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‘development of the adrenal axis with respect to jﬁ; ®

ABSTRACT

The objective of this research was to characterfz@g‘pg' :

development of the reproductive axis and to determine if

‘activation of the adrenal axis affects’ the function of the
o {\ .

reproductive axis of the*gilt.

In the first study, 178-estradiol receptor \ f;ﬂ~‘,‘rl

".} . a

concentrations in the cytosolic f{action of’regions of : thez.ﬁ
Wy

hypothalamus and pituitary were determined at 4 wk Gt
oA
intervals from 4 ﬂb 28 wk of age. No significant changes
J .
(P>0.05) in receptor concentrations with-age were - ‘HQ‘.;

detected.
In the second study development of the Circadian s

rhythm of cortisol was monitored from 4 to 28 wk of age
@ M

xbe profile ofmcortisol progressed from non—rhythmic at 4 ﬁ

wk to adult rhyt mic profiles ?t 28 wk con31sting of a N
A

morning peak small afternoon peak and evening trough

Non—cortisol binding globulin bound fractions of cortisol

g ., o
' closely‘mirrored total cortisol profiles.j‘; - ﬂ)

g’
In the third study 56 gilts were a331gned to four o

treatments consisting of one 1njection of

‘Z‘adrenocorticotropic hormone (ACTH), ten inJections of ACTH
‘of their respective saline vehicle controls. There were no
"effects (P>0. 05) of ACTH on, basal or on estradiol |

“f‘stimulated luteinizing hormone plasma concentrations.

A :
‘,Injection of 40 10 ACTB had no effect on subsequent plasma

Ce oy

Ay s e
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‘COncentratlons of“unStlmulated cortisol dﬁ

{ v '." N ' N ‘i ' . :
‘Q‘d;Ih the fourth study, growth curves for the heart, -,
o o ' .

ylluhgs, spleen,,lxver, kidneys, thyroid pineal, adrenal

3ﬂ§iands and reproductiLe trhct 1nc1ud1ng the components,

"'uterus, falloplan tubes and oVarxes were determ1ned in v

v

gilts from 4 to 28 wk of age. Relatxve growth curves for

the'reproductlve tract components were b1phas1c and

[ )

1ncreased while for all other organs relative growth was:

A
‘-constant or decreased with age. Hlstologxcal examinat1on

N

"of the adrenal cortex, xncludlng zonal thlckness and
nuclear to cell volume ratxos, faxled to show 1ncreases

that mxght be assoc1ated with growth Spurts observed in

thevrgproductlve tract. R
Theré& was no ev1dence from these studles to suggest
that. any component of the adrenal axls dlstal to ACTH

", -

release has an effect -on reproductlve development in the

gllt.  “ . , o - o o ,
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"I. INTRODUCTION

THE NEED FOR EARLY PUBERTY

One area of concern that continueS"to océupy
researohers involved 10 swine production is that of
reproductive inefficiency. Increasing. female reproductive
efficiency is probably the most effective way of

v

increasing the profitability of a swine herd.(English et
«'éi. 1978). Contributing to reproéuctive inefficiency in a '
swine herd is the high ;eplacement rate of sows with young
gilts. The annual sow replacement rate is reported to
”1avefage 40%, but varies greatly fgpmwmemd to herd even in

countries advanced in swine productién such as Denmark,

~‘0n1ted States and Canada (Nielsen 1980; Chrwstenson 1986) .

,,, E

In modern swxne production systzzé, hogs reach market
wexght between 90 and 100 kg llvew ght at an age of .
approximately 150 d.'Tf nepldcement~gilts are to be

- selécted ffom‘the pgol oftmafket“hoge, few if any gilts
will have }eaChed first eStrus by'this time (English et
al 1978). Under feed and management systems commonly
employed in’ ﬁnrope and North Amerxca, first estrus is
reported to ocong~at an average of approxxmately 200 4 of
age (Dyc&ﬁ}é?l;.Anderson and Melamgy 1972). Under
oommefciai'ewine production systems larger numbers of
qilts than are actually requ1red for sow replacement are

withheld from market to ensureCthat the requlred number of

- s
H

repiafements are obtained If tradztlonal methods of swine

-

. » 4
. . N
S -
. » )
. ', .
. - .
3 \ . .



production are followed, the recommendation is to wait —_—
ﬁntil second or third estrus before selection and mating
occurs‘(Jamieson 1978; English et a%. 1978). Any gilts not
selected for breeding at ﬁhis time would be sold as market
hogs. Financial losses to.thé producer result from housing
and feeding these surplus gilts and also because of the
loss in carcass quality when these heavy hqgs, not
‘selectedvas‘breediné stock, are returned to the ngﬁet
chain. Clearly, a more ;Eficient system of obtaining herd
reblacements would be bepeficial. A

The recémmendation to éelay breeding gilts until the
third estrus is based on the assumption that Qvulation
rates increase with each subsequent estrus up to the third
or fourth estrus after puberty (Robertson et al. 1951;
Zimmerman et al. 1957; Haines et al. 1959). However, Dyck
(1971) suggested that ovulation réte remained constant

es. Thg\method used to

over the first three estrus cy

determine ovulation rate by gfany researchers involved

s}aughter og the gilts at the third or fourth estrus.
Ovulation rate at the timefof slaughter was estimated by
counting the humbe}‘of cofpora lutea while ovulation rate
.for previous estrus periodqs was estimated by counting
corpora albicantia. Dyck (1¥71) suggested that some of the
,éorpora albicantia were not tected, accdunting forftﬁe
estimated lower ovulation rate for prevfous;estrus
éeriodé. In spite of this controversy, it has been

estimated that egonomjc advantage may still remain with



— e,

)

the earliest possible mating (MacPherson et ;l. 1977).
The iéealZSWine production system would be one. in
which gilts cycle at least once by the ﬁime market weight

is feached. Final seiection for herd replacements could
then take plaée a£ this time, from a potentially larger
pbolaof animals and from gilts that ‘are known to have
cycled. under such a system it may even be advantageous to
breed at first estrus, selecting gilté for replacement
frdm those that conceive, and returning the others to the
market chain before carcass quali;y has decreased. In
order to accompiish this goal however, those factors that
may reduce age at first estrus must be identified and
their effects optimized.

FACTORS AFFECTING AGE AT ONSET OF-{BUBERTY

ngjinement

Confinement housing, accompanied by intensive forms of

)

" animal production generally impréve overall managemeht and

efficiency of swine production systems. However,

éonfinement has been reported to be detrimental to sexual

development in gilts (Christenson 1981). Christenson
(1981) observed that the percemtage of gilts with regular

estrous cycles from 2 to 9 m of age was consistehtly lower

for confinement-reared gilts compared to

nonconfinement-reared gilts.

;Thére is evidence to suggest that social factors mayA

Be_@nVolved in thé‘effects of confinement on reproducﬁion.



Ford and Teague (1978) reported that when floot space was
restricted to one-half the space allowed to control gilts,
average age at first estrus and number of gilts reaching |
estrus was not different. The number of gilts housed per
pen howeuer has been found to affect reproductive
performance. Christenson (1984) observed that the number
of gilts that were cyelic at 9 m of age was higher when ®
housed in groups of 9, 17 or 27 as compared to groups of 3
(78, 80 or 81% compared to 57% respectively). On the other
hand Cronin et al. (1983) reported that when gilts were |
housed in.groups of greater than 50, reéroductiue
penformance was depressed. Chrxstenson and Ford' (1980)
ha suggested that the increased levels Of stress
asgeciated with some aspects of confinement housing may
ease adtenocorticosteroid production which could be

sponsible for delaying onset of puberty and reducing

expression of estrus.

‘Season
wiggins’et ai. (19590) were the first to'report the .
effects of.seaSOn'on swine productien. More”reeently,
Scalon and Krishnamurthy (1974) studlng the extent of -
reproductlve Eract development 1n gilts at market weight,
reported that gllts slaughtered in the  Summer showed less
:development than those-slaughtereq dur1ng,y1nter months.‘ .
Similarly; Ch;istenebn11198lireporteé that the incidence ”
of normal estrous eycles at 9 m of age was less for gilts

T .
LB,



reaching maturity during the summer than during the

H -

'winter. In addition, this effect was observed nnder both

confinement and nonconfinement conditions of housing.
However, Tomes and Neilsen (1979) have observed tnat the

delay in age at puberty was more pronounced under warm

“humid conditions than under cool dry‘ones, thus

implicating temperature or possibly humidity as the
determining factor rather than season.‘Even phase of tne
moon has been reported to influence age at first estrus
and conception rate in dairy heifers.(Rof et al. 1950), It
is apparent that'manf environmental factors may have an
effect on the reproducti#e process, either singly or in

concert.

