l

-

~w

Bibliothéque nationale
du Canada

National Library
of Canada {

Canadian Theses Service

ITS

Ottawa,\Canada  ~ -
KIA ON&_. - '

-

CANADIAN THESES

NOTICE
The quality of this microfiche is heavily dependent upon the -

quality of the original thesis submitted for microfiiming. Every -

effort has been made to ensure the highest quality of reproduc- ;

. tion possible. I"
If pages are missing, contact the university which granted the /
degree.

Some pages may have indistinct print especially if the original
pages wefe typed with a poor typewriter ribbon or if the univer-,
sity sent us an inferior photocopy. \

~

A

Previously copyrighted materiéls (journal articles, published
tests, 8tc.) are not filmed.

“

Reproduction in full or in part of this film is governed by the
Canadian Copyright Act, R.S.C. 1970, ¢. C-30. ]

. THIS BISSERTATION
HAS BEEN MICROFILMED
EXACTLY AS RECEIVED

. NL-33%{r.08/08)

Services des théses canadiennes

~

THESES CANADIENNES
™~

. 1. )
’ AVIS ' N

- AN
La qualité de cetle microfiche dépend grandemerit de la qualité
de la thése soumise au microfiimage. Nous avons tout fail pour
assurer une qualité supérieure de reproduction

S'il manque .des pages, veuillez communiquer avec I'univer-
sité qui a conléré le grade.

La qualité d'impression de certaines pages:hisser .a
désirer, surtout si les pages originales ont été dactylographiées
a l'alde d'un ruban usé ou si I'université nous a fait parvenir

. une photocople de qualité inférieure.

Les docurments qui font déja I'objet d'un droit d'auteur (articles
de revue, examens publiés, elc.) ne sont pas microfiimés.

La reproduction, méme partielle, de ce microfilm est soumise
a la Loi canadienne sur le droit d'auteur, SRC 1970, ¢ C-30.

LA THESE A ETE
MICROFILMEE TELLE QUE
. NOUS L'AVONS RECUE

Q@



’ A’
P . .
' ‘1‘( ‘ ~
{ . q . :
The Neurgendocripe Response to Stress
. . in the Developing Rat Pup
- r " * \,
—_— \ / ’ R
AN -
[} \\\
n - i \‘\\
‘ Linda Joy Iny ~
. . i
' N ? /// / | . .
A Thesis | .
™ '\\ in '
‘ . The Department
TN N
. . of
Psychology )
\ - .
' - \
« . . . 4 .
. N Ny
Presented in Partial Fulfiliment of the Requirements
. for the Degree of Master of Arts at
N Concordia University =
- Montréal, Québec, Canada
~ L7 W . 4 ,
- ) N . 2
‘ ’ February 1987 E .
. N / ‘-
- _ ‘ \ v -
AR 1
- . ) ©. Linda Joy Iny, 1987
* , ” ‘




P S

Permission has been granted
to the National Library of
Canada to micfofilm this
thesis and to lend or sell
copies of the film.

¥

The author (copyright owner),
other

has reserved
publication rights, and
neither the thesis nor
extensive extracts from it
may be printed or otherwise
reproduced without his/her
written perﬁission.

-
)

v

7

L'autorisation a é&té acdordée
4 la Bibliothéque nationale
du Canada de microfilmer
cette thése et de préter ou
de vendre des exemplaires du

© film.

'y - .
L'auteur (titulaire du droit

d'auteur) se réserve les
autres droits de publication;

ni Jla thése ni de longs
extraits de celle-ci ne
doivent é&tre imprimés ou

autrement reproduits sans son
autorisation écrite.

ISBN 0-315-3557g-¢ \ .



’ ABSTRACT

The .Neuroendocrine Response to Stress
in the Developing Rat Pup

Linda Joy Iny
This study was designed to examine the effects of stress on the
activity of brain monoamines, as well as,onppituitary and adrenal
hormones, in rats of various ages. Sigh1f1cant‘1ncrﬁgses fo plasma .
B—endorSkin-\tke immunqreactivity (B—EPLfR)\ugrg dﬁ;;rved'following
exposure to ether-stress in pups 3, }. 14, 21, and 35 days
old. Moreover, Day 7 pups had higher basal levels of plasma B-EPLIR than
. adult animals. In contrast, no alteration'in the plasma concentration of
a-MSH was detected in Day Z pups that were exposed to ether-stress, nor
in plasma corticosterone levels following exposure to handling or ether
* vapours unti} B;y 14. This 1atte; find;ng is consistent with several
;revious reports. on the absence oi/adrenocorticotropic and corticoid
responses during stresi in the ne;nate. The results suggest that the
-release of adrenocorticotropin, B-endorphin, and a-MSH in response to
stress differ in the developing animq1. Exposure to ether vapours was
also found to increase the concentration of dopamine in the hypothalamus
of animals 21 days and older, but not at the earlier periods. ‘
The findings of the p;;sent study indicate that the concentrations
of°ﬁept1des and monoamines in the neonate, undér both basal and stress
conditions, are d1fferent from those observed 1n)the adult, and that
there is considerablesvariation in the maturation of ghé%e neuroendocr ine

responses to stress. These maturational variations may be understood in

terms of the needs of the growing organism.
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. ' The Neuroendocrine Response to Stress
in the Developing Rat Pup

o ~ The fesponse to stress constitutes a basic adaptive mechanism in
mammals. (In response to stress, the hypotha1an1c-ﬁ1tuitary-adrenal
.(H-P-A) Ax1§ is activated, leading to, among other things, Jncreased
‘vigilance, elévated glucose productién. and increased basal Qnd

’,//{"—T-----~;;§;;;;:::;~;etabo11c rates.” Elevatiéns In heart rate and'blood

pressure also occur, and blood flow s increased, especial\y to organs
.that are morg'physiolog1ca11y active. .
f; tre hdu1t.'such changes are central to the capacity to deal with
both physical and psychological gtressofs. and are th;s essential for the
+ maintenance and survival of the organism. Bec;use. however, these
changes often involve catabolic and energy-requiring processes, they
could interfere with the anabolic processes of growth and development.
It has been of great 1nterestf therefore, to find that the human and
-~ rodent neonate shows an attentuated H-P-A response compared to thé older
infant or adult (Mi\kovic‘;nd Milkovic. 1969: Schapiro, 1962).

. Little is known, however, about the effect of stress on the gentral
nervous system (E§§5 -per se, a fact that is somewhat surprising in view
of the vast literature on the effect of early experientes, such as
handiing and maternal separation, on tﬁe behavioral functioning of the
organism in later life. In adults, éhe cutecﬁolamine and indoleamine

; sysiems'are known to be very responsive to stressors, and thergyhas Been
considerable speculation that the long-term effects of early sgress could

be mediated by fhesg systems. ‘It seemed, therefore, that a close .

examination of the effects 5f stressors on ‘these systems and a comparison

of the effects of stress on the pituitary, system could‘brovide important

l 5]



informat fon about early vulnerability of the developing ‘CNS. ’

"The experiment to be reported in this thesis addresses these issues.
[+

" In the following sections, the response of certain CNS, pituitary, and

~

adrenal systems to stressors will be reviewed. oo .o
al

Anterior Pituitary

Corticotropin releasing factor (CRF), released by the medial basal

hypothalamus, stimulates the processing of pro-opiomelanocortin‘(POMC) in .

corticotrophic cells in thé anterior pituitery. Pro—opibmelanocortin‘is

. the parent molecule for the 39 amino acid peptide adrenocorticotropin

L}

(ACTH) , -the 91 amino acid peptide B-lipotropin (B-LPH), amd B-endorphin

~(B-END) -(1-31), the 61-91 C-terminal sequence of B-LPH (see Figure 1;

quom. Batienberg. Rossier, Ling, Leppaluoto, Vargo, and Guillemin, 1977;
Eipper.end Mains, 1981; Guillemin, Vargo, Rossier, Minick, Ling, Rivier,
Va\e and B\oom. 1977; Mains and Eipper, 1981; Pelletier, Leclerc,

Labrie, Coté Chretien, and Lis, 1977 Smythe and Zakarian, 1980;. Voight,
Heber. Fehm and Hartin. 1984 Hebér Martin, and Voight, 1979). In -

response to stress, secretion of CRF from the hypothalamus is increased,

which in turn stimulates the processing of POMC, and the subsequent

release of ACTH, B-END and B-LPH. This 1s reflected by an increase in
the. plasna concentration’of POMC - derived peptides, and an initial
decrease fol\owed by an 1ncrease. in the concentration of the peptides
in the pituitary (Johnston, Spinedi, and Negro-Vilar, 1985; Kartesi,
PaIkovits. Kiss. Kanyicska, Fekete, and Stark, 1981 Lim and Funder,

1983; Mug)ler. 1981 Seggfe and ‘Brown, 1975) e
+ “2 x i
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de Souza and Van Loon (1985) examined\tﬁe effect of a discFete,

2-minute-restraint stress on the release of pituitary .peptides in adult

_ rats. They foundipgrallel increases in plasma concentrations'of ACTH and

B-END/B-LPH 2.5 - 5 minutes after the onset of the stress. Plasma

concentrat fons of ,these peptides returned to basal levels by about 30

*minutes (sge Figure 2). Guillemin et al. (1977) reported similar

elevations in these peptides following.stress induced by tibia-fibula
breakage. Furthermore, de Souza and Van Loon (1985) found that

adrenalectomized rats, lacking glucocorticoid neg&tive feedback, had

.‘-signiffcahtly higher basal concentrations of ACTH and B-END/B-LPH than

intact rats.\‘The adrenalectomized animals also secreted increased levels
of ﬁhe peptides in response to stress, suggesting that-glucocorticoids
exert & tonic, inhibitory effect on POMC-derived peptides.

In the anterior pituitary, POMC biosynthesis is regulated by
y

~glucocorticoids (Guillemin et al., 1977). Administration of

glucocorticoids produces a dramatic reduction in the rate of POMC gene

transc}iption that is apparent within 15~n1nutgs of treatment (Eberwine

and Roberts, 1984). Peptides derived from POMC in the anterior lobe have
been reported'to be under the influence of the same factors jGGVbﬁi.
Pasinetti, Inzoli, Rozzini, and Trabucchi, 1984; Guillemin et al., 1977
Hollt, Przewlocki, and Herz, 1978). Thus, ACTH, B-END and B-LPH are ~
stimulated by CRF and inhibited by glucocorticoids acting both directly
on the pituitary and indirectly via {nhibition of CRF production
(Keller-Wood and Daliman, 1984; Plotsky, 1985; Rosa, Policastro.-and
Herbert, 1980; vale, Rivier, Yang, Minick, and Guillemin, 1978; Vale,
Speiss, Rivier, and Rivier, 1981; Vermes, Mulder, Smelik, and Tilders,

i - ~
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flgure 2. Compprison of the time course of plasma ACTH and B-END/B-LPH

responses to'a 2-minute restraint stress, (Based on the éésu]is of de

Souza and Van Loon, 1985.)
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1986). _
_The primarj role of ACTH is to stimuIdtg the adrenal cortex to
secrete glucocortictids, thereby serving to enhance the capacity of the
organism to cope with stressors. The .involvement of B-END in systems
that regulate the body's response to stress is extensive; the autonomic
nervous system has been shown to contain both endorphin-containing
terminals (Schultzberg, Hokfelt, Lundberg, Terenius, E]firmﬁfqnd t 1de,
1978) and opioid receptors (Young, Wamsley, Zarbin, and Kuhar, 1§80). and
ceﬁtral nuclef invqtved’in the rtgulation of autonomic function, such as

the nucleus of the so]}tary tract,,@re rich with opioids and their

‘feceptors (Akil, Watson, Young, Lewis, Khachaturian, and/Ha]ken*71984).

Endogenous opiates released during stress may attenuate stress-induced
norepinephrine 1NE) release (Tanaka, Kohno, Tsuda, NakagAwa lda, Iimori,

Hoak1, and Nagasaki, 1983), thus providing a form of relief from stress

'for the aqima1.

¢ In the mature rat, a fairly consistent set of phystological changes
following exposure to noxious stimuli has bgé; found, especia]\ylwithin
the pituitary:gdrenal system, whereas investigations conducted o; young
animals ﬁave SJEEESted that the response to stress durtng the early
stages of dévelopment may change over time.

ap—

Pro-opiomelanocortin has been reported to first appear in the

- anterior lobe'of the pituitary on embryofiic day 16 (Chatelain, Dupouy,

and Dubois, 1979; Dupouy, 1980; Khachaturian, Alessi, and Lewis, 1983;
Schwartzberg and Nakane, 1982). Rats are able to process POMC early in:
development (Sato and Mains, 1985; Seizinger, Hollt, and ﬂerz.‘1984),
although during the neonatal period the pattern of POMC processing is

) 4
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somewhat different from that in the adult. The totai content of ¢
. B-END-1ike immunoreactivity (B-EPLIR) in the aﬁterior pituitary increases
steadfly with age. In contrast, concentrations of B-EPLIR have been
found to be higher in neonatal rats, decreasifig to adult levels around
the beginning of the second week of life (Sejzinger et al., 1984).
Presumably, this is due to a disproportionate increase in anterior
pituitary cells that do not synthesize B-END. The finding of elevated
concenfrations of B-END in the neonate is supported by reports of high
plasma concentrations of thevpepiide during the first few, days follow1n§
birth (Moss$, Conner, Yee, lorio, and Scarpelli, 1982; Paneraix Martini,

" Di Giulio, Fraioli, Vegni, Pardi, Marini, and Mantegazza, 1983). As in
the adult animal, the anterior lobe of the neonate has been found to
contain predominantly the bigq;gically active, non-acetylated farms of‘-
B-END (Sato arfd Mains, 1985; Seizinger et al., 1984), and contains
adult-Tike B-END/B-LPH ratios (Seizinger et al., 1984). Interestingly,
acetylated B-END (Alessi, Khachaturian, Watson, and Akil, 1983) and
a-melanocyte stimulating hormone (a-MSH: ;hacharturﬂan. Alessi, Munfakh,

ftuitary in

and Watson, 1983) have also been found in the anterior
concentrations greater than those found in adult animals, suggesting a
greater overall level of POMC processing. . |
. Dur{né the late fetal perioq_and until shortly after birth, ACTH is

functionally responsive to certain stresses and to CRF (Bartova, 1968;

~4

Coﬁen. 1976; Gray, 1971; Guillet and Michaelson, 1978; Schapiro, Geller,
and Eiduson, 196?). Beginning at posfﬁatal Qay 1 to 2, however, the
plasma ACTH response to stressors such as electric/ shock, éihef vapours,

and hypoxia is attenuated, and does not re-emerge/ until the second to



H

—

third week of 1ife (Guillet and Michaelson, 1978; Hary, bupouy, ‘and f;:s
Chatelain, 1951; Walker, Perrin, Vale, and Rivier, 1986; Ha]ker."l

Sapolsky, Meaney, Vale, and Rivier, 19865J/ The effects of ,stress_on the
concentratioq of plasma B-END and B-LPb during this period have not been

reported.

