTB treatment in either males or females.
As far as could be ascertained, the cellular location of ARs within neurons

of Ammon's horn in both DHTB-treated and untreated animals is both

cytoplasmic and nuclear as indit in the i (see Figure
3.9). Thus, although AR density increases at PND 7 with DHTB treatment, the
result is not related to AR translocation to the nucleus as there is no obvious

increase in nuclear compared to cytoplasmic staining.

3.6 DHTBATPND 25

Figures 3.12, 3.13, and 3.14 illustrate the effect of DHTB treatment at
PND 25 in two males and two females from two different litters for a total of eight
animals. Both the individual results and the average (showing the sem) are
presented in Figure 3.12. The variability appears to be much greater at this age.

Thus, with an ‘n of 2' and no i trend from i analysis

may be neither informative nor useful. However, it may be useful to describe
results for each litter.
Within CA1, DHTB-treatment had opposite effects in the two males

examined with increased staining in one male and either no difference or
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Figure 3.1 Results ined within DG i with DHTB 30

minutes before sacrifice in PND 7 animals.



2=u g=u
Bay-ajewey Bay-ajepny

2, deway

1HQ e

90 :LaNd e g1lHa

[0 ) mum]

FOL'0

FS1°0

020

HY

(osi-aol) Ausuag



Figure 3.12 Results ined within CA1 ing treatr with DHTB 30

minutes before sacrifice in PND 25 animals. Two different litters

are represented and all four animals within a group are littermates.
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Figure 3.13 F i of ive sections from PND 25 control
and DHTB-treated males at high magnification showing the
hippocampal CA1 cell layer. (), (b) are from control males with the
DHTB-treated littermate represented in (c) and (d) respectively.
Data suggests an increase with DHTB-treatment in (c) relative to
(a) and either a decrease or no difference with DHTB-treatment in
(d) compared to (b). A Nissl-stained section from a PND 25 control

male is shown in (). The scale bar in (a) is 50 ym and apply to all.






Figure 3.14 F

graph of rep ive sections from PND 25 control
and DHTB-treated females at two different magnifications. (a), (b)
are from the control female, with (c), (d) from the DHTB-treated
female. The scale bar in (c) is 250 ym and applies to (a) whereas it

is 500 um i (b) and applies to (d).






decreased staining in the other relative to same litter controls (see Figure 3.13).
In the female, DHTB appears to decrease AR staining density in both litters
relative to their untreated controls (Figure 3.14)

Within the CA3 cell layer, both litters show a similar effect from DHTB
treatment with statistical analysis indicating a trend effect. Although AR density
appears greater in DHTB-treated males and females compared to untreated
littermates, this difference is not significant (F, ., = 5.04, p<0.10). It remains to
be determined whether a larger sample size would reveal a significant effect of
DHTB treatment in this area. The data for CA3 are presented in Figure 3.15.

Figure 3.16 includes the data obtained from the DG cell layer. At PND 25,
as at PND 7, the DG was not affected by DHTB treatment in either animal again
supporting the use of this area as a stable cell layer background against which
to compare AR densities in areas CA1 and CA3.

As indicated in the results for the ontogeny experiment and for the PND 7-
DHTB experiment, there is no obvious difference in nuciear compared to

cytoplasmic staining of either untreated or DHTB-treated animals.
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Figure 3.15 Results ined within CA3 i with DHTB 30

minutes before sacrifice in PND 25 animals.



AR-Density (I0D-ISO)

DHTB at PND 25: CA3-DG

1 Control
B2 DHTB

Male '1'

Male '2' Female'1' Female '2' Male-Avg Female-Avg
n=2 n=2



Figure 3.16 Results ined within DG with DHTE 30

minutes before sacrifice in PND 25 animals.



2=u 2=u
Bay-ejeway Bay-aepy

G1HQ B
104Uo) 1

2. 9lew

+S0'0

FoL'0

FSL'0

©0 ‘ST ANd e 91Ha

X1/

(ost-aol) Ausuag



CHAPTER 4: DISCUSSION

The present results provide the first description of the ontogeny of the AR
in the hippocampus of the rat. Within CA1, AR staining is present in both sexes
as early as PND 2, which is the earliest period examined. The density of AR
staining then rises to peak at PND 7, a time when there may be a sex difference
with greater density in the male. This peak is followed by a decline that reaches
low values at PND 25. By PND 40, the AR density has increased again in both
sexes but is approximately 1.6 times greater in the male compared to the female.
The profile within CA3 is similar to that in CA1 at both PND 2 and PND 5.
However, beginning at PND 7, several differences exist in AR staining between
these two cell layers. Between PND 7 and PND 14, there is a steep decline in
AR density within CA3 in both sexes. In contrast, within CA1 there is no

difference between PND 7 and PND 14 AR density in either males or females.

The rapid in AR density in CA3 PND 7 and PND 14
and the lack of staining at PND 25 suggests that the function of the AR in the
neonatal hippocampus is completed earlier in CA3 then in CA1

A second notable difference occurs at PND 40. Within CA3, although AR
density increases from PND 25 to PND 40, the increase only reaches levels
observed at PND 14. However, within CA1, AR density reaches the highest level
observed in the present study, with the male showing approximately 1.65 times

the value found at PND 7. A further difference in AR density is the development-
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related sex difference found in one cell layer of Ammon’s horn but not in the
other. Although no sex difference occurs at any age within CA3 in untreated
animals, the male has greater AR staining within CA1 at PND 40 and possibly at
PND 7.