Light
Long photoperlods have been reported to 1ncrease the
incidence of behavxoral estrus, decrease age at puberty,

increase ovulation rate and 1ncrease litter size

(Rlotchkov et .al. 1971). With regard to- reduc1ng age at

LY

‘first estrys, the effects of long photoperlods‘have evoked

\__\0

much. controversy. Hacker et al. (1974),'Ntunde'et»al
(1979) and biekman and Hoagland (1982) have reported that

long. photoperiods reduce age at-farst estrus whereas

.‘others have reported no effect (Kelly et al. 1982) or

‘negatiVe effects (Dufour and Bernard 1968)
: ‘The lack of agreement in the lzterature makes 1t

difficult to- draw conclusxons concerning the effects of



\

photoperiod on onset of pubarty. However, the inconsistent

‘effects reported in"the literature point to the

A

possxbxllty that parameters of light other than
. . " ' i
photoperxod may be 1mportant There is 1d€§easing eV4dence

that the major effects of envlronmental lighting may. be to .

provide a "zeitgeber" or txme glver to cue'fhythmxc
o=

processes 1nvolved in hormone release (Menaker et al.
1978). All ofithe above researchers in studylng the.
effects of llght on reproductlon 1n the gxlt have
neglecfed the cueing functlon of light in entra1n1ng
physiological processes. Researchers 1nvestxgaéxng the |

complex effects of environmental factors 1nclud1ng light3

-

temperature, season, soc1al cues and feeding are requxred
to take into con81derat10n this aspect of control by
~environmental rhythmlc1t1es s1nce each of these has been

shown to be a potent zeitgeber to various physiological

. i
t

‘processes (Bunning 1973).

Nutrition _ o -

)

The results of experlments of the effects of feedlnq -

.,

reglme on age at puberty have been variable.’ Only a severe

reduction in feed intake (about 50% ad llbitum)" ‘

|

s1gn1f1cantly 1ncreased age at puberty (Haines et al

"1959). Wlth intermedlate levels of feed restriction (about

75% ad 11b1tum) inconclus1ve results have been obtained
In some . cases age at puberty was increased (zimmerman et

‘al. 1960; 0'Bannon et al. 1966). whzle in others it vas .

SN
N



Lonset of puberty. Cunningham et.al. (1974) reported that

t

decreased (Self et al. 1955; Aherne et al. 1976): or was
not changed (Sorenson et al. 1961-”Friend 197%). ~”d a
review of the literature Anderson and Melam;y (1972)‘
reported that restricting energy intake delayed puberty by

an average of 16 d in nine experiments while in five other

studies puberty occurred an average of 11 4 earlier

.Comparisons among these studies were difficult however,

since there were many confounding variables including the

level of restriction, age at which the restriction was

,applied and whether energy intake or total feed 1ntake was

' restricted. In an effort to minimize the 1nf1uence of

these variables, den Hartog and van Kempen (1980) appliedl'
Statistical'adjustmgnts to selected studies. The results
of their review indicated that restricted gilts reached

puberty 9 d younger and 19 kg_lighter thanvfull—fed gilts.

- Kirkwood and Aherne (1985) in a reV1ew of the effects of

nutrition on puberty in the gilt ‘have suggested that under

*

normal conditions of feeding and management, nutrition

' %ill have minimal effects on reproductive development.

The effects of nutrition on the onset of.puberty can

-be factored into the effects of the different

characteristifs of the diet such as energy density of the

ration, protein content, protein to energy ratio ahd even

'amino acid composition. Holness (1972) ‘has 1mp11cated

N

an increase in crude protein from 10 to 14% decreased age-‘

R _ ’ 4

-

‘deficiencies of individual amino acrds 1n the delay in the _@ fg,

f_grh
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at first estrus by 18. 9° d whereas O'Bannon et al (l966)

suggeated that a high energy intake was assoc1ated with

"hincreased growth7rate and earlier onset of puberty

V'Increased feed intake may also be’ accompanied by an ';“ *n

|l

fn

1ncrease in mixed function oxidase activxty which results .

‘in increased sterord metabolism by the liver (Dziuk 1982).

In addition, changing adipose ‘tissue stores, dhaer

conditions of increased fat turnover ‘or mpbilization could

'.release stores of sterOids to the plasma (Hillbtand and

fiElsaesser 1983) and increased 1evels of body fat have been

assoCiated with- increased aromatization of sterords (e g.

"androgens to estrogens) \in adipose tissue (Nimrod and Ryan

1975) The final result could be a temporary or perhaps

prolonged change in steroid milieu with a correqunding

alteration in reproductive function. . g

‘ Boar Bxposnre

The first recognized and documented effects of the

‘mere presence of the male animals" changing the-

reggoductive status of female animals wasfreported for

vvmice and termed the "Whitten effect" (Whitten 1957). The

‘Whitten effect 13 reported to be due to the production‘bff

r.unidentified non-ster01dal, androgen-depeqdent pheromones&

s
o

1n the urine of males that accelerate sexual development

‘ " . k

“1n Juvenile females, 1nduce estrus in.anestrous females

L“;and alter duration of estrous cycles in cycling females S

.[(Bronson and Whitten 1970). n swrne, a similar effect of[;

g C e : L
‘\ c g
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Ythetboar[on the induction of«puberty in éiltshhas‘beeni
noted In swine, it. has been reported that. exposure of
prepubertal gilts to matur% boars induced an early, onset
Aof puberty (Brooks and Cole 1970- Bourn et al 1975;
"Thompson and Savage 1978 Kirkwood ‘and Hughes 1979)
It has been suggested that pheromones,‘respon51b1e for
‘,chemical communication among many other speCies (Wilson
: and Bossert 1963), were responSible for ‘the. boar effect in
,the reduction in age at first estrus in gilts (prooks and
~Cole 197 Booth 19753). However there has not been
F_definite}jdentification of the chemical compcund ‘
responsibie‘for this effect in swine. The compound
S-alpha-androst-IG-ene—3—one; the‘principle~COnpound found
in boar urine responSible for 1nduc1ng standing behavior
in female pigs and boar odour 1n“pork meat (Melrose et al
1971) was found not to be the factor respon31ble for early
induction of puberty‘(Kirkwood and'Hughes'l980).<The _
compound S-alpha-androst 16—ene-3-one may be merely a =
éhemical "releaser" responsible for immediate behavioral
responses (Wilson and Bossert 1963). Many other |
steroid-based potent1al pheromones have been«identified o
chemically but few have been investigated as to their role B
in puberty inductbon (Thompson et al 1972). It is also
possible that sources other than the urine, such as saliva
‘h from the submaxillary glands may be the source of the S
pheromones that exert effects on the endqcrine and .

reproductive—systems responsible for onset of puberty

B /‘.
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Transport and Stress

One effect'on gilts that is conﬁounded with boar .
'exposure, apart from the as yet unidentifled pheromones,"
'is that of the stress 1nvolved in mzxzng gllts with mature
. boars. Bourn et ‘al. (}974) reported that the
'transportation or hercing of giltS'fromuone area‘to_
another'was at ieast partia;iv responsible for the earlier
L onset of puberty. It‘wap also concluded hy Thibault et al.
) (1966), Slgnofet (1972) and Zlmmerman et al. (1974) that
the movement or mixing of’ an1mals does in itself have an
:effect on early 1nductlon of puberty-quite apart from that

'1nvolved w1th exposure to the boar. Certaxnly, w1th m1ce

1t has been shown that stress by restralnt can Sk

bl \

“.re-establxsh normal estrous cycles in otherwxse non cyclic

@
females, 1ncrease litter sizes and 1ncrease the inc1dence

10

of conceptlon in cycllng fema!@@ (Paris and Ramaley 1974). a

: Therefore, a varlety of experlmental c1rcumstances have

| 1mp11cated stress as a factor whlch 1nfluences onset of

o puberty

; .

' STRBSS AND THB ADRENAL CORTE%/

One of the predomlnant effects of applylng a stressor '

- to an a’s 1ma1 1s that 1t actlvates the adrenal corté%'

Stressors that are not traumatlc such as 1mmobilization or

h,exposure to cold are as effective at activating the



‘adrenal cortex as life threatening situations such as
‘hemorrhage or: exposure to potent toxins (Suzuki 1983).
éven psychological stressors such as exposure of pigs to a
novel environment are reported tel be as effective as
'physical stressors in activating release of hormones from

»‘the adrenal cortex (Dantzer and Mormede 1985) Thus,.