Neurointermediate Lobe of the Pituitary

In the neurointermediate lobe, the post-translational processing of
POMC is different from that in the anterior pituitary; ACTH, B-LPH, and
B-END-(1-31) serve predominantly as transient intermediates in the

processing -of other peptides (Crine, Gianoulakis, Seidah, Grossard,

' Pezzalla, Lis, and Chretien, 1978; Mains, Smith, and Ling, 1977).

Enzymes present within the secretory granules of me]anotropic célls
initiate the cleaQage of POMC to a-MSH, a 13 ami:o acid peptide, that
corresponds to the N-terminal segquence of ACTH (see‘Figure 1). Following’
cleavage ‘from the ‘precursor protein, post-translational amidation of the
C-terminus and gcetylation of the N-terminus of the MSH molecule occurs,
thus {ncreasing both its me]anotrgpic activity (Guttmann and Boissonnas,
1961; Rudman, Chawla, and Hollins, 1979) and the Botency of the peptide
in eliciting certain behavioral responses (0'Donohue, Handelmann,
Chaconas. Miller, and Jacobowitz, 1981). CorticotrOpin-11ke 1ntermed1ate
lobe peptide (CLTIP) is also cleaved from ACTH, and represents the 18-39
amino acid sequence of the molecule (Krieger, Liotta, Brownstein, and
Zimmerman, 1980; Ma1ns and Eipper 1979). Post-translational processing
of B-LPH results in B-melanocyte stimulating hormone (B-MSH), the 41-58
amino acid sequence of the molecule.- Moreover. B-END-(1-31) undergoes

N-acetylation (Ac- B-END), a process that complete]y eliminates its

<




cuﬁucity t§ bind with obiate reieptors (Ak i1, Young, Hatson. and Coy.
/1981 Deakin Dostrovsky, and Smyth, 1980), “thus removing the analgesic
// property of the peptide (Smyth, Massey, Zakarian, and Finnie, 1979).
Acetylated B-END-(1- 314 is further processed at its C- terminus to Ac-8-
END-(1-27) and.-(l-26). Only a sma11 proportion of B-END in the .
neurointermediate pituitary is non-ace£y1ated B-ENU-(I-ﬁl) (Eipper and
Mains, 1981). Thus, the neurointermediaté lobe is cgaracterized
predominantly by a-MSH and B-END derivatives (Jackson and Lowry, 1;&Q§
Liotta, Suda, and Krieger, 1978). | '
fhe_secretory activity of neurointermediate lobe cells is regulated

primarily by inhibiting dOpamine-releasjng neurons projecting from the
arcuate nucleus to thg median eminence of the hypothalamus (Bower,
H;dley. and Hruby, 1974). Thus, administration of dopamine receptor
antagonists to rats elevates POMC mRNA levels and induces the

. biosynthesis of/ POMC (Chen, Dionne, and Roberts, 1983).-re5u1t1ng in the
increased conversion of the precursor to a-MSH and the acetylated forms
of B-END. Moreover, the rate of secretion of a-MSH and B-END from the
neurointermediate ldbe are accelerated (Farah, Malcolm, and Mueller,
1982;. Hollt and Bergmann, 1982), mimicking in this respect the response
to stress. Akil, Shiomi.qand Matthews (1985) stressed rats by exposing
them to 30 minutes of intermittent footshock, and found an increase in
the concentration of plasma Ac-B-END-1ike maﬁeria] and a-MSH. Khorram,
Bedran DeCastro, and McCanq (1985) also found a signifigant increase in
plasma levels of a-MSH five minutgs following the onset of immobilization .

stress, as well as a significant elevation in the neurointermediate lobe

content of the peptide. Tﬁsse results are in ag}eement with other

-
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reports demonstrating an elevation in pituitary and plasma'a-MSH
following stress (Kastin, Schally, Viosca, and Miller, 1969; Usategui,

Oliver, Vaudry, Lombardi, Rozenburg, and Mourre, 1976). Little is known

about the phyéiological role of. elevated plasma Ac-B-END and a-MSH levels

after stress. Plasma concentrations of a-MSH comparable to those reached
after stress have been found, however, to stimulate aldosterone seéretion
(Vinson, Whitehouse, and Thody, 1980).\supprgss the reléase of
leuteinizing hormone (Khorram et al., 1985) and pfblactin (Wardlaw,
Smeal, and Markowitz, -1986), and have glso been found to increase the
secretion of glucocorticoids (Llanos, Ramachandran, Creasey, Rudolph, and
Seron-ferré, 1979).

Pro-opiomelanocortin cells first appéar in the 1ntermediate lobe'of

the pituitary on embryonic day 17 to 18 (Oyatelain et a].. 1979; Dupouy,

"1980; Khachaturian et al., 1983; Schwartzberg and Nakane 1982).

Processing of tﬂe precursor protein in this region closely resembles that
of the abu1t. as a-MSH and B-END account for most of the immunoreactivity
(Sato and Mains, 1985)‘.desp1te a dramatic increase in the content and
concentratign of the peptides between postnatal Day 1 and adulthood
(Alessi. et al., 1983; Seizinger et al., 1984). Moreover, as in the
mature animatl, a-MSH is Jargely d1-acet&?ated (Leenders, Jansgens.
Theunissen, Jenks, and van Overbeeke, 1986; Sato and Mains, 1985).
B-Endorph1n fs both a-N-acetylated and C-terminally shortened, resulting
in AcLa;Enn-(l-ga), -(1-27), and -(1-31), although the extent of
C-terminal shortening is not as great as that observed in the older
animal (Leenders et al., 1986; Sato and Mains, 1985). No studies

examining theceffects of stress on Ac-B-END or a-MSH during the early

\
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postnatul period have been reported to date.
\\\ . - v

Adrenal Corticoids

Adrena] corticoids are synthesized primarily from cholesterol taken
up by the adrenal cortex from circulating plasma. Conversion of
cholesterol to corticosterone. the principle glucocoitjcoid in the rat,
involves a series of hydroxylations that result in the formatioqpof the

¢ , .
intermediate hormones pregnenolone, progesterone, and 1l-deoxy-

corticoste;one. An additional hydroxyIatjon. followeg by &ctivity of the
enzymes 18-hydroxylase and 18-0OH-dehydrogenase, re§y¥%§ in the formation
of aidosterone, the major mineralocorticoid. Synthesis of the corticoids
is regulated by ACTH. Adrenocorticotropin influenpces the uptake of
hepaiic oho]esteool\from tne plasma, and.enhances intracellular chol-
esteool synthesis and hydrolysis of cholesterol esters (Oexter, Fishman,
and Ney, 1970; Hadley, 1984). The pituitary peptide also regulates the
transformation of cholesterol into pregneno[one (Hechter, {958; Karaboyas
and‘Kor%tz.‘1965). the rateﬁlimit{ng step in the synthesis of the corti- ’
coids. ) o

The oe]ease of glucocorticoids in humans and animals in response to
& variety of stressors is well known, dating back to the work of\Selye
(1950). de Souza and Van Loon (1982) have provjded detailed information
on the effect of acote stress on the time course of éircu]ating
corticosterone and ACTﬁ 1evels in adult animals using a 2-minute
restraint stress. They found an elevation in the concentfat}on of plasma
corticosterone that peaked at 15 to 39 minutes, shortly after the rise in

- plasma ACTH, and a decline to basal levels-60 to 90 minutes post-stress

(see Figure 3).

11
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Figure 3. Time course of plasma ACTH and corticosterone responses to a

2-minute _restra*ht stress. (Based on the results of de Souza and Van
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The secretion of glucocorticoids by the adrenal cortex is a central

feature of the stress response. and is essential for survival under

B4 T

osustained streds (Hunck Gung@ and Holbrook, 1984) Glucocorticoids
serve to increase energy resdﬁFEEs by increasing the rate of carbohydrate
wmetabolism, enhancing sympathoadrenal activity, increasing the

availability of catecholamines, increasing cardiovascular tone, and to

" inhibit the sec;stion of various hormones and neuropeptides.

Ouring the late fetal period, basal plasma t1ters of corticosterone
in the rat are within or slightly above adult range (Martin, Cake.
Haremann. and Cook, 1977; Meaney, Sapolsky, and McEwen, 1985), and pups
are able to secrete the sgeroid in response to a'variety of stressors as
early as Day 17 of‘gestation (Miikov1c and Mitkovic, 1963, 1967; bard and
Weisz, 1984): Within the first two days of life, and especially in the
first 6 to 8 hours after birth, corticosterone levels drop dramatically.
Duriog this period, there remains a sma11'but statistically reliable
increase in corticosterone in response to stress (e.g., Butte, kakihana.

Farnham, and Noble; 192}). From postnatal Day 2 until Day 14, however,

_ pituitaryadrenal responsiveness-decreases, resuiting in a markedly
g attenuated response to stressors that, at other ages, reliably induce

"substantial hormone release (Walker, Perrin, yale, and Rivier, 1986).
Y

H;poresponsivity of the pituitary-adrenal §ys em following stress during
thig“critical period in the postnatal rat has been demonstrated
consislently following exposure to a variety of stressors including
handling, .heat, hystamine. electric shock, ether vapours, hypoxia,
surgical 1dvasion, and cold stressors (for a review, see Sapolsky and

Meaney, 1986). .In each case, animals between Day 3 and Day 14 have

v
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failed to show an {increase in cort1costgrone titers in response to stress
(Bu}te~et al., 1973; foté and Yasmura, 1975; Gray, 1971; Guillet,
‘faffran. and Michaelson, 1980; Hiroshige ahd,Sato. 1970; Schaﬁ?ro et al.,
1962; Walker, Perrin, and Bivier. 1985). Schapiro (1962) coined this the
“stress non(esponsjye period" (SNRP), which is characterized by the
neonate's faflure to mobilize a significant corticosterone secretion in
response to stress. Recently, Sapolsky and Meaney (1986) have argued
that this period is characterized by a relative, rather than absolute —
insensitivity to stress, and suggestea the term "hyporesgonsive“ instead
of:“nonresponsive“. § sidhificant corticosterone response to stress is
observed again by Day 15, coinciding with an increase in basal
corticosterone titers that approximate adult levels (Henning, 1978;
Meaney et al., 1985).

Monoamines . )

In recent years there have been many reports of alterations in .
cerebral catechb]amine activity following stress in adult animals. The
most consistenf changes seem to occur in the noradrenergic systems. The
locus coeruleus nucleus is the area with the richest concentration of
NE-containing cell bodies (Fuxe, Hokfelt, and Ungerstedt, 1970), and is
composed aimost entirely of NE-producing neurons (Dahlstrom and Fuxe,
1964). Recent work indicates that neurons of the locug coeruleus,
because of an extensive axonal collateralization, project to many areas
of the CNS including the spinal cord, brain stem, hypothalamus, .
hippocampus, and cerebral cortex (Kuypers and Maisky, 1975; Nygren and .
Olson, 1977). Another group of. NE-congaining cell bodies exists within

the lateral tegmental area and acts as a major source of hypothalamic

14
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1nnervat{on, having the medial hypothalamus as its principal target
(O1sen and Fuxe, 1972)." Norep{nepnrine is also present, of course, in
the- periphery, within sympathetic“neufods and the adrenal medulla. T
Norepinephrine {s synthesized from the amino acid tyrosine, which is
present in the circulation. Following uptake into the cells, tyrosine ,
undergoe§ a series of transformations: it fs f}rst converted by'tyrosiné
hydroxylase, a catalyt{c enzyme_considered to be a rate-1imiting step in
the biosynthesis of NE, to 1-dihydroxyphenylalanine (1-DOPA), followed by
conversion to dopamine (DA) and NE, with the synthesis of NE dependent .
upon the activity of the enzyme dopamine B-hydrOxyHase'(DBH).
Norepinephrine is synthesized in vesicles, where DBH 1s found, alon§ with
DA and adenosine triphosphate (ATP). Studies examining the noradrenergic
system following acute exposure to stressfulpstimu\i have found an
increase in NE synthesis and release. The most consistent alterations
seem to be a reductiin in ;he content of NE in the hypothalamus and
brainstem (Fuxe, Anq'yson. Eneroth, Siegel, and Agnati, 1983; Johnston et
al., 1985; Reinstein} Lehnert, Scott, and Wurtman, 1554; Smythe,
Bradshaw, and vining, 1983), suggesting increased release of the
catecholamine. Decreased conceﬁtrations of NE have also been reported in

3

a wide variety of brain nuclei including the raphe, h:ppocanpus.

amygdala, locLS coéruleuﬁ. thalamus, cerebral cortex.mpons and medulla
ob]ongatal and midbrain (e.g., Glavin, Tanaka, Tsuda, Kohno, Hoaki, and
Nagasaki, 1?83; Iimori, Tanaka, Kohno, lda, Nakagawa, Hoaki, Tsuda, and
Nagasaki, 1982; Reinstein et °]Z' 1984). This stress-induced depletioﬁ —
has been found to Se prevented by pretreatment w1t9 tyrosine (Lehnert,

Reinstein, Strowbridge, and Wurtman, 1984). Furthermore, significant
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‘hormone release induced by ether exposure (Johnston et al., 1985).

e

increases have been reported in the synthesis of NE in the brain, in the ’
lctidigies éf the énzymes and in the productjon of netabo\1fes. M\
indicating an increase in the turnover of the catecholamine‘(G}avin et
ll.: 1983; Iimori et al., 1982; Sauter, Baba, Stone, and Gdldsteiﬁ. 1978;
Stone, 1975). '

Norep inephrine participatei in the regulation of iany neuroendocr ine
functions both under normal conditions and during stress, and therefore
plays an important role in the homgostatic adaptation of the organism.
Increases in NE metabolism in hypothalamic nuclei have been temporally

correlated with acute changes‘\ﬁ ACTH B-END, prolactin, and growth

-
-

Noradrenergic neurons innervating the hypothalamus appear to function as
an inhibitory influence fn regulating ACTH secretion (Ganong, 1984), and
thus participate in feedback regulatipn of the H- P- AKAxis.