4.1 Ce OF THE OF AR witH OTHER AREAS
WITHIN THE CNS

The ontogenic profile for the hippocampal AR contrasts with that
demonstrated in other brain areas using a nuclear exchange assay *. A nuclear

exchange assay only

( from the
cytoplasm to the nucleus). Given the results of the present experiment indicating
that DHTB treatment increases the AR density in PND 7 animals, suggesting
that the number of occupied receptors is related to density level, a comparison
of these two experiments appears reasonable. That is, the level of AR,
determined by nuclear exchange assay, and the AR density, determined in the
present experiment, might both relate to AR occupancy. In the Long-Evans
untreated rat, the AR has been examined from PND 2 to PND 10 in nuctear
exchange assays using *H-R1881 with results showing an area specific profile
. In the hypothalamus, amygdala, and septal areas, the nuclear AR binding
peaks at PND 4 whereas in the preoptic area, this early peak is seen at PND 6
%_However, all areas reveal a sharp decline by PND 10 such as that observed

in the preserit study at PND 25 for both CA1 and CA3.



Sex differences, with greater AR in the male compared to the female, are
age as well as area dependent . Although a sex difference is reported for the
septum at PND 4 only, the male has more AR binding in the hypothalamic area
at three ages, PND 2, 4, and 6 and the amygdala shows a sex difference at
every age examined up to PND 10 *. No sex differences are reported for the
preoptic area *. The sex difference reported here for CA1 at PND 7 in both

untreated and DHTB-treated animals is at a time co-incidental with that observed

in the hyp and the Horwever,'as indi inthe
animals, the neonatal sex difference is restricted to a shorter time period as
observed for the septum. Indeed, unlike the hypothalamic-preoptic area, AR
density in the hippocampal CA1 area appears very similar between males and
females at every neonatal age except PND 7, separating again during puberty
(at PND 40).

Thus, the comparison of the AR-ir density from the current study with the
nuclear presence of AR in all brain areas examined reveals a similar ontogenic
profile with a peak around the end of the first week *. However, such a similarity

is not found in a ison with ic ARs in

hypothalamic-preoptic cytosolic extracts. In such a preparation, AR

concentration appears to increase from PND 2 up to PND 21, the latest age

with no atany age '®.
The sex differences in the AR cited above for either the present study or

the nuclear exchange assay study may reflect sex differences in either blood



androgen level, AR level, or a ination of both. As indit in the

introduction, a sex difference in brain levels of ‘T" is present at PND 1-2 with
significantly higher levels in the male 2. Thus, if the level of serum ‘T" is the sole
determinant of the level of AR in the neonate, the sex difference should be
present from the earliest ages examined. However, a sex difference in AR-ir
staining does not occur at either PND 2 or PND 5 but appears to be specific for
PND 7. In the current study, the question of whether or not there is a sex
difference in AR level, not just a difference in AR occupation, was addressed by
injecting PND 7 males and females with DHTB 30 minutes before sacrifice at a
dose sufficient to ensure saturation of all ARs. As the data show, the sex
difference still exists at PND 7 in the DHTB treated animals, suggesting that the

AR staining density in CA1 is sexually dimorphic. However, regulation of AR-ir

staining within the i could still be upon the
presence of serum ‘T'. This ion may be in future i by
long-term with DHTB, an anti gen such as hy ide, or

by neonatal castration.

4.2 C OF THE C OF AR wmHER

In comparison to the ontogeny of the AR, the profile for the ontogeny of
the ER within the hippocampus differs in several aspects. /n vitro cytosolic

binding of *H-estradiol in tissue from Sprague-Dawley rats assessed the

of the hij ER™. gh the ER is now believed to be



nuclear bound, even in the absence of ligand '*"'®, the in vitro study '"' used

gonadectomized animals as a means of recycling the ER back to the cytoplasm.

The report of *H-E; binding in hi cytosols " suggests that
*H-E; is either binding to something other than the ER or that the ER is recycled
back to the cytoplasm, at least in the hippocampus of the neonate. In a different

study, the profile of hij ER mRNA was determined by

RNase protection assay with 2-5 animals of the same sex pooled for each RNA
sample "2 The lack of a sex difference in the RNase protection assay resulted
in the pooling of data for analysis ''2. While the ER '"' and ER mRNA ' are
present in the hippocampus as early as PND 2, the peak occurs at PND 5 '"'*2,

at least two days earlier than hippocampal AR and decreases again by PND 11

m m

. Whereas the hippocampal AR (present study) and ER "'’ exhibit low levels
before the onset of puberty, the AR increases dramatically in the early pubertal
and adult CA1 region of the male whereas the ER is reported to remain at low

levels in the adult "'

The finding of a low level of the hippocampal ER may only apply to the

classical ER-, as the newly discovered ER-B receptor is reported to have a

strong p within hij in the adult *. However, although
more cells within Ammon's horn contain ER-B mRNA than ER-o. mRNA, the
intensity of both signals is reportedly low '*” suggesting a limited presence of

both versions of the protein. As well, the geny of the newly di: ER-B

version has yet to be explored.