- activation of the adrenal gland during transport stress
and perhaps . boar exposure may play a role in the early
”onset of puberty in gilts - .(
‘mwumconmmmnowcmon.‘ L

The influence of’ the adrenal cortex on, the function of
'the hypothalamo/pituitary/gonadal axis is still poorly i
understood Activation ‘of the adrenal gland by |

. adrenocorticotropic hormone (ACTH), which is 1tse1f
‘ released'from the anterior pituitary gland by’

corticotropin releaSing factor (CRF), results in the

v release of ster01d hormones from the 1nner two zones of

a3

Lt he adrenal cortex,.the zona fasciculata and the zona
'reticularis (Sayers and Portanova 1975) - ‘The outer zone,v.
(“the zona glomerulosa secretes mineralocort1c01d hormones
'and is largely independent of pituitary control (Long
}f1975). Production oﬁ the- two other classes of adrenal

'(hormones, glucocortic01ds and sex sterozds, is confined
‘7Afmainly to the reticularis:and fasc1cu1ata and it 4s “‘

'*generally considered that both classes of these ster01ds

5?:;can be produced by each of these layers (Vinson and Kenyon R




..}978)f

| Steroid‘productiOn~b§'the adrenal‘corter islindeed
varied and in mammals 1ncludes various estrogens such as
estrone and estradlol 175 ’androgens such as
‘dehydroeplandrosterone, testosterone and androstenedione
“and glucocort1c01ds such‘as cortrsol and cort;costerone,
(Long 1975) The exact ratio of steroxds produced xs'
spec1es dependent For example, in the rat the predominant
glucocort1c01d is cortlcosterone whereas in man and the
domestlc pig. cortlsol Ls-predomlnant (Vinson and Kenyon.
1978). Hacker et al. (1973) reported that 12 wk old pigs
housed at 20 c had serum concentrat1ons of cortlsol o
three to four tlmes as hlgh as concentratlons of
cortlcosterone (2 9-vs 0.9 ug aL llf Informatlon
regardlng sex ster01d produgt1on by the‘adrenal.glands’o£¥
‘the plg is lackingfi; | o |

There ‘are many reports in the llteraturelwhxch suggest

that not only may the adrenals affect the reproductive
' axis by means of ster01ds unlque to the adrenals but also
tthrough productlon of sex ster01ds. For example, Cutler

and Lorlaux (1980) have calculated that the adrenal cortex

u_produces 10 ug of estrone per day 1n addltlon to the

f25 ug of estrone that arises by perlpheral conversion; ‘
of adrenal androstenedlone. Adminlstratlon of 1arge

famounts of aromatlzable adrenal androgens (Kraulis et al.

' 1978a) or deoxycortlcosterone, ‘an adrenal glucocorticoid
. y ¥

'*“”(Kraulzs et al 1978b) have been reported to advance the f-

h .

s
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Onset’of‘puberty'in‘female rats andito‘invoke‘an LH surge
in‘estrOgeneprimed animals. Thus it seems that"adrenal

hormones directly, or their metabolltes formed in a
peripheral tissue, such as adipose tlssue, may play a; role

‘in maturatxon of the hypOthalamo/pltuxtary/ovarian axls

\

gleading to early onset of puberty

Further evxdence for the role of the adrenal glands in
the onset of puberty has resulted from studles conducted
‘with”the rat‘(Gorsklxand Lawton 1973). These authors.

Ao

‘observed'that‘puberty wasvSignffféantlyfdelayed‘by

,adrenalectomy,at.IS or 25 4 of age puthnotvat 35 4 oﬁque;
.Adrenal'autotransplantathh at lByd of age prevented th
delay in puberty but was ineffective in the 25fddold

,.

\group They suggested that 1n the rat there is a perlod

"between 25 and 35 d of age during whlch adrenal secretlons

A

‘play a major role in the maturatlon of the,
hypothalamo/pitu1tary/ovar1an ax1s. Also, since adrenal

autotranSplantatlon 1nh1b1ted the adrenalectomy lnduced

-‘delay in pubertyﬁonset and adrenalzdemedullat1on had no

;apparent effect upon puberty, the adrenal factor

‘.‘responsible for these actxons appears to be of cortlcal

f‘“origin rather than a- catecholamlne from the medulla.

h“' T . o B s Ly - ' O .
. b . Yo . o v . o Ve . . A M. ' i
et ! "\ o o ’ ,’ ‘ : oo : ' :
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The hypothalamo/pitu1tary/adrenal axls undergoes

“Vprogressive maturatlon durxng growth of an anzmal ina

I
A

»
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x These pxtu;tary hormones in turn act upon exther the e

'

. release of neuroﬁormonal releaslng factors, cort1c0tropin‘

- synthesxs and releaﬁe. These éterold‘h6rmones feed baqk,

2o i,
;- rhythm show;ng statlstlcaily 31gn1f1cant danrnal variation o

\IW . \’1"

’ ' g . . o
ah Y . ' I ' ' Ty 14
Y 2 : N ‘ A
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Both‘axes 1nvolve parq§£1patxon of the hxgher nerve |

-

centres of the braln,’wh1ch Lnfluenee synthesms and S .

»-

N

. «
releaslng factor (CRF) for the adrenal axxs and - |
\ . r
Ty ‘ . "P‘ e . ‘.“,
gonadotropxn releas1ng hormone (GnRH) for the reproduct;w\e0

[
' r

axfgg(F1ﬂk and Phll 1979 Saﬂow l979)n Releasing factors“Q}QHF;
i AN
act upon dxfferent cell ‘types m t‘he anterior pxtuxtary f‘.to o

o ,“ _‘ U ‘A Sy, il. | "‘ o

'mreﬁease adrenoco?tlcotrop1e hormogs (ACTH)'(adrenal axzs) fﬁw

; ‘n,"l kﬂ' 'f. . ,.‘;»."“M

| ox th? 9°“ad°ﬁf091n9.,lutelnrz;hg hormone (LH) and" T

. P [
R e t ..-,q“\" P o

follxcle stlmuiatxng hormone (FSH) (Deproductive axﬁs)" . ,
’ Wt AN T
‘. . 1 ) . ‘J&{‘”H ‘
Q ot \ i ‘
adrehal g%ands or gonads td 1ndUCe steroid hormone‘ & ‘; e
. ot e

]
[

: ‘ T St o po -
through both long loops/and short loops, to moderate “‘,.’ L
‘ PN 4 ! I
hormone release at several sites id the axls tRamxrez }"a“s:w
2 ) 1 )

1973, Sayers and.’ Portanova l9ﬂi). ) }a, R ,ﬂeﬂf_. " !

' , [ et 3 st e AN
:

The development of tﬂe adrenal aﬁiE can be monltoréd ffﬁkf .

- A

byffollow1ng the, emergencepof the rhyth)xc releaee ofﬁth& O

A N L U L . : I.'. R

major glucocortlcoxd‘ Im the rat the‘corticosterone rhythm

L ‘ L

has been~3hown to gradnallv‘deveiop a’ distlnct dlurnal
> N )&,»‘\ '

AR
‘\. w .

w'.a'

at approxlmately 21 d of age and maturndé into adult

opentpg) at 35 d of age (Takahashx et al 1979Y* .
: R %
human,‘maturatlon of the adrenal axlslisuaccompalie&-bﬁ w%

the development and the'gqo%th offthe zonei




rrn contrast to the proé}esslve develOpment of the
adrekhl axls the reprqductive axis appears to develop in
distlggt spurts Estrogen concentratlons in the female rat

are. reported to rapidly increase from bxrth, reaChlng a

peak at 21 4 of age, decrease to baseline and then-

ﬁnorease again at vaéindl'opening, at 35 4 of age (Ramaley
1979). Slmxlar proflles have been reported for the human

(Ojeda,et al. 1980) and for the gilt (Diekman et al.

'1983) jf - !