\ ¢
Stress-induced increases in the activity of dopaminergic neurons

have also been found, although the response to stress does not appear to

be as widespread or consistent as that in the noradrenergic éystem
{Anisman, 1978; Stone, 1975). The most reliable changé has been reported
to occur in the mesolimbocortic;I DA neurons, whose cell bod1e§'11e
primarily in the ventral tegmental area, giving rise to axons that.travel
rostrally in the median forebrain bundle to terminaté in forebrain areas

such as the nucleus accumbens, the olfactory tubercle, the interstitial

\\.
-nucleus of the stria terminalis, the septum, the nucleus of the diagonal

band of Broca, and the frontal cortex (Lindvall and Bjorklund, 1974).
The nigrostiatal DA systen'has 21so been shown to respond to acute

stress. This pathway contains cell bodies arising from the substantia

16
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nigra and pars compatta, and reaches rostrally to innervate the caudate

putamen and the entral nucleus of the amygdala. Alterations in the

tdberoinfundibular system were also found; this pathway originates from

celis in the arcuate nucleus of the hypothalamus and projects to the. -
medtan eminence and the pituitary gland. Laveille etal. (1979)
fnvestigated the effects of footghock stress and found that fronta)
cortex DA content fell within three minutes to a minigum level at ten

" minutes after the onset of the stress; moreover, an increase }n DA
utilization was found after 20 minutes, as .indicated b; elevated levels
of the DA metabolite, dihnyoxyphenylacetic acid (DOPAC). Furthermore,
DA turnover inc#gased rapidly aﬁd cSntinued to rise throughout the 20
m{nute stress seﬁsion. suggesting that the prolonged activation of the
dopamipergic neurons not 0nlyﬂenhancea the ré{gase of DA from‘term1na\s.
but also stimulated DA synthesis. These results were confirmed By’
Reinhard, Bannon, ana Roth‘(1982). who reported increases in DOPAC in the
frontal cort(igowhife DA synthesis, as measured by DOPA accumulation
following decarboxylase inhibition, was increased as well. Fadda,
Argiolas, Tissari, Onali, and Gessa (1978) also foun& increases in DOPAC
in the fréntal cortex as well as in the nucleus aECumbens after ZQ
minutes of electric footshock; however, no change in frontal cortex DA
was detected, suggesting that synthesis of the catecholamine was keeping
pace with rgleage. Following ébmbined cg1d and restraint stress, Dunn
and File (1983) detected & decrease in the concentration of DA in both
the. striatum and frontal cortex, and an increase in the DOPAC/DA ratio in
the St(iatum, nucleus accymbens, and frontal cortex. Johnston, Spinedi,

Cr
and Negro-Vilar (1985) found that exposure to ether vapours significantly

—
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enhanced Dﬁhaetaboqism in the rostral division of the arcuate nucleus, 2

finding that -is consistent with earlier studies demonstrating decreased

"DA levels and increased DA synthesis in the whole arcuate nucleus

following stress (Hedge, Van Ree, and Versteeg, 1976; Palkovits,
Kobayashi, Kizer, Jacobowitz, and Kopin, 1975).

Stress has also been found to affect the serotonin (5-HT) system. ) "
Tryptophan is the primary precursor of S-HT'ing is tagen up into the :7;‘
cells where it {s converted to S-hydroxytrypt;phAn (5-HTP) through then
actiéﬁ of tryptophan hydroxylase. 5-Hydroxytryptophan then undergoes
decarboxylation by 5-HTP decarboxylase, resulting in the formation of
5-HT. Cel) bodies of 5-HT neurons are localized in nuclei of the raphe
and reticular region of the brain stem (Dahistrom and Fuxe, 1964), and
their axons project’widely thr0ugh051 the bra?n. In the .rat, the
principal 5-HT neurons ascend in the ventral part of the median forebrain
bundle in its medial and lateral parts (Dahlstrom and Fuxe, 1964; Fuxe
and Johnsson, 1974), to innervate various limbic gtructures.‘the
hypothalamus, the p}eoptic area, the cingulate cortex, the caudate
rucleus, and the cerebellum. Similar ascending fibers have also been
traced to the septaf area, the hippocampus, the superior colliculi, and
the neo- and mesocortex.

Stress does not appear to prodﬁce consistent changes in the actual

%

content of brain 5-HT, but, in general, increases have been found in the

concentration of the S-HT metabolfte, S-hydroxyindoleacetic acid
(5-HIAA), and brain §-HT turnover.. de Souza and Van Loon (1986) found
that a 2-minute exposure to restraint stress significantly elevated

concentrat fons of'S-HIAA in the hypothalamus, cerebral cortex, and brain’

.
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- stem regions in the rat. Johnston, Demarest, and Moore (1984)

'1mmob1112ed rats for 30 minutes following a brief exposure to ether

— =t

A Y

vapours and observed an increase in the rate of 5-HTP. accumulation, -
suggesting increased gynthesis of 5-HT, as well as an elevation in 5-HIAA
in the suprachiasmatic and paraventricular nuclei. Azmitia and McEwen’
(1974) measured the activity of tryptophan hydroxylase following electric
footshock, cold and ether\exposure. and found an 1ncrease in the ’
concentration of the enzyme, thus providing® further supportJ;yr an
increase in 5-HT synthesis " Stress-induced 1ncreases in 5-HT turnover
have also been found to be accompanied by an 1ncrease fn brain tryptophan
(Knott, Joseph, and Curzon, 1973). Moreover, pretreatment of rats with
valine, an amino acid that competes with tryptophaﬁ and thus, restricts
jts availability to the brain, prevented the increase in-brain tryptophan
that accompanied immobilization stress, and in turn, markedly attenuated
the rise in 5-HIAA (Kennett and Joseph, 1981). ] ' -

Thus, the effects of stress on catecholamine and indoleamine
neuronal activity in the CNS of the mature animal have beeHCStudied
.exténsive}y. and in general, the results §uggest an increase in the
synthesis and metabolism of the amines. Although some‘information is
available on the ontogeny of amines in tnplcns.'information concérning
‘the characterization of the effects of stress on brain monoamines during
early development is scarce.

'quepinephrine and DA have been reported to appear in the rat brain
between Days 14 and 15 of gestation (F~<le and Henry, 1973), and show
increases in ¢ ration with maturity until adulthood. At birth,

-

whole brain concentrations of both NE and DA are 15 to 30% of adult
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levels, decreasing brief]y 1q'some areas during pubescence ::;:Eyg1.'
an

i

/
Brodie, 1960). This pattern of development has been found fg/correspond

—

Davis, and Himwich, 1966; Coyle and Henry, 1973; Karki, Kun

to age-related changes in the synthesizing enzymes tyrosiﬁglhydroxylase
and dopamine beta-hydroxylase (Coy}e and Axelrod, 1972), as well as to
the proliferation of nerve terminals that take‘up and store the
catecholamine (Coyle and Axelrod, 1971). The regional distribution of NE
also’appears to vary with age and parallels enzymatic activity.
Inftially, high levels of NL appear in areas that are near the cell
bodies in the locus coeruleus, while later the concentration is mbre
elevated in distant regions (be1e and Henry, 1973). !
ﬁeurob1asts containing 5-HT have been reported to first appear in
the rat CNS as early as the 12th day of gestation (Olson and Seiger,
1972). Tryptophan hydroxylase is first defected in the embryo on Day 16
(Wapnir, Hawkins, and Stevenson, 1971), and increases rapidly !
thereafter. At birth, 5-HT levels in the brain.stem have been reported
to be one-third to one-half of those found in phe same region in adult
rats (Agrawal et al., 1966; Karki et al., 1960), increasing progressively
thereafter until bdstnata] weeks § to 7, when they reach concentrations

slightly higher than those found in the adults (Agrawal, Glisson, and

Himwich, 1968; Karki et al., 1960). Peripheral and central mechanisms

. have been found to favour tryptophan accumulation in the brain during

early life. Brain tryptophan lewels in the CﬁS are high during thé early
postnatal period, and may be 5 to 10 times higher than 16 adults for the
first two days following birth (80ur961n. Bauman, Benda, Glowineki, and
Hamon, 1974). The metub'orﬁtewof 5-HT, 5-HIAA, has also been found to be

i
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relatively abundant in the brain of developing rats (Bourgoin et al.,.

1974) Levels of 5- HIAA in the brainstem were found to be as high at

- birth as in adults, while the concentration wus reported to 1ncrease

‘progressively both in the brain stem an% the forebrain for the first

three postnatal weeks, decreasing slowly and reaching adult values by thg'
end of week five (Bourgoin et al., 1974).

The Present Experiment:

A large number of studies have examined @he effects of stress on
brain nonoamines ond pituitary-adrenal hornones jn the adult. A]tnough
some information on the Ontogen} of fhese systems_is avaflable. f1£t1e is
known about how these systems respond to stress during early
development. Since it is possible that the long-term effects of éar]y
“stress may be mediated by hormones released from the CNS and the

pitu1tary, it was considered worthwhile to further examine the nature of

" the stress response in these systems during the early po;hnata1 period.
|4 ,

Method
The effects of stress throdghout early development were examined in
rats from the early postnatal, Qeaning, pobertal. and young mature
periods.' The predominant stressor used in this experiment was exposure D
to ether vapours, sinoe it s clearly an aversive experience for the

animals, and its common use lends itself readily to comparison with

‘previous investigations. Handling-stress, which involves the brief

“

removal of animals from their home cage, was also used, since the

handling manipulation mimics the stressful conditions that the animals
are naturally exposed to during the cout}e of development, such as

separation from their mother and removal from the nest. This stressor

2l



was not used consistently, however, as it would have resulted in a
greater number of samples than could be meaningfully analyzed, given the
11u1tat10ps of the sensitive biochemical procedures used in this study.
The effect of stress on brain activity was assessed by exposing rats
to ether fumes and, following sacrifice, obtaining brains for the
measurement of monoamine levels. Samples from the hippocampus,
hypothalamus, and frontal cortex were selected, since these regions are
heavily innervated by nbnoaminerg{c terminals, and have been reported to . d
be respJ;sive to stress in adult animals.. Activity of the pituitary was
" assessed following exposure to ether-stress by mensuring B-END/B- LPH
levels in plasma, as well as fqllowing handling-stress.
In an attempt to distinguish between the tontributions of the
anterior and neurointermediate Jobes of the pituitary during the early -,
postqhtal per1od.~a measure of neurointermediate lobe activity was

{U Obtained. For this'purpbse concentrations of a-MSH, a peptide secreted

predominantly from the neurointermediate 1obe of the pituitary, was
measured in the plasma of Day 7 pups, an age considered to be
T characteristic of the so-called stress "hyporesponsive“ period Plasﬁa
levels of corticosterone were also measured in animals that were either
e;pgsed to ether vapours or handling, in order to establish the presence
of a stress hyporesponsive period within the present 1nvestigat1§n.
Subjects
| Pregnant Long-Evans, New Colony hooded rats were obta1ned from
Canadian Breeding Farms (St. Constant Quebec) ‘on the 17th or 18th day of
gestation. They were individually housed in wire-mesh maternity cages

(42 chyx 25 cn x 18 cm) partially filled with beta chips, allowed.free
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access to food (Agway Prolab animal dtgg) and water, and maintained on a

. reverse 12 hour light/dark cycle, with 1ights on at 2200 hours. The
birth date of the pups was considered as Day 0. On Day 21 the mother was
removed, hnd‘the pups were placed in'%mailer cages (18 c¢cm x 18 cm x 25
cm) with between thrée and five littermates per cage. At 55 days of age,
the animals were re-housed in groups of three\aﬁcording to sex. Animals-
were studied at 3, 7, 14, 21, and 35 days old, as well as on Day 63, an
.age that the rat is considered to be sexually mature. A total of 80
Nitters of rat pups were used in the study.

Experimental Design and Procedure

The animals were quasi-randomly sélected from available litters to
form the experimental groups. In order to obtain v&lid. basal plasma -
samples for pups in the control condition, home cages of the animals were

undisturbed for a minimum of 90 minutes prior to sampling, and only two

animals were removed from a litter at any one time. Rats in the control.

group were rapidly taken into an adjoinind room and decapitaté& (<20
| seconds). Trunk blood was collected in 1.5 ml m1crocentr1éuge tubes thﬁt
were pre-rinsed with heparin (400 units/ml; Organon Canada, Toronto,
_Ontario) to.prevent‘clotting. and Eontained 5 p1 sodium metabisulphfte.
(333mg/2m1; Fisher Scigntific. Montreal, Quebec) to protect against
breakdown of gpe substrates (Renner and Luine, 1984). The samples were
stored on ice until centrifugdt4on."¥0f1ow1ng sacrifice, the brain was
quiékly removed and frozen on dry ice.

Animals in the hand)ing-stress group were removed from their cages,

again in pairs, and placed into a plastic container partly filled with

beta chips in an adjoining rodom for a period of five minutes, following

> 23



- .
»

which time they/!gre decapitated, for the collectfﬁn of blood and
//Er§16$1’ An?ﬁiis in the ether-stress group were placed in-a covered,
glass c&\inder and exposed to éther fumes (Fisher Scientific) for two
_ minutes, after which they were moved to a.lined plastic container for
three minutes until sacrifice (total: five minutes).

Following éa11ection of the samples, the b100dkwas spun atJ3‘900
r.p.m. in a pre-cooled (4°C) Savant high speed centrifuge for ten
minutes. »Thé plasma was then drawn of f with a pipette, dnq the process
was repeated uétil most of the plasma was aspirated. sln order to obtain
the appropriate amounts of plasma for the B-EPLIR and a-MSH ’

radioimmunoassays, samples from Day 3 and Day 7 pups of the same sex and
treatment groﬁp were pooled; no pooling was necessary at the later ages.
Plasma and brain tissue were stored at -80°C until analyzed. Samples
from animals oé different litters were“combined for the biochemical
assays.‘

b ]

Measurement of plasma corticosterone immunoreactivity. Plasma

<

corticosterone was~measured using the radioimmunoassay of Krey, Butler,
Hotchkiss, Piva, and Knobil (1975), with a corticosterone antiserum
(83-165) ﬁurchased from Fndocr{ne Sciences, Tarzana, Californid. The
antiserum was diluted to a final concentration of 1:64,000 in

. phospﬁate-buffered saline (PBS) (desér1bed be?ow}. The cross-reactivity
relative to corticosterone was 4% for desoxycorticosterone and less than

'.ix for the other steroids tested, including aldosterone, cortisol,

, gbrtispne. desoxgcortiso], dexd¥methasone, DHEA, estradiol, eétrone.
17§Pi&roxy pregnenolone, 17a-hydroxy progesterone, 20a-hydroxy

progesterone, 208-hydroxy progesterone, p%éa1spne,ﬂprednisolone.

s
4
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pregnanediol, S5a-pregnanedione, SB-pregnaned}one. pregnanetriol,
pregnenolone, proges'terone. testosterone, tetra hydro cortisol, and tetra
hydro cortisone. Intra- and inter-assay coefficients of variability were
10 and 12% respect{veu. The absolute sensitivity of the assay was 10

Pg.