Unlike the hippocampal AR, the ER or ER mRNA within the hippocampus
does not differ between males and females at any age examined '*"''"%. A further
difference between the AR and the ER relates to location. In the adult, the ER is
located both within the CA1 cell layer, possibly within pyramidal neurons * and
polymorphic interneurons *, and in the interneurons of s. oriens, lucidum and
radiatum ®. However, the current results show that AR-ir staining is mainly in the
CA1 and CA3 cell layers where density of staining is similar during the first
postnatal week. At later ages, staining is much more prominent in CA1 than in
CA3.

In summary, several differences exist between the AR and the ER in the
hippocampus. In the neonate, the peak in AR density occurs two days later than
the peak observed for the ER. In the adult, AR density appears to be
significantly greater than that reported for the ER. As well, whereas the AR is
localized within the pyramidal cell layers of Ammon's horn, the ER is present in

both the pyramidal cell layer and in interneurons.

4.3 AR REGULATION BY SERUM T?

As discussed in the introduction, in the adult the AR appears to be

by the p of ci ing ‘T", with low levels decreasing and high
levels increasing and/or stabilizing this protein. However, current data suggests

that something other than the of serum ‘T is ing the neonatal




AR. A review of serum ‘T’ levels in the neonatal rat, up to the third postnatal
week may be helpful in the following discussion.

In the neonatal Sprague-Dawley and Wistar rat, serum ‘T' is relatively
stable from PND 2 up to PND 10 **"''® and also up to PND 19 7, While
serum ‘T' is also stable in the Holtzman rat from PND 5 to PND 10, in contrast, it
doubles from PND 10 up to PND 19, at which time it reverses and plummets to
extremely low values by PND 25 '®.

The question may now be asked; is the level of circulating androgen
related to the early presence of the AR within the CNS as determined by other
studies and in particular by the present experiment? The relative stability of
serum ‘T" from PND 2 up to PND 10 (or PND 19) would predict no effect of age
on AR density during this time and that any hippocampal area containing ARs
would show a similar profile. The current data do not support such conclusions.
Indeed, the ontogenic profile of CA1 indicates a significant increase in AR
density from PND 2 to PND 7 with no difference between PND 7 and PND 14.
However, within CA3, a different profile indicates a significant decrease from
PND 7 to PND 14. Thus, not only does the hippocampal AR-ir staining vary with
age whereas serum ‘T" is constant during the first two postnatal weeks, but
hippocampal AR density also varies with cell layer. Furthermore, although
neonatal serum ‘T" is stable in both males and females, all of the studies that
examined both sexes indicate much lower levels of plasma T and DHT in

females compared to males "% C, if cil
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alone define AR levels within the neonate, then the male should contain more
AR, not just at PND 7, but at every age examined. Current data again negate

this supposition with no sex differences at PND 2, 5, 14 or 25. The cytosolic

of the AR in i areas as defined by other studies also

bears examination. Using untreated neonatal animals, cytosolic receptor assays

from the hyp ic-preoptic area were with either *H-R1881 in
Long-Evans * or *H-DHT in the Sprague-Dawley '* rat and mouse “°. Resuits
reveal an increasing presence of the AR from PND 2 to PND 6 and PND 10.
Although such a profile would follow from decreasing levels of serum ‘T",
resulting in a shift of the AR from the nucleus to the cytoplasm, the level of
serum ‘T" is constant throughout this period. Thus, neither the increase in AR
density from PND 2 to PND 7 observed in the present study nor the increase in
cytoplasmic AR reported by others “>*'*® for the hypothalamus can be
accounted for by a change in serum ‘T".

The above discussion does not address whether serum ‘T plays any
contributing role in AR density up to PND 14, but strongly implies that it is not
the only contributor. Indeed, the present experiment provides support for the

of ci

ing in AR density as indicated by DHTB
treatment at PND 7. DHTB administered 30 minutes before sacrifice increases
AR density in both males and females compared to controls, but elicits a
stronger effect in males. However, the increased density in ARs detected under
ICC may result from a DHTB-elicited conformational change in the receptor,



rather than by auto-regulation. Thus, androgens as well as a currently unknown
factor may be involved in the ICC derived density of the AR for the first two to

three weeks of life.