Accordang to the, gonadostat theory (0Ojeda et al. 1980)
the‘flfst 1ncreese ln plasme estrogen oonoentrat1on is a
result of increased release of LH and FSH since at this
early age the estradiol negative feedbéck is relatively

V)
weak. Shortly thereafter, as the negative feedback effect

matur ecomes meximally effectlve, basal .

gonado ro:é$ilevelg drop precipitously folioweqiqggg
decrease in serum estrooen concentrations., From thxs point
‘until puberty;‘tﬁere is a progressive decrease in the
negative feedback effect of estradiol on gonadotropin
'release. This allows serum -gonadotropin levels to
gradually 1ncrease and ovarian development progresses to
the poxnt Yhere the p031t1ve feedback effect of estradiol
triggers an LH surge and ovulatlon occurs. At this point

-

behaviotal estrus is displayed and puberty is said to have

1
/

'been achleved
In add;tlon to thé gonadostat theory of sexual

‘ ‘.ma@u:atxon other hypotheses have been suggested in an_

i ‘
\ o
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‘attémpt to.acooUnt for other physiological eQents leading
to the final maturation of the reproouctive axis. These
theories, as feviewed by Raﬂaley (1979), include the
neuron theory, receptor theory, neuron modulaﬁion
thebries, peripheralhinterconversion of steroids theory,
catechol estrogen theory, critical body weight or |
composltlon theory, and the involvement of the adrenal
axis. More recently the circadian pacemaker theory has
been suggeeted by Lehrer (1985). ’

Most of these theories ?ave been based on studies
centered on‘sexual maturation of the rat or human female.
In swine credibility migot be given to the role of the
adrenal axis in determiningﬁthe maturation of the
feproductive axis since it has been repeatedly
demongtrated\thanstress, possibly through the activation
of the adrenal a*is, is effectioe in inducing early
puberty. | ’

' To date there has been little resea;ch into the
effects of the adrenal axis on maturation or function of
the hypothalamo/pfiuit;ry/ovarianfﬁkis during puberty in
gilts. Althodgh much reseach has been conducted into the
relétionship of these two axes in the rat and human,
results have been inconclusive (Ojeda et al. 1980).
Therefore, one objectlve of this .study, was to map the
development of the adrenal axis with respect to the

development of the reproductive.axis in maturing female

swine. The second objective, was to determine if

16



activatxon\of ‘the adrenal axis by ACTH could altef thé

N
pattern and magnitude of LH release by the reproductxve

axis.

17
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I1. ESTROGEN RECEPTOR CONTERT OF REGIONS OF THE
# ' HYPOTHALAMUS AND PITUITARY OF THE GILT

FROM FOUR TO TWENTY-RIGHT WEEKS OF -AGE
"INTRODUCTION

Many‘theories exist to explain the centrql mechanism’
,responsxble for the onset of puberty (Ramaley 1979; Ojeda
et al? 1980) Kato (1980) has.suggested that the lack of
. steroid receptors in the juvenile mammal‘prevents feedbach

" 4n the areas of the brain’ responsible for the regulation ' P

/
¢

" of reproductive function. It-has been shown that .the ' ,
¥ ' g

hypothalamic and pituitary content of 1l78-estradiol
receptors (EZR) increases with age in the developind

female rat (Kato et al. 1974). This increase in E2R‘
v \ . T LR 5@ ’

content of regions of the hypothalamus regulating the ‘52 ‘ &

release of GnRH would result in an increase in.response to

estradiol, ultlmately_leadlng_to increases in gonadotropin
(e

N

releaae, follicular development and first estrus. .J- .

K Within ‘the hypothalamus of the adult female’ rat

s -

significaé@ concenttatlons of EzR have been found in_ the
preoptlc region of the anter1or hypothalamus and thewdA
median emlnence of the central hypothalamus.(Vertes et.al.
1973). These are also the respectlve sxtes at which the

’ posltuve and negative feedback effects of estrad101 on
GnRH releasg are thought to occur (Ramirez 1973). The

'anterior pituitary, another s1te of gonadotropxn control @

S I —
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also contains concentrations of E,R that‘incregge prior

to sexual maturity (McEwen 1976). | ) - A
Unforﬁﬁnately, most'the§ries concerned with puberty

onset and the role of EZR in the various‘locations‘of

the brain have been based on data collected from rats. The

quective of this study was to determine whether changes

in EZR content occur in the anterior, central and

..posterior regions of the hypothalamus and in the anterior
\'and;pdsterior pituitary in gilts, from 4 wk to 28 wk of

' age‘.‘ v

.9
"

A N

; )
1 MATERIALS AND METHODS

~

'Thirty—give Yorkshire x Landrace gilts were randomly

selected at weaning. Housing consisted of straw littered

concrete pens in an enclosed, ventilated building

-maintained at 20°C throughout the trial which was S

conddéfédvfrom August to January. A starter diet

-1

ontalnlng 18% crude proteln (12.7 -MJ -DE kg ™) was fed

from weanlng at 4 wk unt11 20 kg live weéight. From 20 kg

‘?to 50 kg 11ve weight a grower diet ‘containing 16% crude

protein~(L3.2 MJ DE kg-l) was provided and frqm 50 kq to

the end of the -trial animals were fed a 14% crude protein
-1

- . -

(13.3 MJ;DE ggv ) flnlsher diet. The compos1t10n as well
as analysié of these wheat, barley and soybean based diets 5}
are listed in the Appendix (Table-f, Table 2 and Table 3).

Throughout the trial both feed and water were available ad

-
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11bitum Feed intake, determined on a pen basis," as well

as live wexght was recorded weekly throughout the study.

Every 4 wk from 4 to 28 wk of age a group of 5 animals

[

was slaughtered. After stunning with a captive bolt gun,
the carotid arteries were severed and the head removed:
‘The skull‘wasﬁopened and the ventral 'brain exposed. The
pituitery gland, iying in the sella turoica was idéntified
and removed and the anterior pituitary (AP) was separated
yfrom the posterior pituitary (PP);‘The hypothalamus was:
removed and separated gnto 3 blocks terned the enterior'
hypothalamué (AH), centfdl hypotnelamus (CH) and posterior
hjpothaiamus (PH). In this study the AH contained the
preootic area‘and optic chiasm as well as the anterior

hypothalamic area. The CH contained the‘median eminence

.

whlle the PH contalned the mammillary body Thlckness of
the blocks ranged from approxlmately 4 mm 1n the 4 wk old
animals to 8 mm in the 28 wk old animals. Tissue blocks
ueighed from 0.2‘9 to 0.5 g.lImmedi;tely afterdisolation,
all tissues were placed in gmall plastic vials, snap‘l
frbzen and stofed”in liquid nitéoéen until'assayed for
‘receptor content. o T “ o

Y
The cytosol was prepared 1n the follow1ng manner with

.

all operations carrled out at, 0-4° 'C. Tissue samples

‘were’placed frozen, dlrectly into 4 mL of homogenlzation7
buffer (10 mM Tris-HCl l mM EDTA, 3 mM sodlum azlde, 10
% mM sodlum molybdate, 10% v/v glyebrol, pB 7. 4 at 22° c,

3 mM dithiothreitol added Just before use).

-
eé . e
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Homogeni%ation toaok place in a glass—giges hand - BT
honogenizer:(BOStroKes) on ice‘followed bp two pinses‘of

1 mL each of buffer. Tha.homogenate was centrffuged at . \
1900 X g fdrnlo min and the‘resulting supernataht:wae |
centrifuged\at’ldo,oob x"g‘for 60 min to yield the

supernatant éytosol fraction

For the bxndxng assay 200 uL of cytosol was added

to 1.5 mL plag ic tubes (Eppendorf) Trltlated estradlol

'was then added to these tubes in a 50 uL volume of..

homogeniiation buffernsuch that final incubation
. \ : ' ' .
conCentrationsvranged from 0.05 to 5.0 nM. The

(2,4,6,7,16,17-H)estradiol-178 (140 C/mmole,

Amersham), initial y 'supplied at a purity of greater. than

.
98%, was used as the tracer ster01d without further
. V. .
purlflcatlon .To determlne the amount of non—specxflc

‘ b1nd1ng another 1dent cal set of tubes was prepared but in

which an addltlonal 100 fold excess of unlabelled

‘Adlethystllbestrol was ;dded The tubes were then vortexed

'41ncubated at. 37° C for 3Q:/min to exchange steroids,

rapldly cooled to 4°C an 1ncubated overn1ght To

k separate free from bound ter01d 500 uL of 0.1% dextran

(Dextran 500 Slgma, St L UIS, MO, USA), 0.1% BSA (Slgma)h

and 1. 0% charcoal (Neutra11 ed Sigma) in 4° C

~‘homogen1z1ng bufferfwere added to each tube contaxnzng

;cytosol After vortexlng, tubes were 1ncubated for 10 min

at.4° C-and centrlfuged at 12, 300 x g (Eppendorf 5412‘

1 m1crocentr1fuge) at 4° C A 500 uL allquot of the




‘supernatant'was placed in a 6 mL scintillation vial and
counted in a lxquxd scxntlllation countlng system. .