To perform the assay, 10 pl of sample and 1 m1 of ethanol (Alcools
de Fommercé. Montreal, Quebec) were pipetted into }52 x 75 mm borosilicate
glass tubes (Fisher Scientific) and vortexed. Tﬁe test \tubes were
vortexed again after 15 minutes, then centrifuged for 10 minutes at 3,000
r.p.m. in a Beckman J2-21 centrifuge at 4°C. A 100 pl aligquot of the
supernatant was transferred into duplicate ‘tubes. A standard curve was
prepared ip duplicate cc;rresponding to 0, 10, 20, 56, 100, 200, 500 and
1,000 pg by pipetting a]iqqots of a. standard solution of corticosterone
(Sigma Chemical Company, St. Louis, Missouri), in absolute ethanol. A
100 11 aliquot of absolute ethanol was also pipetted into duplicate t:nbes
to be used aé a measure of the total count (T0T).: The contents of all
the tubes were dried down in a Labconco Freeze Dryer.

. Phosphate-buffered saline was prepared, consisting of 143 g NaCl,
250 ml 0.5 M dibasié:. 100 m 0.5 monobasic (an pro;jucts from Fisher

~ Scientific), and. 1.75 g merthiolate (Sigma Chemical Company), dissolved

with glass distilled water to 17.5 liters, pH. 7.0. A gel was prepared
by stirring 1 g commercial gelatin (Lenox) into one liter PBS over heat
until dissolved, and was used to minimd(xg nonspecific binding of reagénts
to gllass and charcoal. The tracer mixture consisted of Corticosterone
[1,2,6,73H(N)] (New England Nuclear, Lachine,- Quebec) diluted to 12,000

to 14,000 c.p.m. using PBS gel. A 1/10 dilution was then mixed, the
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proportions of which were altered to obtain a TOT count of 13,500 c.p.m.’
A 100 g aliquot of the tracer waseadded to all tubes. The antiserum was
added to standards an& samples, with the except»ion of the TOT. The tubes
were then covered with parafilm and placed in a cold room (4°C) for 12 to
24 hours. Nonspecific binding was assessed by 1ncubai1ng pTasma extracts
without the antiserum, and constituted 3 to 5% total binding.

Following incubation, 1 ml PBS gel was added to the TOT tubes, and 1
ml ‘dextran—coate‘d activated charcoal, made of 2.4 g Norite A (Aldrich
Chemical Company, Mflwaukee, Wisconsin) and 240 mgk dextran (MW 71,200;
Sigma Chemic,a‘ll Canpanyj per liter PBS, was hliquoted into the other tubes
to permit the separation of the antibody-‘bound from ;he free cortisol.
Afte;- 15 minutes, all tubes were centrifuged at 4°C for 10 minutes at
3,000 r.p.m. The supernatant was then poured and tapped into plastic '
scintillation vials (biamed Lab Supplies, Mississauga, Ontario). Four m]
1iquid scintiilation cocktail (Liquiscent; National Diagnosti'cs;
Somerville, New Jer’sey) was then agded. and the samples were counted on a
Packard beta scintillation counter. 0Qata reduction was done on an Apple
11€ computer —us‘ing a program for analysis of radioimmunoassay data based
on a regress fon analysis. . ' .

Héasurement of plasma B-endorphin-like immunoreactivity. The

© B-EPLIR content in the serum was estimated by radioimmunpassay using an

antiserum specific for the C-terminal of B-END at 1:30,000 fipal
dilution. The antiserum gave almost 100% crosg-reactivity with bovine
B-LPH and a-N-acetylated B-END, and cross-reacted 70% with B-END-(1-27);
it g'ave‘almst no crgss-reactivity with ACTH, a-MSH, or the B-LPH
fragments of - (61-65), -(62-67), and -(80-84). Thus, the antiserum
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recognized POMC, B-LPH, B-END-(1-31) and B-END-(1-27) in both
a-N-acetylated or nonacetylated forms, but did not recognize B-END-(1-16)
and B-END-(1-17) (Gianoulakis. Drouin, Seidah, Kalant, and Chretien,
1981; Gianoulakis, Woo, Drouin, Seidah, Ka]gnt. and Chretien, 1981). Oue
to the small quantity of serum avaitable from each an!ma1 for estimation
of B-EPLIR content in the serum, an aliquot’of 100 p1 of unextracted '
plasma was used. The minimum detectable quantity of B-EPLIR was 10 pé.
Intra- and inter-assay variability was 8.9 and 10.1% respective1y;
B-Endorphin was labeled with lodirg-125 (New England Nuclear) using
a modification of a previously published procedure (Hunter and Greenwood.
1962). For fodination, 1 yg B- END in 10 11 of O. 001 N HC) was diluted
with 25 pl of 0.05 M sodium phosphate (Fisher Scientific) buffer, pH.
, 7.6, and 10 p1 of carr1gr-freé Nal?sl (10 mCi/m} in 0.05 M phosphate
buffer, pH. 7.6; New England Nuclear) was added. The reaction was
initiated by adding 10 1) of freshly prepared chloramine T (Eastman
Chemica]‘Compaﬁy. RJZ:;ille, Maryland) so1ution'(5 mg/ml in 0.05 M
phosphate buffer, pH. 7.6), and terminated after 5 to 10 seconds by the
addition of 25 pl of freshly prepared sodium metabisulphite solution (5
mg/m1 in 0.05.M phosphate buffer, pH. 7.6) and 1 m]1 of standard
radioimmunoassay’ buffer (described below). . The fodinated B-END was
Jdesa]ted by adsorption to Sep-Pak cartridgés of 0DS-silica (Waters
§c1eht1fic. Lachine, Quebec), which were first conditioned by flushing
with 5§ m1 acetonitrile (Fisher Scientific), folltwed by 10 m1 of 0.1 N
HC1. The fodination mixture (about 1.1 m)) was passed once through the
cartridge and was then-washed with 3.0 m] of 0.1 N HC1 and 10 m1 of 10%
acetonttrile containing 0.1 N HCl. The bound peptide was eluted fromTie
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-~ yesin with 1.5 m1 of 60% acetonitrile/0.1 N HC1 and the eluate stored at

4°C in an Eppendorf tube.

" Standard radioimhunoassay buffer was composed of 0.05 M sodium
phosphate buffer, 0.5% human serum albumin (Fisher Scientific), 0.2%
(v/v) Triton X-100,(New England ‘Nuclear), 0.2% (w/v) sodium azide and 1
mM ethylgnediam{ﬁe tetracetic acid (EDTA; Sigma Chemical Company), the
final pH. of this solution being about 7.6. The radioimmunoassay was
conducted in 12 x 75 mm polypropylene tubes (Sarstedt Company, Montreal,
Canada) ;t 4°C, in a finat volume of 300 1 containfng 100 p1 of tracer BT \
(10,000 c.p.m.), 100 p1 of antiserum appropriately dilpted with standard
buffer, and 100 p1 of peptide standard or serum. The assay included, in
triplicate, a sample of total t}acer;ha blank containing tracer and

normal rabbit serum diluted to the same extent as the antfiserum; a

standard curve containing 0 to 10,000 pg of B-END per tube; the samples

(1n duplicate or triplicate), and; neurointermediate lobe extract at two
dilutions as inter-assay controls. All components were added at the
start of the assay, m{xed by vortexing, and incubated at 4°F for 48
hours. The incubation was terminated by the addition of 100 p) of 4%
(v/v) normal rabbit serum and 100 p1 goat anti-rabbit gama globulin
(Bio-rad, Montreal, Quebe&). Following an additional 1n§ub9tion for 16
to 24 hours at 4°C, the tuses were centrifuged at 3,000 r.p.m. in a
Beckman J2-21 centrifugé at 4°C, the supernatants were aspirated, and
radioactivity was measured in the pellets using an LKB 1282 Compugamma
counter. o p

Measurement of plasma a-melanocyte §tim61at1ng hormone. The a-MSH

content in plasma was measured by radioimmunoassay using a specific L
28
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antiserum (Bio-Mega, ﬁontreal. Quebec). The cross-reactivity, relative
to a-MSH, was less than 1% for H-ACTH-(1-39), ACTH-(1-16), ACTH-(1-24),
ACTH-(4-10), ACTH-(1-10), B-END, B-MSH, B-LPH, and y-LPH. a-Melanotrophe
stimulating hormone (Institut Armand-Frappier, Laval, Quebec) was
{fodinated as described ubqve for B-END, and diluted to approximately
20,000 c.p.m. in a buffer consigting of 0.06 M NaH2P04 (Fisher
Scientific),-0.1% Fraction V Powder 98-99% albumin (St?ma Chemical ;
.Company), 0.1% NaN3/(Fisher §c1ent1f1c) PH. 7.6, and 1% Trasylol (Miles
Pharmaceuticals, Rexdale, Ontdrio), to a final pH. of 7.5.

The assay was done in a final volume of 300 ! conta1n1ng 100 1
fodinated a-MSH, 100 p1 of a-MSH standard in buffer (1 pg to 10,000 pg
per tube) or sample, and 100 ul of anfiserGﬁ“ﬁ?luted 2,000 times in
buffer. After 24 hours incubation at 4°C, 300 yl of charcoal solution
was added, consisting of 1% Norite A, 0.25% dextran 7-70, and 1% human
serum albumin purified. The samples were vortexed, and” spun at 2,000
r.p.m. for 15 minutes in a Beckman centrifuge at 8°C. The supernatant
was decanted into glass tubes and counted.in an LKB 1282 Commpugamma

cognter. . —

Measurement of Monoamines and Metabolites 1n Brain Tissue.

Concentrations -of NE, DA DOPAC, 5-HT and 5- HIAA were quantified using
reverse-phase High Performance Liquid Chromatography w1tr Electrochemicai
Detection (HPLC-EC). Frozen brains were sliced 1J 300 p sections at
-10°C in a refrigerated cryostat (Ames), and thg}sections thaw-mounted on
gel-coated (7.5 g gelatin to 750 ml glass distilled water, and 375 &g
potassium gquha{e;~{jsher Scient1fic)nglass slides. Samples from

frontal cortex, hippocampal, and hypothalamic nuclei were dissected using

?
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} the microdissection technique of Palkovits (1980). Punches, with a
diameter of either | mm or .5 mm, were ‘expelled into an ice-‘cow med fum
"+ of 4.3 ml/liter glacial acetic acid (pH. 5.0 with NaOH; ‘Fisher
Scientific), 0.15M sodium acetate (Fisher Scientific), and 0.1sM EDTA
(Aldrict; Chemical Company). The tissue punches jln the diluent were
} disrupted bywfreeze-thawing. When samples were thawed, 5 pg ascorbic
‘ '°|cid"’o:_t1dase (Boehringer Mannheim, Dorval, Quebec) was added. The
samples were then vortexed and centrifuged at 13,000 x r.p.m. for 5
minutes. The supernatant was transferred to vials for automated HPLC
analysis. » )
Pellets were dissolved in 0.1 N NaOH (Fisher Scientific) for protein
determinat fon, using the method of Bradford (1976). A protein rea\ge@t '
e _ consisting of 0.01% (w/v) Coomassie Brillfant Blue G (Sigma Chemical’
Company), 4.7%,(w/v) ethanol, and 8.5% (w/v) phosphoric acid (Fisher) wds
a prepared. ' Fractdon V Powder 98-99% albumin in a concentration of 1 mg /m1
0.1 N NaOH was used as a prote'.in solution. Samples were mixed by
vortexinq.‘ and 15 p1 was pipetted\\nto 10 x 75 mm test tubes fin
. tripﬂcate. Following the additfon of 1.5 m1 of protein reagent, the - .
tubes were vortexed. The'ab*sor&nce was measured in a Perkin Ayimer
| 'S)Junior Mode) 35 spectrophotometer against a reage\r}t\blank prepared from
1S pl of 0.1 N NaOH and 1.5 m} of protein reagent. T\he protein
r:oncentryation of the samples was predicted from a standard curve
constructed using the absorbance values of known amounts of . the protein
. (Fraction V) solution. -
| The H;’LC-EC system consisted of a Waters Model 510 pump, a
wbgrm&le sample processor (Haiers 710-8 HISP). and a 15 .om x 3.9 mm
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Bondpack ClBlcolunn (Waters) with 4 y packing. An anperonet}ic
electrochemical detector (Bioanalytica} Systems, LC4B) with a glassy

carbon electrode (Biochemical Systems, TL-5A) was used for

electrochemical detection. Tﬁ:‘electrode potential was set at 0 76 V

versus a Ag/AgCl reference electrode. The mobile phase was adgpted from
Repner and Luine (1984). Samples were eluted with a 6.15[H sodium
aqetateqnob11e‘phase containing 0.1 mM EDTA, 80 mg/liter octy) ;odium

sulfate (Eastman Kodak, Rochester, New York), and 3.3 % acetylnitrile

"(pH. 3.8 with glacia) acetic acid; Aldrich Chemical Company). The mobile

phase was pumped at 1.3 ml/min (i500 p.s.i.).

‘All samples contained 10 pg/u) DHBA as an internal standard. Samp\e
monoamine and uwtabq]ite concentfations were estimated from the peak -
height ratios of known amounts of pure standards and samples to the
internal standard (Sigma Chemical Company). The'detection 1imit was
defined by a minumum peak height of 3 x the width of the baseline. Data
reduction was done on an Apple iIE computer using a program by
J.8. Mitchell (unpublished).

. ) Results

\\ . . N w\s:
Plasima Corticosterone

Data from pups at 3, 7, and 14 days of age were andlyzed using
two-way ahquses of variance (age x stress). The effects of handling- -

and ether-stress were examined in separate ANOVAs, since they represent

qualitatively different stressors, and thus may not be meaningfully

compared. Post-hoc analyses were conducted using Tukey tests. Data from
male and female pups were pooled, since previous studies have not found

any evidence for & sex difference in plasma levels of the steroid prior
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to the onset of puberty (see Meaney et al., 1985).
' . .
Handling-stress.. Examination of the results yielded significant

madn effects for both age, F(2, 97) ='45.02, g;/ﬁOl. and stress, F(1, 97)

= 3.97, p<.05, as well as a significant age x stress interaction, F(2,
97) = 11.52, p<.001. A summary of the ANOVA is presented in Table 1.
Post-hoc analyses indicated that basal leveis of plaéma corticosterone in
Day 3 pups were significantly \;:;r than in pups 7 or 14 days. of age
(p<.01). Moreover, as {llustrated in Fijqﬁf 4, levels of corticosterone
for pups in the control and handling-stress conditions were not found to
differ sigqif1c5nt1y atleither 3 or 7 days of age. A significant
increase in the concentration of the steroid was detected, however, in

plasma from handled pups 14 days of ige (p<.01), as comparéd with basal

“levels, thus accounting for the age x stress interaction effect.