1t of the possible i of plasma ‘T" with AR regulation
at PND 25 also requires a review of serum ‘T’ levels at this age. The observation
of extremely low values at PND 25 observed in the Holtzman rat extends to
every other strain examined. Sprague-Dawley males are reported to have
consistent levels of plasma ‘T" up to approximately 3 weeks after birth, when
values decline to the lowest levels observed at any time tested, increasing again
1-2 weeks later ', Although the fall is significant in males (p= < 0.005), a
similar drop in serum ‘T" observed in females is not *', possibly due to the
already low levels present in females. The decrease observed in serum ‘T' within
the third week of life in the Sprague-Dawley is of short duration, increasing
within five days from a low of 0.37 (PND 21-25) to 0.95 (PND 26-30) ng/mi
serum ”°. Maximum adult values occur from seven *' to nine ™ weeks after birth.
In the Wistar male, serum ‘T' appears to show a 7-day cycle between PND 12
and PND 25 with low values at PND 17 and PND 23 *. The Ivanovac and
Holtzman rat strains also show low levels of serum ‘T" at PND 25 *'®. Although
data is not available before PND 15 for the Ivanovac rat, low but stable levels of
plasma ‘T and DHT are reported between PND 15 and PND 25 *. Plasma
androgens begin to rise at PND 25 with DHT doubling and ‘T" increasing by a

factor of 5 to attain aduit values within 3 days *. As reported for the lvanovac



strain, plasma ‘T" in the Holtzman rat increases significantly from PND 25 to

double within 4 days '®.
Thei 1t of circulati gens with AR ion during the
fourth postnatal week may be by the co-inci of

values of serum ‘T" and decreasing values of AR density observed at PND 25 in
the present study. AR-ir density in both CA1 and CA3 is at its lowest level at this
time. Within CA3, the density at PND 25 is significantly lower than at any other

age examined whereas within CA1, it is comparable to that obtained at PND 2.

While DHTB at PND 7 indi that

hippocampal AR-ir density, the results of DHTB treatment at PND 25 suggests

that the i ion of cif

ing g and the AR may involve a complex

process. Thus, the i of circulati on hi AR

density in the untreated PND 25 animal remains to be resolved.
Regardless of whether or not serum ‘T" exerts a primary influence on the

presence of AR-ir in the ital hi i i do affect

AR-ir density as indicated in DHTB-treated animals. As well, as reviewed in the

introduction, serum ‘T" is reported to affect AR density in the adult, perhaps by

is and/or i ion of the AR. In both the neonate
and the adult, ci ling gens may be y to activate the AR,
whether nuclear or ic. However, ci gens in the neonate

may be equally important for stabilizing receptors located within the cytoplasm

where ion of i by would be




Although androgens increase the AR-ir density in the neonate, possibly

by changing the conformation of the protein, there is little or no difference in

nuclear tocy ic staining in the ages. In both
sexes, there is virtually no increased nuclear presence of the AR up to and
including PND 25. While a faint (nuclear type) outline may be observed in a few
scattered cells at PND 7 and 14, the thickness of the sections makes it virtually
impossible to define whether the outline is related to increased nuclear stain or
to the layering of cells. Thus, the AR in the neonate appears dispersed
throughout the cell. Indeed, there is no obvious difference in AR cellular location
whether the neonatal animal is DHTB-treated or not, suggesting that the
presence of androgen does not elicit a nuclear shift. By PND 40, nuclear stain is
visible and is much stronger relative to cytoplasmic stain in both sexes,
suggesting a shift in AR. The nuclear presence of the AR in the PND 40 female
may be short-lived as it is no longer present in the single PND 60 female
examined in the current study. However, the male of the same age shows strong
nuclear AR-ir density. In the neonate, the dispersed presence of the
hippocampal AR may indicate an involvement in both non-genomic events, such
as membrane activity, and nuclear-related genomic events. In the pubertal (and
adult) male, the AR is predominantly nuclear and may involve only genomic-

related events.

As i noted, the AR a i change upon

binding with its activating ligand. The change is thought to resultin a
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translocation from the cytoplasm to the cell nucleus. However, this does not

imply that all binding-induced changes in the AR protein are limited to, and

result in, ion. The lack of greater ‘nuclear’ AR-ir density in
the androgen-treated neonate may relate to a conformational change in the

receptor that does not result in a nuclear shift. However, such androgen-induced

activation of the AR may relate to g i ions within the

Indeed, in the present study, DHTB treatment at PND 7 does not appear to
evoke a conformational change in the AR protein resulting in translocation to the
cell nucleus. It cannot be argued that DHTB was ineffective as it increased AR
density in both males and females at PND 7. Thus, in the neonate, DHTB binds
to hippocampal ARs, thereby enhancing density as measured by the PG-21
antibody, but may not elicit the conformational change required for nuclear

translocation. Although it is possible that 30 minutes is not sufficient time for the

nuclear shift to occur in nuclear i ining is reported in adult

castrated rats within 15 minutes of DHT or ‘T™-treatment ™. It is therefore

possible that some other factor is i ing with the AR i change

that is associated with a nuclear shift. Thus, it would be of interest to determine

what possible i could be i by the ic AR in the

neonate.