’

. To serve as a receptor posxtlve control, pig uterus
kwas.lyophllxsed pulver1sed and stored as a powder at

0 4°cC. Determinatlons conducted on thxs material—were
used'to determlne coeff1c1ent of varlatlon between assays
‘Thisg procedure has been. described prevxously and the T
materlal was shown to be stable for per1ods of t1me in mh
exqesstof'G months (Koenders et al. 1981). ?he proteln

“ . -

_content of the c9$q§81 samples was determined by the |

method of Lowry et al (1951). Bovine serum albumin (BSA,

fractlon V‘ Slgma) was used as standard

For receptor quantlfxcatlon and aff1n1ty determlnatlon
the data waS'analysed by the method ofchatchard as
descrlbed by Braunsberg and Hammond (1981). Specific

bindlng of estradlol 178 to unoccup1ed receptor sites

wwas expressed in fmol mng. -1 of cytosol protein. The

results of the binding assaYs and Scatchard analysis.of
receptor concentration were evaluated by two way analys1s
of variance with repeated measure and dxfferences A
evaluated by Student-Newman-Keuls' test (Steel and Torrle
‘1980) Since only one determinatxon could be conducted for
the pooled PP tlssue samples these results were not

1nc1uded in the statxstical analy51s.

33



. RESULTS
‘The.relationship between number of receptors detected

per tube,and concentrat;on'of protein in lyophilizedp

uterus used as control was found to be linear over the

boa

concentration range normally encountered in the assay.

(Fig“II 1). These determinations resulted in a

‘ coeff1c1ent of varlatlon between assays of 9.9%.

Saturatlon curves for tlssue samples from the AH, CH,

1

PH, AP and PP are shown in Flg 11.2. From these curves 1t

was obseryed that the range in concentrations of tritiated

estradiol used for these binding as8ays was appropriate

and fully saturating at the highest corncentration.

Scatchard plots‘indicatiné the affinity constant (Ka)
%btalned for representatlve samples of the same tlssues
are shown 1n F1g I1.3. Concentrat1ons of estrad101
receptors in the 1nd1cated regions of. the hypothalamus and

p1tu1tary from 4 wk‘to 28 wk of age as’well as pooled Ka’

values .are presented in Table II l There was no

~significant change (P=0. ll)‘1n receptor content with age;

-however AP E2R concentratlons were 31gn1f1cantly greater

‘(P<0 001) than those of ‘the tissues AB CH or PH (10 41 +

141vs648+089 674+067or617+058fmol“‘
-1

o mg~ proteln). . f

Age at flrst estrus for gxlts housed under the same

‘ cond1t1ons asfanlmals in thls study was 205 8 * ?K4 d_fw:‘

‘ (mean +. SEM) gChapter V). o ) . .ﬂ¥< ‘_'f;‘

.
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DISCUSSION . "~

0 ’ r

It'has'been shown in théﬂrat, that the anteriOr

A

"pituiqéry and ovary are capable of functlon far #n advance

’of the age ‘at which sexual maturity occurs. Included in
this maturatlon is the abxlxty of the ovary‘to respond to
gonadotropln (Rennels 1951) and the ab1l1ty of GnRH to
release LH and FSH from the anterlor p1tu1tary (Odell and
dSwerdloff 1976). Thxs early maturlty extends to the GnRH .
d'produc1ng neurons in the hypothalamus It has been shown |
‘that GnRH produclng neurons contaln large contentratxons
"of . GnRH (Araki et al.fl975) as‘well as being in clos;

AM“proXimity to a functional portal system (Florsheim.and
Rudko 1968) well 1n advance of vaginal openlng.‘ |

[ \

From these and other f1ndings it 1s qulte clear that

B maturation of all levels of the reproductlve axls from the

}gonads up to but not 1nc1uding the release of hypothalamlc
‘stores of GnRH occurs well in advance of flrst.estrus. o
jHowever, these stores of relea51ng hormone can be released
'by administerlng exogenous estrogen or electrlcally
dstimulating spec1f1c¢areas of the braln (Barraclough

f‘[1973).

rof the reproductzve axls distal to GnRH release also
‘;applies to the gilt as wellcas the rat In the gllt the

;f:anterior pituitary is. clearly able to produce

gonadotropins as early ‘as’ 3 wk of age (Chapter V). fAlso,

| Thls same concept of functronality of all components S
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admlnlstratron of‘GnRH can xnduce ovulatlon (Schill1ng and
lCerne 1972) and admlnlstratxon of estrogen .to gilts of at’
least 16 wk can 1nduce estrus and ovulatxon. (Hughes and
Cole 1978). |

lmplicated in the effects of estradiol on”GnRH release
:are EZR The role and actlon of E2R 1n the 1nductlon
of cellular responses: has recently been rev1ewed and
revxsed (Walters 1985). Slnce 1t has been establxshed'that
the quantlty of receptors occupled determlneslthe response
,of a partlcular tlSSUe to a hormone‘lt would be expected
that an lncrease in. receptor ‘content would be }ssoc1ated‘
_w1th an 1ncrease in responsiveness of the tissue |
‘(Mulv1h111 and Palmiter’ l977). In the rat-lt has been
establlshed that a gradual lncrease;ln hypothalamic E2R
' content of the cytosol fract1on occurs, ‘Teach1ng adult '
levels shortly'before vaglnal openlng (Kato et al. l974)m
It has been suggested that puberty is delayed for some -
" time after apparent maturatlon of the pltultary and gonads
rdue to the lack of EZR 'in those regions of the |
vhypothalamus respon31ble for the effects of estrogen on
gonadotroprn release (Ramaley 1979). ‘
‘ From the present study it appears that there is _no
fprogre831ve 1ncrease in receptor concentration content in'
~‘any reglon of the hypothalamus or p1tu1tary dur1ng sexual.j
'zmaturatlon of the gilt. If the g11t was similar to the ;vt?
‘.rat, 1t would be expected that the preoptxc area, found 1n uifvi

:the Aﬂ, and responsible for the positive feedback effect

w -



yof estradlol on GnRH release (Goodman 1978) would have a

L

gradual increase in receptor content Instead relatlvely
constant EZR concentratlons were found in the gxlt

except for minor'fluctuatlons (Table I1.1). These constant

‘levels of EZR were also found in the CH,\the reglon°1n\~

which the negatxve feedback' effect of estrogen on GnRH

release in the rat is reported to be locatedaand in the

~

' PH, a reglon not thought to be a slte of gonadotropxn

control (Ramirez 1973). "
Similar1y> no progre881ve 1ncrease in. EZR was.
detected in the AP (Table II 1). In the rat a. progre531ve

1ncrease in E2R content of the anterlor pltultary

‘occurs, reachlng adult levels at 28 days of age (Kato

1980). The presence of E2R in the posterlor p1tu1tary

whas not to the author s knowledge been dlscussed

'vpreviously Slnce txssue samples were so small ‘'samples

“trend to decrease from 10 to 1 fmole mg

‘:; ﬁmﬂ
‘ W :
‘Wi(l982b). Both studles by Diekman and Anderson suggested

had to be pooled for. one determlnation of EZR'

gtherefore, the role of PP receptors ‘as well as the general

-1 protein at the

e

_time oﬁ first estrus remA1ns to be conflrmed

c‘

general lack of an increase in EZR as found 1n

and Anderson (1982a) and Dlekman and Anderson .-'

| this s;rdy is. conszstent thh earller results reported by~

,,.-.

.pdthat no increase in reCEptor content of the whole
“pituitary or whole hypothalamus took place durlng

“thaturation of the gllt Apart from the general lack of

\
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.change w1th age in E R 1t 1s not possxble -to compare xn
detall the E2R concentratlons 1n the preSent study with,'
those reported by Dlekman and Anderson (l982a, l982b)
because of dlfferences in the assay, and me;hod of B R
‘reportlng the results Dlekman and AnderSon (1982a, l982b)
hdld not use a molybdate buffer, known to prevent

[

\ajdegradatlon of receptors durzng assay (Walters 1985) and

.
. ' I/.
their assay was conducted on ‘'whole hypothalamus txssue '

. samples whlch d1d not anlude the preoptlc area Further,-'ﬁ
t

these authors reported the results as fmole receptor per -

‘mg wet welght tlssue and not 1n the preferred conventlonal‘

.‘ ‘ay

' units of fmolelper g cytosol proteln.‘ -

| It 1s apparent hat development of‘the g11t is .‘*l
'd1fferent from that of the female rat w1th respect to
‘development of E2R levels in’ the hypothalamus and -
.p1tu1tary It 1s p0531b1e that reglons of the. bra1n other

than. the hypothalamus may have more 1mportant control overh'

I

o gonadotropln regulation by EZR regulated neurons. For

}example. 1n the rat. large quantltles of BZR are’ also

. found in the amygdala (McEwen 1976). In addltlon to uptake

of estradlol by receptors 1n thzs area, there also exists,ni
““s1gn1f1ca%t concentratlons of androgen receptbrs. It is
ithought by some that uptake of steroxd as. androgen and

iy

“Vintracellular conver51on to: estrogen may have a role to"
_ ; ,

play 1n the change 1n feedback SGDSIthltY during puberty ,d:

.lij;(Kato 1980). It remalns to be determined however if

‘”ffusimilar patterns of E2R locatxon occur in the gilt or in




o

i

fact if these reg

gonadotropin regulation or. the attainmentvof puberty.