Ether-stress. This ANOVA yielded significant main effects for both
age, F(2, 99) = 45.14, p<.001, and stress, F(1, 99) = 8.5, p<.0l. A

significant effect was also found for the age x stress interaction, f(2,

99) = 14.86, p<.001. A summary of the AHOVA {is presented in Table 2.
Tukey tests perform:d on basal values }evealed that Day 3 pups had:

significantly lower concentrations of plasma corticosterone than'pups 7
4

" or 14 days o1d (p<.01). As illustrated in Figure'S, a significant

increase in plasma concentrations of the steroid was observed only in Day

14 pups following exposure to ether-stress (p<.01), as compa:gd to pups
1n_the cpntro group; no alterations were detected in corticosterone
levels olléwing ether-stress at either 3 or 7 days of age, accounting

“
for the age x stress interaction effect.

lasma B-Endorphin-1ike lununoredttivitx
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Table 1
Ph’iﬁg corticosterore leyels following handling-stress

. Summary table of the ANOVA.
[*8 ™y ,
Source | df ~ Mean Square N3 P
Age , 2 , §60.25 ' 45,02 .001
Stress 1 49.44 3.97 .05
Age x stress 2 143.47 o 11.5% .001
Error : 73 . 12.46
-
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ﬂgure . Plasma corticosterone concentrations in control (C) and-
handled (H) pups 3, 7 and 14 days'old. Statistically reliable difference
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' at *¢ p<.0l. Sample sizes are as follows: Day 3, C=12, H=12; Day 7,
: . Cs20, He22; Day 14, C=17, Hel7. ’

»




y
Table 2 ¢
Plasma corticosterone levels following ether-stress

’

Summary table of the ANOVA

8
Source df Mean Square F P
Age 2 696.51 45.14  .001
Stress . 1 13121 8.50 .01
Age x stress 2 229.24 14.86 .00l &
Error 99 .15.43
1 \ A ~
!
O h L 4
’ ~

"Tf "
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Figure 5. Plasma concentrations ‘of corticosterone in control (C) and

ether-stressed (E) pups 3,.7 and 14 days of age. Sfatistigally reliable

~difference at ** p<.01. Sample sizes are as follows: Day. 3, C=12, E=l15;
Day 7, C=20, E=20; Day 14, C=17, E=21. - '
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Data frgp male and fegale pups of the same age and treatment group
were pooled. since the preliminary ANOVAs revedled no sex differences in

the concentration of plasma B-EPLIR.

Handling stress. Examination of the two-way ANQVA (age x stress)

revealed a significant main effect for siress. F(1, 70) = 19.90, p<.00l..
No.effect was-observe& due to the age of the animals, F(3, 70) = 1.25,
n.s., or the age x stress interaction, F<l. A summary of the ANOVA is
presented in Table 3. As {llustrated in F1gure”6, Yevels of B-EPLIR were
increased following handling-stress, relative to controls, in pups 21
days of age (p<.05). | ‘

Ether-stress. The ANOVA STabie 4) compar1n§ the concentration of
B-EPLIR in control and ether-stressed an1ma1§ yielded significant main
effects for stress, F(1, 134) = 33.29, p<.001, and age), (5, 134) = 4.37,
p<.001. The age x stress interaction term was not significant, F<l. As
can be seen in Figure }, posg-hg; compa;?;ons revealed a significant ,
increase in the plasha concentéation of B-EPLIR following exposure to
ether tymes at all ages, except for the adults g<195. Tible 5
illustrates thepercentage of increase in plasma B-EPLIR in stressed pups
as compared with controls throughout'the study.

. Basal. Given the absence of an age x stress interaction, the a§e
* differences in B-EPLIR could only be investigated bw}cbmparing means
derivéd from both control and siréssed animals. Since this analysis was
considered meaningless, a separate one-way analysis on the basal B8-EPLIR
values was performed. Examination of the results comp&ring plasma
concentrations of B-EPLIR in rats.of different ages was signific&nt. F(5,

59) = 3.54; p<.0L (see Table 6).  As may be seen in Figure 7, further

]
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‘ Summary table of the ANOVA ' N
/ o .
- .. Source df Mean Square E P
Age ' "3 15,565.86 1.25 30 ‘
~ Stress T 1 247,157.21 19.90 .00l |
Age x stress 3 8,374.4] 0.67
\ CError - 70 12,421.56
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Figure 6. Plasma concentration of B-EPLIR in control (C) and

hand1ing-stressed (H) pups 3, 7, 14, and 21 days of age

Statistically reliable difference at * p<.05. Suple sizes are as

: follows Day 3, C=10, H=11; Day 7, C=13, Hxll Day 14, C=7, H=93 Day 21,

C-8. Hs9. NE = not examined. e v Lo /
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Table 4

Plasma B-endorphin-1ike immunereactivity following ether-stress
Summary table of the ANOVA

&

- Source

-Age

Stress

o

Age x stress R

Error

df - Mean Square

5 89,084.05
1 678,169.73
5 " 11,810.78
130 ©20,371.58
* ‘a
S
& :
' {
i

3
4.37
' 33.29
0.58

.001

.001

.
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Figure 7. Plasma concentrations of B-EPLIR in contro) (C) and

etheru-‘-stressed (E) animals., Statistically reliable differences at *

" pe.05, ** p<.01. Sample sizes are as follows: Day ‘:i.'c-lo; E=11; Day'?,
C=13, E=13; Day 14, C=7, E=11; Day 21, C=B, E=14; Day 35, (=9, E=17; Day
63, C=18, E=15. -
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Table § '
Age‘i foﬂzwggcgrte\:::ling ' ” fo?l;:::‘\;‘::hler: , roo
3 : 151, 3. . T 181.1 o
7 | 130.0 | - 210.5 - | -
14 161.2 . - 165.4
21 173.7 . 17209
35 ‘ N - 17523
63 , NE i - 160.1

’
T . .

NE = not examined

R Percentage increase icontrols = 100%) in plasma B-EPLIR levels with

hand1ing- or ether-stress in ra®s. Valyes are based on those presented
in Figures 6 and 7. .
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| Table 6

Basal levels of plasma B-endorphin-like imsunoreactivity

. Summary table.of the ANOVA
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investigation of the difference using a Tukey test indicated that Day 7
pups had higher basal levels of plasma B-EPLIR than adult animals
(p<.01). — c ‘ '

a-Melanotrophe Stimulat{ng Hormone

- Analysis 6fﬂzﬁé-data using a two-way ANOVA (stress x sex) revealed
. i \
no significant difference in a-MSH concentrations between male and female
pups 7 days of age, F(1, 26) = 1.89, n.s., nor was there any effect of

ether-stress on levels of the peptide, F<l (see Figure 8).

Reqional Brain Monoamines and Metabolites

Concentrationd of NE, DA, 5-HT, 5-HIAA, and the 5-HIAA/S-HT ratio
were analyzed separately focbqgﬁes and females, as per each HPLC run,
using two-way analyses of variance (stress x age). Concentrations of
DOPAC were not subjected to statistical analysis, as levels were
generg]ly below the detectable limit. Posféhoc analyses were conducted

\

using Tukey tests.

Hippocampus: Norepjngghrine. "In males, statistical aBalysis yielded

a significant main effect of age in NE levels, F(5, 55) = 30.57, p<.001

(see Table'7). As may be seen 1ﬁ Figure 9a, the difference can be

ittributed tp 3 day-01d pups having lower levels of NE than animals at
each of the other ages examined. Exposure to ether-stress produced no
significant effect, Ekl, and there was no age x stress interaction, F(5,
55) = 1.3, n.s. '

Levels of QE in the hippocampus of Day'3 and Day 7 female pups were

below the detectable limit, and therefore, were not included in the

‘analysis. As shown in Table 8, the ANOVA conducted on values for Day 14.\

21, 35 and adult animals yielded no significant main effects of age, F(3,

45 "
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Concentrations of norepinephrine in the Mpﬁocupus of IG‘M rats

Source
Age

Stress

Age x stress

Error

Table 7

- Summary table of the ANOVA

o3

%

[2,)

55

a7 -

Mean guare.

E
19.61 30.57
0.60.- 0.10
0.9 . 1.23
0.6 '

Vel

.001

.31




/‘Eiggre 9. Concentrations of NE in the hippocampus of control (C) and
ether-stressed (E; (9a) male, and (9b) female rats of varfous ages.
Sample sizes are as foIloué:’Males-‘Day 3, C=4, E56; Day 7, C=4, E=6; Day
14, C=6, E=6; DAy 21, C=6, E=6; Day 35, (=6, E=5; Day 63, (=6, E=6;
Felales--0a¥”3. C=3, E=3; Day 7, c-q; E=5; Day 15. C=6, E=4; Day 21, C=6,

- E=5; Day 35, C=5, E=4; Day 63, C=5, E=6. . wrty

i:; ’ 48
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Table 8

P

Concentrations of‘*‘norepinephrine in the hippocampus
© of female rats '

/
¢ . Summary table of the ANOVA . ’
\ /T .

Source T df ‘ ‘Mean Square 4£ p
Age o+ 1.84 2.40 .10
Stress 1 1.53 2.00 .17
Age x stress ' 3 ;0.61 0.79
Error 28 SRR
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i )\m'

difference in the concentration of 5-HT was detected, F(

28) = 2.40, n.s., or stress, F(l, 28) = 2.0, n.s., or a significant age x

stress interaction, F<l (see Figure 9b).

Hippocampus: Dopamine. Concentrations of DA were below the

detectable 1imit in both male and female rats.

Hippocampus: Serotonin. In male pups, & significan;ffge-related
» 56) = 16-38.
p<.001. As i1lustrated in Figure 10a, the difference appéarg*tg be due

_to elevated levels of 5-HT for Day 14 pups compared with rats of 6lher

ages. The-main effect of stress and the age x stress interaction terms

- were not significant, f<l. A-summary of the ANOVA is presented in Table

9. ’ , : | )

A very different pattern of 5-HT levels was'fouﬁd in the hippocampus
of female rats. The analysis of va?iance detected sigpificant main |
effects for both age, F(5, 46) = 37.12, p<.001, and stress, F(1, A6) =
7.05, p<.01, as well as 2 significant age x ségess interaction, 5(51746)

=-4.26, gf.003 (see Table 10). Post-hoc comparisons revealed a decrease

in 5-HT levels following exposure to ether fumes in pups aged 3 (p<.05),

and 7 days of age (p<.01), but not in the older animals. As 111u§trated
in Figure 10b, the age di%ference can be attri?uted to-greater
concentrations of 5-HT in pups 3 and 7 days of age than in the older
animals (g<;01). ‘Although direct statistical comparisons were not made
since samples from male and female animals were assayed separately,
concentrations of 5-HT in female pups .3 and 7 days: of age were

approx imately- ten-fold greater khan in male pups at the same age, despite

comparable levels 'of 5-HT at the older ages examined.

Hippocampus: 5-3}droxj1ndoleacet1p acid.” Examination of the results

51



Figure.10. Cafcentrations of 5-HT in the hippocampus of control (C) and

_ether-stressed (E) (lOa) male, and (10b) female rats of various ages.

~s

; 4 .
ity S¥ed i st aeinl 1w

Statistically reliable dffferences at * p<.05, %+ p<.0l. Samp1e sizes

are as follow5° Males- Day 3 C=4, E=5; Day 7, C-S E-G Day 14,

C=6, €=6; Day 21, C=6, E=6; Day 35, C=6, E=6; Day 63,.
Day 3, C=2, E=2; Day 7, C=4, E=4; Day 14, C=5, E=6; Day 21, C=6, E=6; Day

35 C-G E=6; Day 63, C=5, E=6.
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X o ' jable 9
Concentrations of ‘serotc_min in the Mppoculpus'of male rats

, ‘ \
Summary table of the ANOVA

Source df - ‘Mean_Square F P
Age : , 5. "19.7 . 16.38  .001 -
Stress - 1 0.01 . 0.0l
Age x stress 5 " 0.49 0.42.
. Error - - 56 1.18
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Table 10

o

Concentrations of serotonin in the hippocampus of female rats

. Source

Age 2

Siress

Age x stress >

Error

-

Mean Square
1,206:23

Summary table of the ANOVA.

236.61
143.13
33.57

E .
.37.12
71.05
4.26

., -

001

.01
.01

-

™
<
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¥

nev’(ealed a significant difference in levels of :5-HIAA in male pups
according to age, £(5, 56) = 18.75, p<.001. As may be seen in Figure
11a, 5-HT metabolism appeared higher in Day 14 males than at most other
ages. Thgr"e were no significant changes in ]evels of this 5-HT
metabolite following stress, howevér. ffl. &nd the agex stress '
interaction term was not significant, F<l (see Table 11).K

In feules.\the ANOVA. yielded a significant effect of age, F(5, 49)
= 2.70, p<.05 (see Figure 11b). As shown in Table 12, the main effect of
stress F<l, and the age x stress 1qteract10n. F(Q, 49) = 1.94, were not
significant. .‘

Hippocampiis: S-HIAA/S-HT. A summary of the ANOVA is presented in

Table 13. Analysis of the 5-HIAA/5-HT ratio in males revealed a

significant main effect for age, F(5, 56) = 9.09, p<.001,

effect of stress and the age x stress interaction”were not significant)

F<l (see Figure 12a). , | ' o

A significant main effect of age was also found for- females, F(5,
45) = 26.70, p<.001 (see Table 14), although the pattern was different
from that observed in the males. As may be seen in Figure 12b, the
5-HIAA/S-HT r,atio increased with‘age. suggesting‘-{t}\'at turnover of 5-HT is

lower in females during the first week of 1life than in older animals.

Hypothalamus: Norepinephrine. Monoamine levels for male rats aged

35'gnd 63 days old are not available for this region, as a result lof :
technical difficulties. Therefore, the statistical amalysis presented
here was conducted on values obtained for male pups 3, 7, 14, and 2] days
old. An exaqimtion of the NE levels in j;he hypotha]ws revealgd 8
significant main effect of age for both ul’es. F(3, 39) = 16.31, ;g;t.OOl.