4.4 CONFORMATIONAL CHANGE AND DHTB

Although it is not the intent of this ion to pursue the

of i ch in the AR, it must be noted that such

modifications may not only interfere with antibody binding. Indeed, current data
on the AR indicate that this receptor may be activated without the presence of its
activating ligand '®'”'. As reported by Weigel and Zhang ", steroid receptors,
including the ER, PR and AR, all exhibit ligand-independent activation under

appropriate conditions such as cell type, promoter and activator. Aithough the

mechanisms involved in the il ion of ligand-i ivation are still

being explored, several such i have been identified. Data from both

human prostate PC-3 cells and monkey kidney CV1 cells, indicate that the AR
can be activated by a protein kinase A activator, forskolin, in the absence of

androgen '®. In a review paper, Tsai & O'Malley '* indicate that phosphorylation

not only ligand: ivation of steroid ina
synergistic manner but induced phosphorylation can also activate receptors in
the absence of ligand '®. As well, both dopamine and growth factors, acting via

membrane receptors, activate steroid receptors as demonstrated for the human

ER and chicken PR '. F steroid ptors interact
with the immediate early genes, Fos or Jun, within the nucleus to initiate down-
regulation of the receptor '®. Itis therefore possible that at PND 25, the effect of
DHTB will vary depending on the current conformation of the AR at the time of

DHTB ication. Perhaps ylation via other signals (e.g., neurotrophic




factors such as brain-derived neurotrophic factor (BDNF) or neurotransmitters
that increase cyclic adenosine 3'.5'-phosphate (CAMP)) changes the
conformation of the AR so that it responds differently to DHTB.

Itis of interest that DHTB treatment at PND 25 resulted in mixed effects in
the CA1 area with a possible increase in one male and either no effect or a
possible decrease in AR staining density in the other male and both females.
DHTB treatment was administered to elicit an increase in AR-ir staining by
countering the possible influence of a conformational change on PG-21 antibody
staining and as such, either an increase or no effect was expected. The trend
toward an increase in CA3 of the DHTB-treated males and females is consistent
with the conformational change of the unoccupied AR reducing antibody binding
that is reversed by the presence of the AR ligand. Likewise, the increase in AR-
CAT1 density in one of the DHTB-treated males (called the first male for clarity) at
PND 25 agrees with the change in AR conformation. However, the lack of an
effect or possible decrease in AR-CA1 density observed in the other (second)
male and both females following DHTB-treatment suggests that the presence of
the AR ligand evokes a conformational change that may limit (rather than
enhance) antibody binding. The first male may already have been experiencing

a pubertal-related increase in serum ‘T levels. If the pubertal-induced increase

in serum ‘T" initiates up- ion of hij ARs, then the of
exogenous DHTB could ensure occupation of all AR proteins, especially if the

amount of endogenous ‘T" is not sufficient to bind all ARs. Alternatively, the AR




may be up-regulated at this time in the first male, by a signal independent of
serum ‘T" in advance of the pubertal surge, resulting in a DHTB-treated increase
in enhanced density.

The data from CA3 appear to conflict with the suggestion of a difference
between the males with respect to the presence or absence of an endogenous
signal regulating the level of ARs within CA1. Both PND 25 males show
increases under DHTB treatment. However, these two cell layers could be
responding differently as indicated by AR-ir density observed at PND 40. At PND
40, the CA3-AR-ir density values remain low compared to the early neonatal
ages whereas, within CA1, AR density reaches maximum values. Within CA3,
the pubertal burst of “T" does not elicit the increase observed within CA1 and
again, the AR-ir density does not differ between males and females at any age
examined. The CA1 cell layer may be more sensitive to AR activity and more
susceptible to AR regulation at the PND 25 prepubertal stage. A further
indication of the significance of this stage as being a sensitive period for CA1-
AR activity comes from the data obtained from the DHTB-treated PND 7 animals.

DHTB treatment at PND 7 results in an AR-density increase in the CA1
region of both sexes with a trend in CA3. Thus, the data from PND 7 supports
the suggestion that the decreased density in the CA1 cell layer produced by
DHTB in the PND 25 male and both females is age-related and unique to this

period of development. Again, the strong effect of DHTB treatment within the



CA1 area at PND 7 indicates that this area is sensitive to the presence of the AR
ligand and responds to changes in ‘T’ levels.

Studies cited earlier may now be addressed in light of the current data.
The presence of weakly labeled neurons in CA1 and CA2 in the PND 24
Holtzman female 90 minutes following an injection (sc) of *H-T" ' is in
agreement with our data reporting low AR levels at PND 25. As well,
autoradiograms from PND 26 Holtzman males, examined one hour following an
injection (iv) of *H-DHT reveals the presence of nuclear AR in hippocampal CA1

and CA2 pyramidal neurons four days after combined castration and

- gh the gen label is reportedly weaker in the
hippocampus than in other brain areas, it is stronger in CA1 and CA2 relative to
CA3 ¥ as found with AR-ir in the present study. Further interpretation of the

autoradiographic data is limited by the lack of controls for

'3 However, in the adult, castration induces AR down-regulation/degradation
and AR mRNA levels decrease in the hippocampus of the short-term (four days)

male castrate . Indeed, the autoradiographic data suggests that castration was

ffective in ing the label in the young aduit as the distribution of
the *H-DHT was reported to be similar between the PND 26 and PND 60

castrates '¥". This contrasts with data in the current study using intact animals,

wherein the greatest difference ob: in AR-ir occurs PND 25 and
PND 60, with the lowest density at PND 25. If regulation of the neonatal and

adult ARs is similar, then castration at PND 22 should significantly reduce the



nuclear label by PND 26. Given the low density of AR-ir present at PND 25 in
the intact animal, it is surprising that any detectable nuclear *H-DHT was
observed in the short-term castrate of a similar age > The lack of information
about the AR and AR mRNA at neonatal and prepubertal ages makes it difficult
to hypothesize about possible differences in the regulation of neonatal and adult
AR. However, it is tempting to suggest that other factors control the regulation of
the neonatal AR. One such factor could relate to the completed maturation of the
CA1 hippocampal area.