»r

Sy
gt

5

o ‘ "‘ [T ‘l-.'. N ‘.
ns are involved in the initiation of"

39



.40

S (TT1°0=d)
vu: mumna XM 0z pue X

- : nmﬂoz caxv

xmwmm Buo . ‘sTewyrue m EOuu vwaooa mwaasmm 0mmmqa q
pa31o939p ‘'sem sbe 03} uomammu Yy3ITM. 3OUdIDIJIP. u:muﬁuacmum ON: m
m e xumuasuﬁm uoauwu:m pmmoxw chum>uUmno umm mﬂmsucm mlc m

o o (Va)
- e
N o
MmN~
+1 A +]

<
o~
0.
-
+1

- ozre o 6'€

omm..‘\‘ £z

+1.

S 0T 8T

+!

+1

v 10 F 6y z F8'v - T0F9y - eN
8¢ “g T F Sl TTRes wo;ﬂ.mim w_‘,mﬁw‘
1T . 9T v w9l pUT ¥ m.muan,ww N £F: a m ‘_mmmw.;w.

w
©
o
~
+1
.

.

X
@
-
+I

SSUARRET 23 O 2 SN 12

(=)
—
—t
(e o]
o
i
B
.
[Tg]
™
.
-
+

.mum“m‘_ YRS qﬁum__mm.

o~
.
4
o~
~
o
+1
o
<
=)}
o~
.
+1

6w m,..ﬂ+i¢.¢,. e

(o2}
(Ve
-~ W
o
4+
(o5}
[Te]
N N
.
|+l

“
+|
~
o

Tvis srrFos v

A

- mnoﬁwwumOm

10T193UY

" 101193504 ‘ﬂMMuewpwmu.muw‘woﬁnwucﬂ‘

,‘thvw?uﬁm‘

T - U 2

R mﬂEmamnu%mwmmm.m;,.,‘m..wim_w mmwm

mnmuﬂsoaa c:m m:EmHmzuomxz mnm md A:amuOum 01108034
muOuHmomu T0TPRIISO-GLT JO (WHS + cmwzw suQT muucmocoo

mmm mo XM g2 ou v o i3 muﬂuw 3o -
- _Bw yowmyy) . . o
1°II 91q%%



\
\

Thé"relationshipfbetweén ébhéeqtration
'of 178-estradiol receptors (E,R) detected

' and amount of protein in the assay tube for

[

lyophilised uterus used. as the control tissue.
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Fig. I1.2 = Saturation curves of the specific binding of

tritiated éstradiolfl78 from 0.05 to 5.0 'nM
. ‘ by cytosol from the anterior hypothalamus
‘(AH), “central hypbxhalamus (CH), posterior

hypothalamus .(PH), anterior pituitary (AP) and
. o . LR

posterior pituitary (PP) tissue samples.
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Fig.

11

3

';points,'

Examples of Scatchard plots of the

specifically bound to free ratio of tritjiated

‘estradiol—l78-(B/F) vs specifically bound

tritiated estradiol-178 (E, Bound

“picoMolar) for cytosol from the anterlor, S
hypothalamus (AH), central hypothalamus (CH), '

‘ posterlor hypothalamus (PH), anterlor

pltultary (AP), and posterlor p1tu1tary (PP)‘

i

' indicatlng 4phe affinlty constant (Ka) obtalnedhl

"4 .
by fxttlng a regression line through the data

1
\
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IIX. DBVBLOPHBNT OF TBE CIRCADIAN RBYTHH OF PLASMA

YCORTISOL IN THB GILT FROM WEANING UNTIL SBXUAL HATURITY

v
4N

INTRODUCTION

Most physiological'processes, 1nclud1ng hormonal

release, occur in a. rhythmlc fashlon. In the mature adult

”‘a distlnct diurnal rhythm 1n the release of adrenal

Hsteroxds has been shown for most mammals 1nclud1ng the
"mouse‘(Luce 1971), rat (Allen and. Kendall-l967), human o
”(Weitgman et al l971) and cow (Fulkerson et al. \1980). ln‘
“sw1ne a circadxan rhythm has been reporteg for both mature‘
v‘ sows (Bate and Hacker 1985) and boars (Fonda et al .1981).
Although release ‘of adrenal sterolds in the adult 1s

‘clearly rhythmic, development of thlS rhythm is a gradual
J‘process, maturlng as the 1nd1v1dual grows and matures. In’

‘?the rat, plasma cort1costerone concentratlons are low ande

v ‘non-rhythmic in the'neonate and gradually 1ncrease both in

”-,amount and rhythmlc 1nten31ty as the anlmal matures .

E(Takahashl et al 1979). In the human 2 31m11ar perlod of
‘f'development of the rhythm takes place although basellne

"(levels of cortisol are hzgher than 1n the rat (Franks ,31‘

‘nff1967). There does not appear to be 1nfgrmatlon avallable

;‘don the maturatzon of the rhythm of adrenal ster01d release”'
%]in s?ine. e . '. d | , | . o
Despite the fact that the exact role of the adrenal

“fhormones 1n the maturat;on of other organ systems has not"



52
‘been clearly def1ned there is''some ev1dence that these
‘hormones can affect development of the reproductive axis
lGorskr and‘Lawton l373). ln.addltlon,‘the presence of the
.rnythmlc componentoofwadrenal hormone output has‘oeenlpy
‘.associated'with normalaestrous cycles.and fertility'(Paris'.
"apand Ramaley 1974). :‘,‘ o o d o o o
In order to study the 1nterrelat10nsh1p of the pr |
repxdductlve axis and adrenal axls.w1th respect to’ pubertyil
and fertlllty'of the gllt, an understand1ng of the normal
w’schedule faor maturatlon of;adrenal hormone output 1s
reQuired;‘The objective of the.present study'wasvto
<characterize-the‘dewelopment‘of the circadian rhythm ofp
?‘COrtlsol release in thejgilt from 4 wk of age to 28 .wk. of

age.

Hhi'ERIAr.s AND METHODS
‘& Anlmals and Erperlmental Procedures

A group of 20 Yorkshlre X Landrace gilts were randomly
selected at weanlng (4 wk).,Ten anlmals were serially |
d‘blood sampled and ten anlmals served as controls but all
quanlmals were monltored for age at first estrus. Lightlng
‘tdwas by means of cool whlte fluorescent lamps operating
:Vrfrom 7 00 h to 17 00 ‘h- and thls study took place from

‘ August to January. Anlmals were housed and fed as

w"
1+ v

'idescrlbed in Chapter II.csfd S AR
At 4 8, 12, 16 20, 24 and 23 wk of age blood samples

Sos




were collected throughout a 24 h period Because o
non surgical venous cannulation was not feaSible for small
animals,isamples at 4 8 and lZ‘wk were‘collected every 2

S ‘Zliﬁl‘. h by means of suborbital 31nus puncture uSing la g needles

B (Monoject 250, Becton Dickinson, Rutherford NJ, USA) At
.16, 20 24 and 28 wk of age hourly blood samples werev
collected by means’ of an indwelling vena cava cannula

~

‘ Twenty four hours before blood sampling by cannula ;

\
animals were moved to indiVidual stalls located in the
same room in which they were normally housed Twelve hours

before blood sampling a cannula (PE 90 Clay Adams) was

inserted into an ear: vein through a’ 14 g needle (Mono;ect\

53

200 Becton Dickinsonl until the distal end was located in

the vena cava. This procedure was accomplished Without the

L]

use of anestheSia using a head gate as restraint

.-

Heparinized saline (60 IU heparin mL -1 saline) was used
to keep the lumen of the cannula patent At the time of

sampling a cannula extenSion was.. fitted and suspended

V‘T[{’utxo above the animal's pen. This allowed sampling Without

. disturbing the animal Feed and water were prQV1déd ad ;*ﬁ‘f

l!Bitum during the entire time the animals were confined
to the individual stalls.. At the end of the Sampling
returned to their original pens.vl'f[:yifWSf¥L7["

In order to ensure that blood samples taken Vla the'

/‘- ' .,

Lo ‘ﬂf period the cannulas Were removed and the animals were ‘7]g"

cannula and not affected by the stress of sampling a «_,;”fv“

~




O o R , o
‘pretrialtwas conducted. “Using the method described five

‘tubes (10 IU mL

54

Hlewk old anlmals were cannulated and sampled via the
‘<cannula at frequent lntervals startlng 60 m1n before and
uendlng 90 min after a blood sample was. collected by the -
3suborb1tal 31nus methedT—An&male—used—for thls pretrial |

;were sampled for 24 h perlods.on at leastuthree other

occaslons by the suborbltal slnus method ‘A nose snare wasv

used as a restraxnt durlng the" suborbltal sampllng.