Yo
L}

' 56

[}




~ ) <,

. y ' 1gu . Comentretions of S—HlM in the hippocampus of contro\ (C) e
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“Concentrations of 5-HIAA in the hippbcanpus of male rats

A ,
Source

Age
Stress
Age x stress

‘ Error

~ Summary table of the ANOVA

df

(3, B ¥

56

Table 11

HLan Square

27.45
0.04
0.67

. 1.45

E p \
18.75 .OOi

0.03

0.46



. ' ' Table 12
Concentrations of 5-HIAA in the hippocampus of female rats

Summary table of the ANOVA . .
Source df Mean Square F [}
 Age ‘ 5 . 9.33 2.70 .03
K ' Stress 1 C2.49° . 0.72
Age x stress 5 6.72 1.94 .10
Error 49 3.46 | ¥
D \\
.
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Table 13 .
- Concentrations of the 5-HIAA/S-HT ratio.
+ *  *{n\the hippocampus of male rats oo ‘
Summary table of the ANOVA ;
Source o« Mean Square f . D ‘
age - s o o0.e7 9.09  .001 .
: . . o
Stress 1 . 0.00 0.00 - - g
Age x stress. 5 0.71 © 0.96
Error 56 0.74
- \ “~‘ )
.
4 [4
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o
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’
Figure 12. Concentrations of the 5-HIAA/5-HT ratio in the hippocampus of
contro) and ether-stressed (12a) male, and (1_2!3'1)r female rats of various
ages. Sample sizes are as follows: Males- Day 3, C=4, E=6; Day 7, C=5,
Esb; Day 14, C=5, E=6; Day 21, C=6, E=6; Day 35, C=6, £=6; Day 63, C=6,
E«6: Female- Day 3, C=2, E=2; Day 7, C=d, Ex3; Day 14, Co5, E=6; Day 21,

" Cs6, E=6; Day 35, C=6, E=6; Day 63, C=5, E=6.
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{
B Table- 14
-Cbncentrations of the 5-HIAA/5-HT ratio ‘
in the hippocampus of female rats
.ok ' : ' Summary table of the ANOVA
C ) p e
Source df Mean Square F P
Age 5 1.82 26.70 .301
"~ Stress 1 0.40 0.59
Age x stress 5 0.44 0.64
Error . 45 ‘ 0.68
1) d
—_— /
S : 64
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and females, F(5, 48) = 25.44, p<.00} (see Tables 15 and 16,

respectively). The effect of ;tress and the age x stress interactions
were not significant in eiéher analysis, F<l. As may be seen in Figures ’
13a and 13b, levels of NE in the hypothalamus of both sexes showed a

relatively consistent increase with age.

. Hypothalamu;:pgopamine. Apalysis of DA levels in the hypothalamus
of male rats rev;aled a signif!cant main effect for age, .F(3, 39) = 4.15,
p<.01, as well as‘a signifiéant‘age x stress interaction, F(3, 39) =
3.64, p<.05. The effect of ether-stress was not significant, F(1, 39) =
2.34, n,s. A ;ummcry of the ANOVA 1s presented in Table 17. \As shown in
Figure 14a, a;—1ncrease in the concentration of DA in the hypothalamus
was present at Day 21 following stress but not in the younger animals,
although the alteration did not attain statistical significance.

In female rats, statistical anS\ysis revealed a highly significant ‘
age effect, F(5, 44) = 29.63, p<.00l, a significant stress effect, F(l,
44) = 18.96, p<.001, as well as a significont age x stress interaction,
F(5, 44) = 5.13. p<.001 (see'Table 18). A significant increase in DA
levels for ether-stressed females at ages 35 (p<.05), and 63 (p<.01) was
also found. Furtherm?re. as illustrated in Figure 14b, DA levels showed
. 8 consistent increase with age: the basal concentration of the

catecholamine was significantly greatgr in mature rats than in pups 3 and
7 days of age (p<.0l).

Hypothalamus: Serotonin. A summary of the ANOVA is presented in

Table 19. Examination of the results for male rats revealed significant
main effects of'age. F (3, 39) = 5.34, p<.0l, and stress, F(1, 39) =

6.95, p<.0l. The age x stress interaction was not significant, F<l. As

65
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Table 15

Concentrations of norepinephrine in the hypothalamus of male rats

: Susmary table of the ANOVA
2 e . e ':«\"(
Source. dF Mean Square F p
Age . \ 3 T 315,07 16.31 .00l
Stress - 1 5.42 0.28 .
‘Age x stress -3 20.39 0.96 .38 ‘
' Error 3 19.32 L.
”~
'Y !
) " 66 .
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Table 16
- Cbbcentratfons,bf norepinephrine in the hypothalamus
‘ : ’ * of female rats
. Summary table of the ANOVA
Source . df
Age = - 5
Stress 1 1.85 0.03
Age x stress 5 . 65,55 ' 0-90
” } . ‘ i
Error 48 - 73.12 . -
A P . °
. .
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| ; 67 Y
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14

Figufe 13. Concentrations of NE in the hypothalamus of control (C) and
ether-strenssed (E) (13a) male, and (13b) female rats of various ages.
" Sample sizes are as follows: Males- Day 3, C=6, E=5; Day 7, (=6, E=6; Day
' 14, C=6, E=6; Day 21, C=6, E=6; Females- Day 3, (=5, E=5; 6ay 7,‘C-5.
E=5; Day 14, C=6, E=5; Day 21, C=5, Ex5; Day 35, C=6, £=4; Day 63, C=5,
E=4. N/A = not available. '
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Source
© Age
! _Stress
Age x . stress « /

Error

r

,

RS
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Table 17

Su.ary table of the ANOVA

.Mean Square ,
7.3,
_ 4.17
‘ 6.47
1.78

in

4.15
2.34

3.64

Concentrations of dopuine in the hypothaluus of mle rats

.01
.13
05

v




i i’ ‘
Figure 14.- Concentrat fons of DA 1n the hypothnaus of control (C) and

ether-stressed (E) (14a) nle. and (14b) female rats of various ages.
§tat1s.t1cnly reliable differences at * p<.05, **p<.01. Sample sizes are
as fbnpvﬁ: Males- Day 3, C=6, E=5; Day 7, C«6, E=6; Day 14, C=6, E=6,
Day 21, C=6, E=6; Females- Day 3, &;

E=5; Day 21, C-6, E=5; Day 35, C=6, E=4; Day 63, C=d, B, WA = ot
available. -

9 S

n

2, E=4; Day 7, C=5, E=5; Day 14, CsS5,
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Table 18

Concentrations of dopamine in the h}pothaluus of female rats

o Summary table g the ANOVA

Source ., ¢ Mean Square - E P
Age 5 56.93 S 29.63  ..001
Stress | - 36.42 18.96 .00}
Age x stress - 5 9.85 5.13 .001
~ Error - 4 1.92 |
’ , :
- ‘ .
]
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A, ,“ ’
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Concentrations of serotonin in the hypothalamus of male

 Source af
. Mge - ) 3
Stre;‘ts 1
Age x stress 3
Error T 39

1

Table 19

Summary tgble of the ANOVA

Hegn Square
12.28 _

15.97 -
v

2.”

F
5,34
16,95

" 0.55

rats




. _
{llustrated in Figure 15a, basal levels of 5-HT in the hypothalamus of
Day 21 males were significantly greater than in pups 3 days of age
(p<.01), although the age-related trend was not as impressive as in
fe|a1es.l Although the concentration of 5-HT in the hypothalamus was .
observed to decrease following exposure'to stress jn animals 7, 14, and
21-days of age, post-hoc analysis with Tukey tests did not detect a
significaht difference.

In female rats, the AHOVA ylelded a significant main effect for age,
E(5, 52) = 20.11, p<.00l. The effect of stress and the age x stress
interaction were not significant, F<l (see Table 20). As may be seen in
Figure 15b, greater concentrations of 5-HT were detected in the older
animals than in pups 3 and 7 days old.

Hypothalamus: 5-Hydroxyindoleactic acid. Analysis of S-HIAA levels

in males revealed a significant main effect for age, F(3, 39) = 18.43,
p<.001. The ef;ect of stress F(1l, 39) = 1.25, n.s., and the age x stress
interaction, F(3, 39) = 1.23, n.s., were not significant. A summary of
the ANOVA is presented in Table 21. As illustrated in Figure 16a, the
concentration of 5-H]AA was found to 3ncrease with age: levels of 5-HIAA
were lower in Day 3 pups than in animals 21-day: of age.

The ANOVA conducted on the data for females q\so revealed &
significant effect of age, F(5, 50) = 11.24, p<.001l, while the main ‘
effect of stress and the age x stress 1nter;ction were not significant,
F<1 (see Table 22). Ks 1lustrated in Figure 16b, higher concentrations
ofﬁthe metabolite w%re bserved in pups|14 and 21 days Qf age. ‘

Hybothalamus: ﬂ-Nl A/5-HT, Aﬁaly is of the S-HIA@VS-HT ratio

yielded a significant main effect for age in ll\CS.’E(3. 39) = 4,05, °

75



Figure 15. Concentrations of 5-HT in the hjpothalunﬁs of control (C) and
eiper-stresseﬁ (E) (15a) male, and (15b) female }ats‘of’various ages.
Sample sizes are as follows: Na}es- Day 3, C=6, E=5; Day 7, C=6, E£=6; Day
14, C=6, E=6; Day 21, C<6, E=6; Females- Day 3, C=4, E=5; Day 7, C=6,
€=6; Day 14, C=6, €=6; Day 21, C=5, E=§; Day 35, C=6, E=5; Day 63, (=5,

! E=5. N/A.= not available. ~
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Concentrations of serotonin in the hypothalamus of female rats

Source

Age

Stress

Age x stress

-Error

- Summary table of the ANOVA

'O.
wn =

LS

T_ablg 20
/

Mean Square .
83.15

1.83
1.97
4.14

“7

78

[hnal

20.11
0.44
0.48

T
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~~  Table 21 .

Concentrat fons of S-hydroxyindoleacetlc acid in the hypothaluus

Source
X%ge

Stress

Age X stress

Error

Av

of male rats

Summary table of the ANOVA '

o
df ’ Mean Square F P
3 53.36 18.43 .00l
1 3.61 - 125 .27
3 0 dse - - 1.23 .3
9 ' 2.90
)

79 R
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Figure 16: Concentrations of 5-HIM in contro) (C) and ether-stressed
(€E) (16a) male, and (16b) female rats of various ages. Sample sizes are
as follows: Males- Day 3, C=6, E=5; Day 7, C=6, E=6; Day 14, C=6, E=6;
Day 21, C=6, E=6; Females- Day 3, (=4, E=4; Day 7, C=6, E=6; Day 14, Cs6,
E=6; Day 21, C=5, E=6; Day 35, C=6, E=5; Day 63, C=5, E£=3. N/A = not

available.
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Table 22

. ‘ Do a ¥
Concentrations of S-hydroxyindoleacetic acid in the hypothalamus ¥
- ' of female rats
- Summary table of the ANOVA
Source df Mean Square F P
Age ‘ 5 95.78 11.24 .001
stress @ l 8.45 0099
Age x stress 5 9.12 1.07 .39
Error .50 8.52_
( 1 . »°
0
, " 82
j )
2, Lo °

. . T,
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p<.05, and females F(5, 51) = 10.53, p<.00l. In male rats, neither the
stress nor the interaction effects were significant, F(1, 39) = 2,11,
n.s., and F(3, 39) = 2.16, n.s., respectively (see Table 23). As shouﬁ
in Figure 17a, the agg-related difference in serotonergic activity'
observed for male pups could be attributed to greater 5-HT turnover in
ether-stressed animals 14 and 21 days of age than in 3 day-old pups
simi)arly treated (E%.OS). As {llustrated in Figure 17b, females also
demonstrated a’&t??gizf tn the 5-HIAA/5-HT ratio with age, as levels 'in
animals 35 and 63 dayi\o1d were lower than in females at younger ages.
The éffect of stress and the age x stress interaction were not
significant, F<l (see Table 24).

Frontal cortex: Norepinephrine. Examination of the results for male

pups revealeé a significant main effect for age, F(5, 57) = B.27,
p<.001. A Sumuur} of the ANOVA is presented in Table 25. ‘As may be seen
in Figure 18a, exposure to stress had no effect on NE levels in the
frontal cortex of males, F<l, and the age x stress interaction was not
significant, F(5, 57) = 1.17, n.s. )
Monoamine levels for female pups 3, 7 and 14 days old in the fronta}
cortex are not available. Results of the ANOVA cofducted on NE levels in
this region for females 21, 35 and 63 ans old are presented in Table
26. Examination of the analysis yielded no change in the co%centration
of NE in the frontal cortex due to the age of the anima].’[(é. 25) =
1.87, n.s., or to stress, F(1, 25) = 1.11, n.s., and the ;ge x stress

interaction was not significant, F<l (see Figure 18b).

Frontal cortex: Dopamine. Peak heights for DA were predominantly

below the detectable limit in samples from both male and female animals.
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- | ; Table 23 - ]
t
Concentrations of 5-HIAA/5-HT in the hypothalamus of male rats
T Summary table of the ANOVA

Source df Mean Square f P
Mge 3 0.38 4.05 .05
Stress . 1 0.20 2an s
Age x 'stress 3 0.20 - 2.16 11
Error 39 0.09
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Figure 17. Concentrations of the 5-HIAA/S-MT ratio in the hypdotMlms °
of control (C) and eth‘er-s}trf}essed (€) £17a) male, and (17b) female rats

of various ages. Sample sizes are as follows: Males- Day 3, C-6, £S5 .
Day 7, C=6, E=6;-Day 14, Ts6, E=6; Day 21, C=6, E=6; Females- Oay 3, C=4, . .
E=4; Day 7, C=6, E=6i Day 14, C=6, £=6; Day 21, C=6, €=6; Oay 35, Ce6,
E=5; Day 63, C+5, E=3. N/A = not available. o - |
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B Summary table of the ANQVA -
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_ -  Source df " Mean” Square.-. F o P
age 5 " l.20, 110.53 .00l
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. Concentrations of norepinephrine in the frontal cortex

9

Age
asi%ess
Age x-st}ess

Error

1

&)

“

~N

-~

L

of male rats -

Summary table of the ANOVA | L ’
Mean Square F P -
5.52 \8.27, .001

0.03
1.17

0.02 - .
“0.78 .33
0.67 - . ' S )
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Figdré 18. Concentrations of NE in the frontal cortex of ‘control (C) and
:;ther-stréssed;(E)'(lea) male, and (18b) female rats of various ages.

. Sample sizes are as fo]lows:‘naies- Day 3, C-). E=6; Day 7.‘C-5. t=6; Day
14, C=6, E=d; Day 21, T=6, E<6 Day 35, C=6, E=6; Day 63, C=6, E<5;
Female- Day 21.' C=4, 'E=4; Day 35, =6, E=6; Day 63, C=5, Ex6.. N/A = not

avatlable.
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S Table 26 T
- C,o'ncem;rations of nore'pinephrine 1n7the frontal cortex
. "~ of female rats v
Sumfy ‘table of the ANOVA
/ ' )
. Source daf Mean Square F P |
Age 2 3.39 1.87 17
. " stress 1 2.02 1.1 .30
Age x stress 2 0.21 . _0.11‘ .
. Error - 25 1481
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Frontal cortex: Serotonin. Analysis of the éoncentration of 5-HT in

this region revea]ed ahstgnificant’age-reIated difference among male
pups, [(5.:59) =‘?4.21. p<.001 (see Table 27). The elevated
concentrations of 5-HT invanimals 63 days old appeared to be the source
of the effect,. as concentrat1on of 5-HT at this age were higher than )
. those found 1n-pups at the younger ages eiamined. ‘Tﬁe-data are
t11ustrated in figure 19a. The main effect of stress. F(l 59) = 2.49,
"'n.s., and the age x stress 1nteraction F<l were not stgn1f1cant //
' As shown in Figure 19b, a significant 1ncrease in frontal corte@
5-HT was observed in fema]es following exposure’ to ether fumes, F(1, 25)
o= 5.16, p<.05. A significant eﬁﬁect of age was also found. F(2, 2;; = '
11,67, p<.001. A sumary of the ANOVA may be found in'Table 28. /The age -~

difference could be attributed-to levels of 5-HT beiﬁé sign1f1cﬂrt1y

lower in Day 21 pups than in‘the older animals examined. No sﬁgnificant~

/

age x stress interaction was ‘detected, F<l /

" Frontal cortex: 5-Hydroxyindoleacetic acid. Anal}sts,éf S-HIAK
concentrations’ in the fronta) cortex of male animals yielded a
significant effect of age, F(5, 58) =14.43, p<.00l (see/Teble 29). A%
may be seen in Figure 20a, comparison of the' means su?éested‘!hat the
effect may be attributed to a 1ower rate of 5-HT metﬁbelisngg\the )
frontal cortex of pups 3, .7 and 14 days old_ than 1p/the older animals.