Until the hi

AR is further itis not known whether the

neonatal and the adult presence of this receptor protein provide similar or
different functions. It can be postulated that they provide different functions, with
the apparent down-regulation observed at PND 25 signaling the end of the early
period in both males and females. It is also not known at this time if the down-
regulation of the AR occurring between PND 14 and PND 25 is due to
autoregulation or other factors as suggested above. The function of the AR in
the adult appears to be more restricted to the male as the AR may not return to
the female hippocampus as observed by ICC in the single female examined at
PND 60. However, as mentioned earlier, AR-ir, defined with a different antibody

(PA1-110), is present in the hij of the intact, male and

female rat at six months of age *. Sex differences were not reported *. As well,
Simerly et al. '* have demonstrated the presence of AR mRNA in CA1 of adult

females.
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One factor that must be considered in determining the AR-ir density within
the adult female in the present study is that the antibody used in the present
experiment may be more sensitive to the occupied, rather than the unoccupied,
receptor. Such an effect has been demonstrated in the brain of the adult hamster
77 opossum * and rat *, using the same antibody. The enhancement appears
to be related to nuclear staining density “***'””, which is restored by ‘T-treatment
of castrates. However, PG-21 is also capable of detecting cytoplasmic stain in
the absence of androgen in the castrated adult “*'””. Thus, this antibody can
detect the unoccupied AR. Cytoplasmic staining of the AR using PG-21 appears
to be dependent upon the length of time tissue is exposed to nickel-cobalt
enhanced DAB "', with 60 minutes giving maximum effect. However, the
present study only used a total of 15 minutes in order to control background
staining. Thus, although the current study clearly identifies AR density in the

neonate, the level of AR present in the may be i at

each age and as such, may be especially applicable to the adult female. This
issue relates to the PND 7 DHTB-treated animals, which show increased density
when injected 30 minutes before perfusion. Alternatively, the difference in
sensitivity of the PG-21 antibody to the occupied, versus the unoccupied,
receptor in the adult could be due to a difference between the neonatal and
adult AR. Thus, one could speculate about different ‘isoforms’ of the AR

produced in neonatal versus aduit brains, with the antibody, PG-21, binding




fairly well, but not maximally, to the unoccupied AR receptor in neonates, but not
in adults.
4.5 PossiBLE FUNCTIONS OF THE AR WITHIN THE HIPPOCAMPUS

Within the hippocampus, possible functions related to the AR of the adult

male include a role in the ion of i i CAMP.

of hij slices with hi ine to induce CAMP formation

reveals significant lower levels in adult castrated males compared to sham
operated controls ¥, This is a sex-related effect as the opposite result occurs in
females. OVX females show significantly higher levels of histamine-stimulated
CAMP in hippocampal slices compared to OVX females treated with E; plus
progesterone either 48 h or 24 h before sacrifice *. Thus, activity at the ER in
the E plus progesterone treated female or a lack of activity at the AR of the
castrated male both achieve a similar effect; a decrease in histamine-stimulated
CAMP, at least in hippocampal slices **.

Activity at the AR in the hippocampus of the adult male modulates c-fos
mRNA levels ™. c-Fos mRNA induction in the hippocampus is related to
exposure to a novel environment, as c-fos mMRNA is not observed in animals

sacrificed without, or at greater than two hour interv. ing, such

™. Although not all immediate early genes' are affected by AR activity,
gonadectomy of Fisher 344 male rats results in increased hippocampal levels of

c-fos mRNA compared to intact controls following 20 minutes of open field



activity ™*. The effect is offset by the implantation of a Silastic capsule of DHT

following ™. Itis possible that c-fos MRNA increases
in the gonadectomized compared to the intact animal, in response to inactivity at
the AR. Thus, in the adult male, hippocampal AR activity is related to processes
that may be linked to learning by limiting, thereby controlling the amount of c-fos
mRNA induction following novel experience.

c-Fos was also

Xp by ICCinthe p tal Sprague-Dawley male
rat. Exposure of PND 16 or PND 23 males to a novel environment for 1 h before
sacrifice has no effect on the level of CA1 hippocampal c-fos-ir ™. However,
exposure of PND 30 males to a novel environment increases c-fos-ir in the CA1
compared to controls . Furthermore, the effect is not seen in the DG or in CA3
' Whereas the involvement of other aspects of hippocampal maturation cannot
be ruled out in the effect of exposure to a novel environment on c-fos-ir, the
earlier discussion (see last section) indicating the involvement of c-fos in steroid
receptor down-regulation '® suggests a possible juvenile role for c-fos that is not
related to learning and therefore not modified by exposure to a novel
environment.