All blood samples were collected into heparinlzed
-1

'y

bloodr—and held‘at 4° C untll

separatlon of plasma. Centrxfugatlon took place at 1500 x

yvg for 30 min at 4° C and the plasma was frozen and

stored ‘at -20 C untll assayed for total cortlsol and

,‘non—cortlsol bindlng globulln (non-CBG) bound cortlsol

' All animals were observed dally for v1sual signs of

kY

'estrus from 22 wk onwards. Estrus was confrrmed by

exam1natlon of the ovarles after slaughter, 10 d after

31gns.of estrus. Y -

AN
4

Bormone Assays .
To assay for total cortlsol S‘uL plasma samples Ve
. . 1 "‘ 1

“'jwere %ﬁuted w1th soo uL Trls-gel buffer (o os M

r.ﬂgﬂ

":;f}and heat treated in 12 x 75 mm glass tubes for 15 m1n at

h'fy”Mlles-Yeda, Tpronto, Canada) and the amount required for

_95 c to denature cortlsol blndlng globulxn (Forster and

fsuppller (rabblt antlcortlsol 21 thyroglobln, Lot COR3,

.‘fTrls-sc1,‘ 0.1 M NaCl 0. 015 M sodium a21de, 0.1% gelatln)w;y_d"

| “eﬁDunn 1974). The antlsera was d11uted as. recommended by the,?ﬂg;g

jyiﬁr
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each tube was added in 100 uL of Tris gel buffer at o

.4°C After incubating overnight, labelled cortisol

3 -1

H hydrocortisone, 93 Ci mmole

(1,2,6, 7— ~, New England

Nuclear), 14000 dpm in 100 uL Tris buffer was added and

.the tubes incubated overnight at 4° C Separation of

»

B free from bound cortisol was achieved by the addition of

,200 ul of 0 5% charcoal (Norit A, Fisher SCientific,j

Fair Lawn, NJ, USA), 0.05% Dextran (70,000 M. Wt., Sigha)

‘infTringel; Followingdincubation for lb'min‘at 4°C,

Al

the contents were‘centrffuged at 3000 x d for 15 min and a ,

'500 uL aliquot of supernatant was counted in a liquid

! ~
scintillation counting system. ‘ L RN

—

Validation of the cortisol radiOimmunoassay was' as
.ﬁ

| described by Chard (1982). SpeCifiCity of the assay was"

verified by demonstrating parallelism (P>0 5) between the

‘ standard curve and inCiea31ng concentrations (from l to

30 uL per tube) of pooled gilt plaSma Cross reactions‘

;&of the anticortisol as reported by the supplier were:.

‘%Hcompound S 13 6%,‘corticosterone, ll 7%} 178 OH

: :<0 5%;. dehydroepiandrosterone, estradiol and

thuantities of standard (hydrocortisone, sigma) covering ﬁlilg,“
:nthe full range of the standard curve (from 1 to 200 ng

wl_mL plasma for a 5 uL sample volume) to a control f

fprogesterone, 9 4% progesterone, 6 9%,

)

R

'_pdeoxycorticosterone, 6 0% testosterone, AQO%;,M

oot Vprednisolone, <1 0%, aldosterone and androstenedione,

"rideXamethasone, <0 Ol% Accuracy, evaluated by adding known

vy P
1

e
.
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v
[

-

»

“.serum . and determlnlng recovery of standard was 96.7 +

4~5%.u Sensxt1v1ty of the radloxmmunoassay,\determined as

‘that standard that was just dlfferent from the maxlmum

,
[

blndlng tubes at the 95% confldence level ‘was. 1. 0 ng
~1

QmL'rvplasma. Precmslon of the assays were establxshed by

1nclud1ng full standard curves. 1ncludlng pooled gllt
~

- plasma samples at 200 tube lntervals ln each assay

-

Coefflclents of varlatlon'were calculated based on .samples
of pooled gllt plasma w1th1n ‘one. assayl(lntraassay) and
between assays (1nterassay). Intraassay and 1nterassay !
coeff1c1ents of varlation were 6.9% and 8. 9%

reSpectlvely

Non CBG~- bound cortlsol was:’ measurqd on five of the ten

‘anlmals from whlch blood samples were cbllected usxng a

‘modlflcatlon of the method reported by Zhang et al.

(l984) For each plasma sample, labeled cortrsol, 20 000

3

dpm in lOO pL methanol (l 2, 6 7— H hydrocortlsons, 93

Ci mmole l, New England Nuclear, Boston, MS USA) waS‘:

'_added to four 12 x 75 mm glass tubes and evaporated tol

- L 3

dryness ln a- vacuum oven One palr of the tubes (total ‘T}k

count tubes) also contazned a . large excess of cortlsol*

(hydrocortisone, Slgma, St' Louxs, MO,‘USA) (2 pg) 1n
Vg

100 uL of methanol whlch was evaporated to dryness.‘To“f"
e each tube 200 PL Of plaSma sample was added and theic:«””'
tubes 1noubated at 37°C for l h The CBG fraction was,f Do

preclpltated by addlng 800 uL of a 62 5% saturated mVnno“ff

‘~ﬁ‘solutlon of ammonlum sulfate at 0 C to the plasma

.56 -
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" (Stéel and Toérrie '1980). Meaneage at first estrus as well

TN , , R
A BN

, X _
~/ ] )

N - i . n s ‘ .«
sample, repultxng‘in a final concentration of 50%

Baturated &mmonium sulfate Tubes were iqmeaiately
centrzfugediat 3000 X g for 10 min at 0°C and e

500 pL aliqué? of supernatant was counted in.a {iqﬁid'
scintillation.éounting system with quench cqrrectidh. The
percentage\of non-CBG boupd cortisol was ealculated by

M

dividing counts in the dnknown supernafhnt by the counts

in the total count supernatangs

Statistical Ahalysis

¢

Peak and trough cortisql values in the cjiresdian ~~ ~--
. , > v

s

rhythm profiles were compared'using Student 's=t test. Mean

L

e

total cortisol and percent non~CBG bound cortisol were
evaluated using one way enalysis‘of‘Variance,and the

. : o . ' '
differences compared using Student-Newman-Keul's test

» 0 ’ 0 / . .
as suborbital vs cannula cortisol values'were compared
) L2 . "

using Student's-t test. o,

|
) “a

e o B S ‘ : C .

Resuifs“of the prerﬁminery tfiai to cdmpafe blood'

-

sampling tecﬁn1ques showed that plasma cort1501 levels did

‘ﬂnot rise signlficantly above baSellne samples collected

‘ via the cannula untll 5 m1n after beginnlng of restralnt.

"fof the animal for suborbltal sxnus puncture (an. III.1).