~

.No d1fferences in 5-HIAA levels were found 1n rats following exposure to
stress. and the age x stress 1nteract10n‘was ngt/significant. F(5, 58) -
T O o ,/
A significant main effect of stress was detected in females, F(1,
25) = 14.49, p<.001, which may be attrie;tEd to qn elevatiqn following' ‘
| v . e '// A ) ’(
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Tab'le 27

s .
A v
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Concentrations of serotonin in the fronta] cortex
of male rats | . - N

"y

. . Summary table of the ANOVA " - - P AN
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; " Stress o . L54 L 249 .12 RS
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Figure 19. lCoric'entrat'.’ior;s of 5-HT in the frontal corfex. of control (<)
and ether-stressed .‘El (19&) n;ale. and (19b) female viat.s of various -
. ages. Samplé sizes are as follows: Males- Day;3. C=7, E=6; Day 7, C=5,
Do~ 'é-s; Day 14, (=6, E=5;/ Day 21, C;-G. E=6; Day 35, C=6, E=6; Day 63, C=6, :-
E=6; Female;- Day 21, C=4, E=4; Day 35, C=6, E=6; Daj} 63, C=5, Es6.
: N/A= not available. ’ |
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Table 28

.Concentrations of serotonin 1!( the frontal cortex
- . of femile rats

Summary table of the ANOVA .

Source df Medn Square E p
Age ‘2 13.89 11.67 .00l
Stress 1 6.14 5.16 .03
Age x stress 2 0.16 0.13 )
Error 25 1.19 ‘ K
N _ //
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" . Table 29 ~

Concentrations of S-hydroxyindoieacetic acid
“in the frontal cortex of male rats
~ - N

1
Summary- table of the ANOVA
¥
Source C L df Mean Square F p’
Age - 5 6.93 ~1a.43 oy
Stress ' 1 « 0.02 0.04
Age x stress 5 0,63 ° 1.31 .27
Error . 58 ° 0.48
. .
 § o \ ‘
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. Figure20. Concentrations of 5-HIAA in the frontal cortex of control (C) ' !
' imd ether-stressed (E) (20a) male, and (20b) female rais‘ of various '
ages. Sample sizes are as follows:.Males- Day 3, C=7, €=6; Day 7, C=5,
E=6; Day 14, C=6, E=4; Day 21, =6, E=6; Day 35, C=6, E=6; Day 63, C=6,
S . N L
E=6; Females- Day 21, (=4, E=4; Day 35, C=6, E=6; Day 63, C=5, E=6.
N/A= not available. . . : T
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exposure to ether in pups 21 days of age (see Figure 20b). The effect of
age. and the age x stress 1nteract10n were not significant, F<1 and (2
25) = 0.14, n.s., respectively. A summary of the ANOVA is presented in
Table 30. , ) /

-

Frontal cortex: S HIAA[S HT. A significant main effect of age on

the 5-HIAA/5-HT ratio was found in males, F(5, 58) = 17.16, p<.00l. As
illustrated in Figure 2la, the effect appears to be due to a greater rate
of serotonin turnover in males 21 d;;s of age than at the other ages
examined. The effect of stress, and the age x stress interaction, were
not significant, F<l. A summary of the ANOVA is shown in Table 31.

A sign1f{cant age-related change Qas also observed in the

5-HIAA/5-HT ratio in the frontal cortex of females, F(2, 25) = 26.07,

p<.001 (see Table 32). As mey be seen in Figure 21b, the effect appears

to be due to a higher rate of serotonin turnover in Day 21 animals than

at the other ages examined. The effect of stress and the interaction

v

term were not significant, f<l.
g
’ Discussion

In the present inve

different response patterf\y, depen?ing on the system examined. The

concentrations of plasma B-EPLIR observed in rats of var1ous'a§es '
indicated that pups respond to stressors witﬁ increased levels of'B-END
dqring‘the early postnatal period, a time when the H-P-A system is
hyporesponsive to stress. In contrast.‘no increase in a-MSH was detected
during this period, suggesting the quiescence of the neurointermediate
lobe in response to stress at this time. Furthermore, an‘jgg;ease in the
concentration of hypothalamic dopam{ne was detected following

i~
N s




Stress

Age x stress

Error

Tabie 30 | \\ \

~

Concentrations of §-hydroxyindoleact ic acid
in the frontal cortex of female rats

' Summary table of the ANOVA ~

'y
df Mean Sgﬂare c F
2 " 2.86 0.47
1 . 88.48 14,49,
2 1278 - 2.09
25 oen

B\

e



Figure 21.

. 4
A .

P
4 ' M
\

( ‘Concentrations of 5-HIAA/5-HT in the frontal cortex of :
control (Cv)' and g’iher-stre#s (E) (21a) male, and (21b) female rats of
various ages. . Sample s'1zes are as i?oﬁlows: Males- Day 3, C=7, E=6; Day
7, =5, Ex6; Day 14, C=6, E=4; Day 21, C=6, E=6; Dag 35, C=6, E=6; Day
63.-‘C'6. ‘E-G; Felbﬂe';-f Day 21, C-4.‘E=4; Day 35, C=6, E=6; Day 63, C=5,

E=6. N/A = nof available.” ~
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_— Table 31 ‘ Co

L]

) »
» ' Concentrations of 5-HIAA/S-HT in the frontal cortex

| * of male rats O/ ‘ ’
. // ' ’»
. Summary table of the ANOVA , T

: ‘
\

-

‘ Soixrcg' - df ‘Mean_Square - F » P . I
‘nge 2.10 17.16 .00 |
0.10 0.83

wn

) §tres§

R
1

Age x stress 5 0.06 . 0.85

Error 58 . . 0,12 .

. v
1
L4
. -
- N\ N B
v~
.
.
- ' ]
f
y
. .
>
° .
—~———
14 2
»
4 °
.
‘ N .
//’ - ¢
* - ‘e . X
a4
’ o -, r
Y -~
A . - ’
v Y -
- v
%
@
. e
i 4
. . A .
- - .
. A}
\V ¢
I
Y —
’ ‘
0 .
[ -
vt .
| &N
') U
. ~
. - L
b -
4 -
» M g -
< » . 0
. / N ~ ‘
. \ v v -
- \ < - .
» ¢




, Concentrations o

r

Source

Age
J f

Stress ©

Age x stress

Error

25 .

L

Table 32
-HIAAIS-HT in the frontal cortex of" female rats
Summary tab]e of the ANOVA

Mean Square.

45.72 -
1.15
1.71
1.75

™

26.07
0.65
'0.98

w

R
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stress-inducing m9ﬁipu1at10ns. but not until the third week of life,
suggesting that the resbonse to stress of the monoaminergic system in the
neonate is different from that of the adult.

| The effects of stress on the H;P-A system in postnatal rats observed
here are consistent with ear)igr reports (see Sapolsky and Meaney,

1986). During the first two weeks of life, a*period wheﬁ plasma and
anterior pituitary levels of ACTH are low (Seizinger et al., 1984; Walker

e§/31;. 1985) and the release of ACTH in response to either CRF or stress
45 diminished (e.g., Walker, Sapolsky, Meaney, §1v1er. and Vale, 1986),

/ no signifiéant increase in the concentratiop of circulating
corticosterone was detecfed. In Day 14 animals, however, the approximate
age at which ACTH release is no longer suppressed, a significant rise in
plasma corticostérone was observed following exposure to both handling-
and ether-éfress.

In contrast to the H-P-A quiescence observed during the first two
weeks of life, a stress-induced increase in plasma B-EPLIR was observed
in pups throughout this neonatal period, as well as at the older ages.
This stress-induced increase in B-EPLIR observe? during the early
postnatal period in the'preseﬁt study sugggs@s a dissociation between
ACTH and B-END responsivity to stress in the neonatal rat, since enhanced

'ACTH release in, response to noxious stimuli does not occur until the
third week of 1ife (Walker, Perrin, Vale, and Rivier, 1986; Walker,
Sapolsky, Meaney, Vale, and Ri;ier, 1986). Furthermore, the results
suggest that the secretiqn and regulation of ACTH and B-END in the pup
during the first two weeks of 1ife in response to stress are not entirely

under the influence of the same factors, as is reported in the clder

[

v 106 o : -
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animal (Govoni et al., 1984; Guillemin et'u.. 1977; Hollt et al., 1978).

The ant1serum used in the present studg recognized both the
acetylated and non-acetylated forms of B-END, as well as B- END-(1- 27),
and recent studies suggest that the pituitary of the newborn rat contains
both forms of the peptide (Alessi et al., 1983; Sato and Mains, 1985;
Seizinger et al., 1984). There fis, however, evidence that the B-END
measured here was in.the biologically active, non-aqefyﬁated form.
Seizinger et al. (1984) reported that the'lnterior Tobe appears to be a
major source of B-EPLIR in the neonate, with concentrations of the
peptide twice as high as those found in the adult. In their study, the
concentration of B-EPLIR in the anterior pituitary increased rapidly
after birth and peaked on Day 3, before declining to adult-like levels
during the fourth week of life. Thus, 1£ is 1h1eresting th&t’the patter;
of age-related changes in plasma B-EPLIR observed in the présent study,
in which greater levels were detected during the first two weeks of life
than in the older animals, closely parallels the changes in the anterior
lobe reported by Seizinger ét al. (1984). Indeed, positivé correlations
were found between the values reported by Seizinger et‘ai. in the

anterior lobe and the concentrations of B-EPLIR in control, r=.63: and

ether-stressed anima1s.‘r=.80. observed in the present §tudy (see Figure

~22a). As in the adult animal, the anterior lobe of the neonate has been

found to consist predominantly of the non-acetylated form of B-END (Sato
and Mains, 1985; Seizinger et al., 1984), an important finding that
shggests that the B-END measured here was the biologically active form of
the peptide. - ¢
‘The developmental, paitern seen in the neurointermediate lobe of the

107



. ( 1 . X\ 2 ' . t\ \ ) 3
. 'Figure 22.. Pearson correlations between the concentrations of B-EPLIR
N reportéd by Seiz1nger.ét\eli. (1984) in the (22a) anterior, and (22b)

neurointermediate lobes of the pituitary, and plasm& Tevels of B-EPLIR

. observed for control and ether-stressed animals of various ages in the
‘ |
present study.
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"lobe of newborn and adult rats’ (Seizinger et a\,

pituitary {is very different from that seen in the anterior pituitary.
Concentrations of B-EPLIR in the neurointermediate lobe have been
reported to increase dramatically beiweenx birth and adulthood (Alessi et
al., 1983; Seizinger et al., 1984). Moreover, B-END-1ike peptides
detected in the neurointermediate lobe during this period are
predominantly acetylated (Sato and Mains, 1985; Seizinger et al., 1984),
and assumed to be inactivate with respect to their opiate-1like
Qroperaes. Interestingly, the concentrations of B-EPLIR observed in the
present study correlated strongly in a negative direction with the wvalues
rlported by -Seizinger et al1. (1984) for the control, r=-.46, and
ether-stressed animals, r=-.86’§§ee Figure 22b), thereby providing

further evidence that the B-END,',u‘ne'asured here was the non-acetylated form

of the peptide released from the anterior lobe of the pituitary. Thus,

the developmental pattern in the anterior pituitary best accounts for the

data obtained in this study.

The antiserym used in this study also recognizes B-LPH, raising the
possibility that the increase in B-EPLIR observed here may have been1due
to an elevation in the concentration of B-LPH rather than B-END. The
ratio of B-LPH/B-END has been reported &s being ilar in the anterior

&984). however, and
equal amounts of B-END and B-LPH have been found in the plasma of adult h

rats following stressful manipulations (de Souza and Van Loon, 1985).

" Thus, the elevation in B-LPH/A-END plasma concentrations seems to be at

least partially due to the increased release of B-END-siz-ed molecules.
These findings suggest that a major portion of the B-;/PLIR measured
here 1s in the biologically active Jnon-acetylated form of B-END- (1-31)
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released from the anterior pituitary. We are currently examining this
qug§t1on by investigating the exact nature of the B-EPLIR material in the
plasma of the neonate. Separation of B-LPH- from the B-END-1ike material
in plasma of control and stressed animals is being conducted using G-75
colunﬁs,‘fo}lowing Sep-Pak extraction. Radioimmunoassays will then bé
conducted on the endorphin fraction using antibodies for either total
B-EPLIR or- acetylated B-END. By subtraction, the results will determine
the prqportion of acetylated and non-acetylated forms of B-END released
in response to stress during development in the rat pup. Following the
above discussion, one would expect that the concentration of total
B-EPLIR would increase fo1low1ng’stress-inducing manipulations, as
observ;& 16 the p%esent study, while the radioimmunoassay for the
acetylated forms of b-END would show little or no increase.