As well as the effect of age on novel exposure, Waters et al. '™ cites
various references reporting similar age-related resuits for tasks involving
spontaneous alteration, spatial learning, conditioning to contextual cues and
working memory in which behavior impairment is observed until the 4™ week of

life. Electrophysiological data also suggests a difference in hippocampal



response between the age of PND 16 and 30 '°. Long-term potentiation (LTP),
the phenomenon reported to underlie the hippocampal involvement in memory
formation, was induced by high-frequency stimulation (two 1 sec bursts of 100
Hz; separated by 10 sec) in hippocampal slices from both Sprague-Dawley
control males and males exposed to a novel environment '”°. At both PND 16
and PND 23, there is no difference between the treated and control males in the

LTP-induced slope of the ion spike ial (EPSP).

However, the EPSP slope is decreased in the PND 30 males exposed to the
novel environment compared to controls. The effect is not related to the ability to
induce hippocampal CA1-LTP, as adult-like LTP is present in the control animals
at the earliest age tested (PND 16) '”°. Thus, the plasticity is functional but does
not respond to the environment before PND 30 '”°. The decreased slope of the
EPSP to LTP-stimulation at PND 30 is suggested to resuit from the prior
activation of CA1 by the novel environment '”°. The lack of any effect on the
EPSP slope earlier than PND 30 suggests that such novel exposure does not
elicit a similar response in the juvenile CA1. The hippocampus of the juvenile rat
is ‘not ready’ to process such information, possibly because ‘other events’ still
demand priority. For example, perhaps it would be detrimental for a neonatal or
juvenile animal to ‘learn’ that its ‘food’ is associated with a given site rather than
with its mother, who will undoubtedly change location over time. Whatever
mechanism is associated with such a functional effect in the juvenile must be

similar in both males and females. This criterion is met by the neonatal presence
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of the AR in both sexes, albeit there appears to be a slight dominance in favor of

the male. Of course, there is no evi to support the i of

the AR in this function and it is realized that any other aspect of the juvenile
hippocampus that is not sexually dimorphic may be involved, either exclusive of,
or in synergy with, the AR. Consequently, whether the AR is associated with the
‘inhibition’ of these learning paradigms remains to be determined. However, itis
of interest that serum ‘T" levels in the Sprague-Dawley rise from 0.37 ng/ml
recorded for the period between PND 21-25 up to 0.97 ng/ml observed by PND
26-30 ™, an increase of approximately 250%. Thus, increased AR production
and activation in males at puberty could be a factor in producing the dramatic
functional changes that occur in the hippocampus at this time.

A similar argument may be made for the monkey. As cited in the
introduction, AR activation appears to be involved in visual discrimination
learning in the anterior inferior temporal cortex with the immature female
outperforming the immature male monkey . The sex difference disappears with
maturation. Thus, in the monkey, activity at the juvenile AR appears to be related
to delaying a particular form of ‘learning’. The interpretation of the sex difference
in the monkey is suggested to involve an androgenic effect on maturation of the
inferior temporal cortex, possibly by influencing neural connectivity. It is also

possible that the AR is ible for

pressing’ learning until ion is

thereby p ing critical ions before any learning-induced

weighting occurs. It is of particular interest that the temporal lobe also contains



the entorhinal cortex, the major input, via the subiculum, into the hippocampal tri-
synaptic circuit involving the DG and Ammon'’s horn 2. As well, hippocampal
CA1 outputs return back to the entorhinal cortex '®. Although it is not known
whether a sex difference exists in the ontogeny of the AR in the hippocampus of
the monkey, such a difference is inferred in this discussion and could be verified
by experimentation.

The AR may also be i in the p: ion of hij cell

death given that ‘T" has been shown to prevent cell death in the sexually
dimorphic spinal nucleus of the bulbocavernosus (SNB) '"°. The motoneurons of
the SNB and their target muscles, the bulbocavernosus and levator ani that
attach to the penis, play a role in maie copulatory behavior. Perinatal females
treated with ‘T" from embryonic day 16 through PND 5, examined from embryonic
day 18 through PND 10, do not differ from control males in the number of SNB
motorneurons ''°. However, the ‘T'-treated females have significantly more
neurons than control females '*°. As indicated by Freeman et al. **, the presence

of the Tfm mutation limits binding of ‘T" to the AR by 85-90% and results in

feminization of the SNB system. isingly, as revi by 7, the

prevention of cell death in SNB is y to the Qe
related prevention of atrophy of the bulbocavernosus and levator ani muscles.
However, the effect on the SNB is related, either directly or indirectly, to the AR

(rather than the ER) as the male pattern occurs in ‘T™-treated neonatal females



and the female pattern occurs when binding is

blocked 7.

As well as a possible function in the prevention of cell death, the AR could
play an active role in connectivity with target sites. The effect of activity at the
AR was investigated in vitro using rat pheochromocytoma cells that were
transfected with cDNA’s for either the human ER (hER) or AR (hAR) *. In the
presence of NGF, both hER and hAR cells exhibit induced neurite outgrowth.
The addition of E; to hER cells in the presence of NGF increases the length of

the neurite, increases neuritic spine ion and il itic cor ions .

Although the addition of DHT to hAR cells with NGF does not increase the

length of neurite growth, it does promote increases in neurite outgrowth,

primarily by i i ing and ization ®. Thus, activation of the

AR could be i in providing a ‘larger target area’ to ‘capture’
incoming connections in general, with the ER functioning to increase specific

synaptic i by sti ing spine ion. It is of interest that the ER

8083.172

is rep! ly located in hij i in adults and in the
hippocampus of the neonate ''°. The demonstrated presence of the AR in the
neonatal hippocampus may indicate a function in maturation by providing an
‘enhanced’ target area for potential afferents.

The presence of the hippocampal AR in the neonate from birth to a time
greater than PND 14 suggests that any related function occurs over an extended

period. The AR is present during the extended birth of the DG granule cells,



which show 50% formation by PND 5 with a further 5-10% still to differentiate as
late as PND 18 *'"2. The DG mossy fiber axons presumably extend toward the
CA3 pyramidal cells shortly after neuronal birth, with the peak of axonal
projection possibly coinciding with the AR density peak observed in both CA3
and CA1 at PND 7. In fact, DG mossy fiber density is reported to increase 5-fold
from PND 3 (1.1 pm) to PND 9 (5.7 pm) %, with only a 2-fold increase observed
between PND 9 and PND 77 °. The 5-fold increase in DG mossy fiber density
occurs during the period of maximum AR density in CA3 (at PND 7).

Following the DG-CA3 connection, the CA3 Schaffer collaterals project
toward CA1 pyramidal cells to form synapses onto the basal and apical
dendrites. As reported above for the AR and the DG mossy fibers, a similar
correlation exists between the AR and the CA1 synaptic area. Within CA1, the
length of the apical dendritic shaft increases 50% and the total length of the
lateral branches increases 3-fold from PND 5 to PND 10 (cited in Zimmer and

Haug '¥"). Furthermore, Timm silver sulphide stain indicates that the CA1 s.

diatum fibers i up to PND 8, then rapidly between PND 8-12
'®”_This is a period when AR density is decreasing in CA3 but remains at a high
level in CA1.

Although it would be for the AR target area to

be induced prior to the arrival of incoming afferents, it would not be necessary to
maintain the AR protein nor the stimulation of neurite outgrowth once

synaptogenesis has occurred. Thus, if the AR is involved in organizing the



hippocampal tri-synaptic circuit between the DG, CA3 and CA1, it would be

that the AR i would near ion in CA3 prior to
completion within CA1. Using the previous logic, it would also follow that AR
density would decrease earlier in the CA3 area relative to CA1. This
corresponds to the finding reported here wherein AR density begins a significant
decline in the CA3 area between PND 7 and PND 14, a period when the AR
density within CA1 does not differ from the peak observed at PND 7.

The AR may also play an indirect role in promoting hippocampal

and is by it

earlier). Although activity * and mRNA ™ appear to be

relatively low in the hippocampus of the neonate, its presence has been
documented. Indeed, the presence of the ER itself within Ammon's homn is

reportedly low %72, Whether this ion will change

P i with the
discovery of a new version of the ER is still to be determined. Although both the
«- and newly discovered - version of the ER mRNA is dispersed throughout the
dorsal to ventral extent of the hippocampus, the intensity of the signal is
reportedly low ' and data on the level of the ER-B within most of the
hippocampus is still lacking. However, activity at the neonatal AR may be
functional in ensuring that ER activity is maximized by increasing the
aromatization of ‘T to E;, thereby providing a steady supply of ER ligand.
Whereas the AR may be related to sexual behavior by ‘organizing’

systems later ‘activated’ by gonadal hormones, this view of the function of the



AR is too narrow. Indeed, as indicated above, there are many possible functions

for the neonatal AR within the hij suchasa ifying role in second
messenger (CAMP) * and immediate early gene (c-fos) " responses. Such a
role could provide the mechanism whereby AR activity induces an increase in
neurite outgrowth * and prevents hippocampal cell death as demonstrated by
the influence of target areas on the motoneurons of the SNB '"'"°. In addition,
the hippocampal AR may be involved in ‘organizing’ (as indicated in the monkey
®) and ‘activating’ circuitry that is involved in certain types of learning. As well,

the AR could be functional in delaying the onset of hippocampal-related learning

until ion is as by the lack of a learning-induced
effect on the slope of the hippocampal EPSP in young rats '. Thus,
electrophysiological data from the rat '™ and impairment on learning-related
tasks in the rat (cited by Waters et al. '”°) and monkey ® give credence to an
early function for the AR that has higher priority in the survival of the animal than
hippocampal-related types of learning. Such a function for the AR, as already

postulated, could involve maturation and synaptogenesis.

ing possible ions of the AR in the
hippocampus have not yet been fully explored except as noted above. It is
possible that sex differences in the adult relate to the early presence of the
hippocampal AR. However, it is also possible, given the presence of the
neonatal AR in both sexes, that the function is not solely related to sex

differences in the adult, but to the survival and synaptogenesis of information
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processing systems in both sexes. The pursuit of possible functions of the AR in
non-sexual behavior has just begun.

Ignoring the neonatal presence of this gonadal hormone receptor within

the hippocampus is to refuse to the ofa

that has apparently been selected for and that may ultimately provide further
insight into the magic of the central nervous system. We cannot simply allocate
this receptor protein to a single, albeit, major purpose, that of copulatory

behavior. Nature is far too frugal!
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