In the mature rat, a-MSH haslbeen reporfed to be released into the’
circulation in response to‘sq}ess (Akil et al., 1985; Khorram et al.,
1985). Since the neurointermediate lobe of the pituitary is a major
source of this peptide in both the neonatal and adult rat (Sato and
Mains, 1985; Usategui et al., 1976), the observation that the plasma
concentration of the peptide in 7 day-old pups was not altered fo]lowing
exposure to ether indicates a lack of responsiveness to stress b& this
region of'the p1tu1tary‘dur1ng the early postnatal period. Moreover,
$ince a-MSH is reported to be secreted concomitantly from the
neurointermediate lobe with B-END following stress (Akil et al., 1985),
this ;1nd1ng provides further evidence that the stress-induced increase
in plasma B-EPLIR }ound here in young pups was indeed of anterior

pituitary origin, and not from the neurointermediate lobe.
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In the present study, the absence,of an a-MSH response to stress by
pups occurred despite evidence tpat contrdl of the neural and
1nternédiate Jobes of the pituitary by'hypothalamic dopauineeneurons is
present during the first week of 1ife (Davis, .lichtensteiger, Schiumpf,
and Bruinink, 1984). Since projections to the median eminence also‘
originate from cell bodies in the arcuate pucleus. the developnentaI’
profile of prolactin (PRL) might also be e ected to resemble thaf of
a-MSH. lndeed similar levels of serum pr( 1act1n have been reported
during early deve1opment in the rat (DoRTer an (tke. 1975), and no
alteration in levels of the pept1de has been f6;;: in response to stress
before the third week of life (Fenske and Wué}ke. 1977; Johnston and
Negro-V1lar. 1986; Negro-Vilar, 1983;‘Djeda. Jameson, and Hcéann, 1976).
The inhibitory dopaminergic tone on PRL secretion has been reported to be

present n the neonatal animal (Negro-Vi]ar. 1983), and DA receptor

blockers have been observed to cause PRL release as early as postnatal

Day 1 (Becu and Libertun, 1982).

The suppression of ACTH during the early postnatal period appears to
be due to exaggerated glucocorticoid negative feedback on p1tu1tary
corticotrophes (Sakly and Koch, 1981; Sakly and Koch. 1983). This has ‘
been sudgested to result from the developmental pattern of the
glucocorticoid receptor systems in the pituitary of the yodng pup
(Sapolisky and deaney. 1986; Walker, SapoIsky.-Heaney. Vale: and Rivier,
1986). Throdghout'the postnatal period, adult-like concentrations of the

Ofpe and Mctwen, 1976). ln contrast,

cytosolic receptor, the predominant glucocorticoid receptor in the rat.‘
exist in the pituitaryi(

concentrations of pitugtary CBG and CBG-1ike receptors during this period
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are Jow (Sakly and Koch, 1981). In the absence of these secondary (T

receptors, which serve to buffer the cell .from co;-ticosteroqe. the
steroid that is. preien&\is more 1ikely to be transported into the c.eH'.
The result is ln amplified cor_ucosi'erone signal on the pitu1tary,' vfhich
in turn serves to suppress ACTH secretion from frpe gland. Thus, in
ndrem}ec'toﬁzed neonatgs. where corticosteronea has been removgd. there
is a profound increase in plasma ACTH in response to stress (Walker,
Sapolisky; Meaney, Vale, andé Rivier, 1986). Again, it is_1interesting that
4 stress-induced 1ncréase in 8-endorphin {s observed during this peridd
of exaggerated glucocdrtfgoid neéative feedback. thus underscoring the
dissociation 1n the control ove\\the release of these POMC-der ived
peptides during the neonatal perfod.

Glucocorticoids are a central feature of the stress vTesponse. as
they play an important role in helping the organism to cope with noxious,
sti-uH and assist in the re-establishment of homeostatis. Therefore,
the period shorng\ after birth, during which the H-P-A system of the rat
;s hyporesponsive to stressors, uy appear to be counterintuitive
Nowevcr. studies on the effects of glucocorticoid administration during
the first week of life have pointgd to the adaptive value of th1s .

mechanism. Although low levels of corticosterone are necessary for the-

normal development of the animal, high levels of the steroid in the

"neonate have been found to have growth-inhibiting effects. Thus,

glucocortihcoid treatment in pups t;as béen reported to lead to‘per:manent
reductions in b%dy size (Cotterrell, Balazs, and Johnson, 1972; Howard,
1968; Howard and Benjamins, 1975; 01ton, Johnson, and Howard, 1974;

Schapiro, 1971), brain weight (Cotterrell et al., 1972; Gumbinas, Oda,
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and Huttenlocher, 1973; Howard, 1968; Howard and Benjamins, 1975) and
cerebral DNA (Howard, 1968; Howard and Benjamins, 1975). Glucocorticoids
have also been found-:to cause a reduction in brain gangliosides and |
sulfatides (Howard and Benjamins, 1975), leading to a decrease in
neuronal myelination. Suppression of mitotic-activity (Cotterrell et
al., 1972; Howard, 1968) and impaired immunological response (Schapiro
and Huppert, 1967) have also been reported. These biochemical effe&ts..
have been found ‘to have behavioral consequences, as g]ucocort}coid-
treated rats have been repérteq to display decreased motor coordination
(Howard and Granoff, 1968), as well as delayed startle reflex and
swimming development (Schapiro, 1971). Therefore, the stress
hyporesponsive period appears .to serve'::\important functibn by helping
to protect tae animal against the pégsible deleterious effects of ’
changing hormone levels during this period of rapid CNS growth and

deve lopment. )

High levels of B-END during the perinatal period have been proposed
to serve the function of rendering the animal better able to cope with
the trauma of delivery, and helping it adjust to the change of
environment by rgEﬁiating physiological functions such as temperature an;
respiration (Gianoulakis and Chretien, 1985; Moss et al., 1982). The
endorphins have also been proposed to{serve a Erophic function, although

.to date the evidence is mostly circumstantial. iThe strongest support fis
for an 1nf1uence of B-END on the development of the CNS, as B-END
immunoreactivity has been found within the spinal cord and motor nerves
of fetal and postnatal rats and is"undetectable beyond the fourth week of
1ife (Haynes, Smith, and Zakarian, 1982), while at the same time -
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adult-1ike concentrations ;f opioid receptors in this region exist

(Kirby, 1981). ﬂplnes and Smith (1984) have described the b1;chem1ca1

mechanism for a ﬁg:rotrophic effect of B-END at the neuromuscular
Junction, that involves an enhancement of cholinergic transmission

*/7 ‘ through the suppression of acetylcholinesterase activity by B-END. High

" levels of B-END immunoreactivity and py-type opioid receptors have also
been found in other central and peripheral tissue 16 the ;at pup (Bayon,
Shoemaker} Bloom, Moss, and Guillemin, 1979; Kent, Pert, and Herkenham,
"‘“’I?B?EfUnnersta]l. Molliver, Kuhar, and Palacios, 1983). Moreover, the

rate of appearance of opiate binding §1tes in the rat is higher between
the mid-fetal .stage and postnatal.Day 21 (Clendennin, Petraitis, and
Simon, 1976; Spain, Roth, and Coscia, 1985), a period during which much
neurological developmeqt takes place. , )

Interestingly, there is evidence suggesting that the unperturbable
levels of a-MSH during the postnatal period observed in.the present study
may serve an adaptive function. Since a-MSﬂ has teen found td stimulate
glucocorticoid secretion during development (Dupouy, 1982; Challis and
Torosis, 1977; Llanos et al., 1979), the lack of a-MSH responsiveness to
stress may protect the pup from the catabolic effects of high levels of
circulating glucocorticojds during a‘period of accelerated growth and

‘ development of the CNS. ‘
Taken together, these findings suggest that selective processing of
- pituitary hormones occyrs:tﬁat favours_the production and release of
potentially trophic peptides and suppresses those considered to be
n;urotoxins to the deQeloping animal, Thus, during the early posgnataI

.- period, release of B-END occurs in response to stress, while no
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‘ in an increase in the concentration of DA 1n~hypothdlam1c nuclei in

~

alteration in levels of c1rculqt199 corticosterone or. a-MSH are seen.

Altﬁough a neurotrophic function’for B-END appears likely, t;ere are
also reports that endogenous opiates in the brain may have deleterious
effects duringw%evelopment such as inhibition of neural growth, and the
delayed appearance of behaviors such as eye-opening (Zagon and
McLaughltn, 1983). Moreover, high levels of-‘B-END in the neonate have
been reported to depress resﬁiration (Chernick and Craig, l982)t/>nd have
been implicated in the etiology of apnea in the human neonate (Hindmarsh
and Sankaran, 1985). It should be emphasized, however, that the high
concentrations of B-END observed in the present_study represent
peripheral levels of the peptide, and may therefore not exert such
catabolic effects on brain tissue. Clear]}. further investigation is
needed to determine the function of the stress-induced elevations in
B-END during the postnatal period, as well as to deternqne if B-fND cé]ls
in the brain are responsive to stress.

Following stress, a .nonresponsive period was found with respect to

hypothalamic 39pam1ne activity, that corresponds to the quiescence

‘observed in the H-P-A axis. Although exposure to ether vapors resulted

s

animals 21 days of age and older, no significant response was detected
during the early postnatal period. Some support for this finding comes
from a study by Johnston and Negro-Vilar (1986), who found no change in
neuronal dopamine synthesis in the median eminence of Day 13 rats
follow1ng.a 5-minute exposure to ether fumes, although DA metdbolism in
the area was increased. The }ack of stress-responsiveness is adaptive,

@

since DA has been reported to suppress cell mitotic activity in the
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pituitary during developmentp(nyc;ter and Stepien, 19?7). Thiszé?;:;:;s
further support for the notion that mechanisms exist during developnent’
which favour the growth of the organism, by pr;viding an'dptima]
environment within wﬁich anabolic processes may take place.

No other consistent stress-induced changes’in‘brain moﬁoamines were
fqund. in spite of the sensitive assay procedure employed, and the
age-related changes detected. Ai?erationsl1n monoamine levels follewing
stress are difficult to detect, as evidenced'by the lack of .consistency
in the literature discussed earlier. Iﬁves;igations on stress and
monoaﬁines have used different stressors, and employed a range of
techniques'in the analysis of samples. The time course of alterations in
levels of the monoamines following stress is also an important factor,
and one that varies considerably between invest%gations. In the present
investigation, a period of 5 minutes following the onset of stress was
selected, similar to the interval reported in previous studie;. - Ia the
future, however, systematiéﬁﬂnvestigation should be conducted on the

course of stress-induced changes in the monoamine systems, especfally in

' the neonate, if a clearer picture of these systems is to be obtained. It

is also possible thaf'the lack gf a sidnificant amiﬁergic response to
stress in the present study, especfally the more robust a1teraf10ns such
as those reported in the noradrenergic system, may be due to a rapid
increase in the synthesis o% the amines as a re5u1f of decap{tatioh.

which would serve to mask stress-induced changes (7. Slotkin, personal

.communication, November 14, 1986). Thus, in future studies, animals

shall be injected with a catecholamine-synthesis blocker, such as’

a-methyl peratyrosine, prior to bicod sampling.
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The amount of 5-HT in the hippocampus of female pups during the
first week of life-was éouhd to be l?ﬂOSt’tEn-fO]& greater ihan levels
seen in older animals of the.same‘séx: Furtﬂfrmorg,/a sign1f1ca6t
decrease in 5-HT levels following ether-stress was seen during this
period 1n'fema1es.'suggest1ng increased release of the monoamine. A sex

difference in brain 5-HT was also reported by Ladosky and Gaziri (1970),

- although the timé period of the effect differed. They found the amount

of 5-HT in whole rat brain was comparable betweén the sexes until Day 8,

rising §1gn1ficantfy in females on Day 12. In the present study, levels

3f 5-HT in the female pups dropped dramatically by Day 14, at which point

they approximated the concentration observed in the malés. A very

‘ différent pattern of 5-HT was seén in developing male pups. Serotonin

\J
levels were significantly higher on Day 14 as compared to pups at the

other ages, although the effect was not asﬁdramatic‘as thathzzﬁlfor the

females.

The striking elevation in S-ﬁT 3eve1s observed in females during the
first week of life occurred despite a report by Hojets and Cotman (1984)
of a lower density of serotonergic fibers 1nnerva£\ng the developing
hippoc&mpus at this age th;n in the older 8n1ma1s. Female r&ks appear to
have greater 5-hydroxytryptophan decarboxylase activity than do males
neonatally, however, thus possibly accounting for tHe higher
concéntration of 5-HT (Hardin, 1973). It is important to note, however,
that(the concentrapion; of 5-HIAA in the hippocampus were within the same
range for male and female rats, suggesting that although female neonates
exhibit higher levels of brain 5-HT than males, the elevated

concentrations may not be funb%?onally important.
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No sex differences in ihe concentrations of 5-HT were found in the '
hypothalamus, which is consistent with the investigation of Watts and
Stanley (1984) demonstrating no such differences in 5-HT or 5-HIAA within

" the hypothaTamic-preoptic area and midbrain raphe region of ‘male and
\'femdie rats throughout development. Concentrations of frontal cortex

* 5-HT were similar in male and female pups examined, and were found to

4

increase with age.

Some 1investigators (Chumasov, Konovalov, and Chubakov, 1978; Lauder
and Krebs, 1976, 1978a, 1978b) have reported that 5-HT stimulates cell
growth and differentiation, and accelerates the formation of
neurOQ{l;911a1 interrelations, myelinization of ghe axops; and the
formation of interneurcnal synapses. Depletion is associated with a
retardatﬁon in brain groch (Hole, 1972; Patel, Bendek, Balazs, and
Lewis, 1977). while injection of 5-HT directly 1nto the albumen of
incubating eggs has been found to increase the rate of protein synthesis
in the brain (Ahmed and Zamenhof, 1978). Interesting]y. central 0y
mechaniZﬁs have been found to favour tryptophan accumulation in the brain
during the early 1ife period (Bourgoin et al., 1974), and are thus
consiszent with the trophic effects of 5-HT.

Th;s. in the present "study, evidence was found suggesting that the
dgveloﬁmental course of monoamine§ and peptidés favour the gréwth of the
Animaf. Consistent with several earlier reports, no chanbe in plasma
corticosterone was observed fo116w1ng stress prior to the second week of

life. In contrast, a significant, stress-related increase in plasma

B-EPLIR was found in pups during the early postnatal period. These

results suggest a dissociation between the adrenocortical and B-END

¥
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response to stress during the first week of 1ife. It is further
suggested that the B-END measured here was the opioid-active form of the
peptide secreted from the anterior pituitary. Support for this
hypothesis was provided b& the finding\figtya-MSH. a peptide s;creted
predominantly from the neurointermediate lobe of the pituitary, was not
altered in the plasma of neohates following stress. Examination of
monoamines in various brain regions following exposure to ether-stress
revealed a suppression of hypotha1am1c'dopam1ne until the third week of
1ife, when an elevation in dopamine content’was observed. Furthermore,
age- and sex-related differences in cerebral monoamines were detected, -
particularly eviqence of elevated concentrations of serotonin in the
hippocampus of female pups during the first two weeks of life.

The results of this study support the notion that concEntrutjons of
peptides and monoamines in the neonate are différent from those observed
in‘thé adult, and that the neonate responds dif?erently to stresﬁfrs than
animals at oldef ages. This suggests that the effects of early
exﬁerience on functioning in later 1ife may not be assumed to be a result

of mechanisms similar to those operating in the mature animal. Rather,

effects of exposure to stressors during the ‘early postnatal period may be -

" the result of a different pattern of alterations, one that is adaptive in

the context of the needs of the growing organism. Further studles are
needed in order to elucidate the exact nature of stress .on various

systems during development.
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