. A

lﬁunrthermore,‘plasma levels re%urned to baseline within 30

minAoffthegsubprbltal:sagpling. In thxs study all

T

2

y



suborbital samples were collected within 2 min of contact
wit?‘the anigal and at 2 h intervals. ié"ésh‘be'céﬁéiﬁdgd
that suborbital sinna blood samples collected in this
fashion gave' levels of cortieol copparable to baseline
levels obtained,K from samples taken by indwelling vena cava
cannulas. |
Twegtf-four hour profiles for‘total and non—CBG bound
.cortisol are shown fn Fig. III.2. In some cases iample-
Qimmbers varied at different agee due to loss of cannulas
- PT inability to recannulate‘some of the original ten
animals sampled at 4 wk intervals. Fxg IIT.3 depicts mean
.total cortisol valueés subjected to 3 -point moving average
analysis for the same~t1me-perxods. From these profilee 1t

can be observed that at 4 wk of age no distinct diurnal

variation o¢curs. A comparison of peak and trough values

at this tiQe indicated no difference (P>0,05)..At'8 and 12

Gk of“age,”profiles snowed evidence of a trough forming in
the late afternoon. Comparisons of peak‘anq trough values
from 8 wk of age until 28 wk of age in'd‘ica'ted a
Asxgnlflcant dlfference (P<0‘05) in every cortisol profile.
' The proflle at 15 wkrof agewshowed the presence of a.large
afternoon peak.along with a late evenlng trough. At 20 wk
of age the afternoon peak—drsappeareﬂ*but an early mornxng
peak and even1ng trough were evident At 24 wk the
formatxon of 2 peafg and a trough were observed but
cortisol did not reach adult profiles until 28 wk of age.

This adult profxle was characterized by a large mornbﬁ//

. :‘
-~ !
..

¢




peah, a smaller afternoon peak and an evening trough. At
s'each time period non-CBG bound cortisol profiles'closely
mirrored total cortlsol profiles. h L )

Mean total' cortisol and percent non-CBG bound cortisol
levels averaged over 24 h for each animal arewshown in
Table III.l. Mean total cortisol values'Qere higher at 8
~wk, 12 wk and 24 wk compared to 4, 20 and 28 wk (P<0.05).
However: only 16 wk non—CBG bound.cortisol levels were

hxgher than at 4, 8, 20, 24 or 28 wk (P<0.05).

Age at first estrus for the nonsampled control anxmals'

(203.4 + 6.8 d,) was not different (P=0.66) than that of

I'V.

the sampled animals (199.6 + 5.3 d).
‘ \

DISCUSSION

The gradual development of the c1rcad1an rhythm of
‘cortlsol in the maturlng gllt can be seen from the total
cortisol profiles in,Fig. III.2 and more clearly in Fig.
IIT. 3 The profiles . progressed from essentxally

nonrhythmlc at 4 wk of-age, to ‘typical adult. profiles at

28 wk of age. ‘This deveIopment of the c1rcad1an rhythm of .
cortisol release in the gilt appears to be dlfferent

..however from that in the. rat where low constant levels of
”cortisol gradually rise to form peaks (Takahash1 1979). -

Development of the rhythm 1n the gilt. is 81milar to

‘ t.development in the‘human where neonatal levels are

initially high, although not circadian in nature,
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gradually developlng a rhythm by decreasxng cortisol
. levels in the lower and trough areas of the hormone
\proflle (Vermes et al 1980‘ Franks 1967)

Although the gradual development of the circadian
rhythm of cortisol release is shown in thxs'study'it hae
. not been definitely determined what level of the
hypothalamo/pltultary/adrenal axis is responslble for the
" rhythmic release. Studles-xn‘the rat have shown that the
abllity of the adrenal~§land‘to'release corticosterone in
response to stimultion with ACTH as well as the abllity of
the anterlor pituitary to secrete ACTH in response'to
stress occur well before a c1rcad1an rhythm in ‘
corticosterone is evident ‘(Allen andrxendall-1967). This
suggests that some component of the central nervous aystem
'is responsible for the rhythm‘of adrenal sterold release
and its progressive*deyelopmentt In confirmatlon og‘this,
it has been shown that the content of CRFVinZthe rat |
hypothalamus shows diurnal rhythm1c1ty (Sadow 1979) Thls
"suggests that maturatlon of the c1rcadian rhythm of
adrenal steroid’ release actually reflects maturatlon of:
those parts ofvthe~central.neruous'5ystém controlling the

, hypothalamo/pituitary/adrenal axis.;

cOrtlsol in plasma exlsts in three major fract1ons. It

is. elther bound to CBG, bound to" albumin or unbound
(Westphal 1975). The Cﬁv bound fractlon is characterized
by hlgh affinity but low capacxty binding whereas the ‘

albumxn.bound fractlon is characterized by relatively low

]
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'affinity but lar;er3capacity to bind‘cortisol. Based‘upon‘
:a.variety of experimental evidence it is generally -
considered that the level of CBG regulates the free
“hormone concentratlon whereas the albumln bound fractlon ‘
can be consxdered part of the free steroid pool. Thls is
because the bindlng of cortlso;‘to albumin has loy
afﬂ&nitf and thus‘can rapidly dissociate;.supplementing ‘
the free pool of hormone (Westphal 1971)

Slnce 24 h prolees of non-CBG bound cortlsol closely‘

mirrored 24 h prof1les of’ total cortlsol (Fig. III. 2) and

‘sinée mean non—CBG bound cortzsol levels did not vary ' “h) ‘ﬂ

.. greatly durlng age at development except at 16 wk (Table
CIII. l), the amount»of non-CBG bound cortisolvwas uery |
unearly a constant percentage of total cort1501
.Furthermore, CBG bound cortisol accounted for such a small

pe'irc'entage of total cortisol that in the gilt, CBG

',‘probably has lxttle role in- dampenxng fluctuatlons in

‘unbound’ cort1501 concentratlon (Pugeat et al.\l984).uThe
.Alow percentage of CBG -bound cortlsol ‘as determlned in thls
‘study agrees favourably w1th the low cortisol b1nd1ng
capacity in serum of ‘swine descrlbed prev1ously (Westphal
'”1971). In sw1ne cortlsol b1nd1ng capaclty is about one
d‘fifth that reported for the human (Westphal 1971)
‘jtherefore appears that in swine total COttlSOl .
"concentration, and not the free vs bound ratlo,:xs the -

.‘prime determxnant of the phy51ological effects of thlS

dsteroid
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.n‘ ‘The results shown"in Table III.1 indicate that,there
. were . tvordlstlnct periods of tlme at wh1ch mean total

cortxsol levels were high. Cortlsol levels were high at 8

to 12 wk of age, just prlor to the age at whlch basal - ' \
levels of gonadotroplns are also found to 1ncrease’ '

'(Chapter V; Diehman et al. -1983). Mean cortisol levels

.rise again at 24 wk of age: This occursijust before first

eStrus at 28 wk, at which time LH and FSH increase in a

cyclic manner which is repeated‘with each subsequent

'estrous cycle | | | |

These elevated mean ‘cortisol levels have not, to the~

authors knowledge been reported prev1ously although-there__;__.-——
fs indicatioh in the literature that a similar situation

may occur in the human. ngh plasma concentrat1ons of

cortisol accompanled by a dlurnal variation have been

reported to occur at 3 y of age 1n the human (Franks

1967). In fact these hlgh levels have been 1nterpreted as |

the flnal maturatlon of adrenal ster01d output In the ',‘vﬁ -
present study (Flg. III 3) it would also: seem that full
development of adult prof1les of. cortlsol is reached at 12
‘wk however, further sampl1ng at 16, 20 ‘and 24 wk p01nt to
'; only a transztory 1ncrease in. the cortlsol profile. @his

r

same 31tuatlon cannot be conflrmed in the human since

‘- there are no studles which have adequately documented the

development of the circadlan rhythm of cortxsol between 3

[

y and adulthood

4

The pattern of a transitory increase in basal levels’

o




of gonadotropins in the juvenile mammal as’ well as other
w_endocrine events that cannot be explained fully by the
g_traditional theories of sexual maturation have recently
been interpreted in a different manner (Lehrer 1985) This
newest hypothesis suggests that the 1nteraction of two
‘rhythms in the brain, one, cued by the c1rcad1an variation
o in the environment and the other, an endogenous age |
dependent rhythm or_ginating_in the arcuate nucleus,
regulate reproductive function through regulation of
hormonal release from the hypothalamus. The pattern of
transitory increase of both gonadotropins and cortisol in
vthe 12 wk old gilt, and then again at the time of sexu:l‘

maturity can both be explained_by the model suggested by

. Lehrer (1985). ' \"" o ,u' o .

The possibility that maturation of the adrenal aXis
could be controlled by the 1nteractions of endogenous and
.ngnvironmentally cued rhythmlc pathways has not been
‘Vsuggested before..It is, possible that in an extensxon of

f

1fiLehrer s model a different set of rhythmic processes may

63"

-,control the timing of events in the adrenal axis compared o

“%_gto the reproductive axis or 1t may be that the same ba51c‘j'

,

“rhythmic processes have a more general role 1n the timing

“VOfvevents in these and other endocrine ‘axes. If the latter :
ﬁhjfhypothesis is’ confirmed, our unocrstanding of the o

| ;fdnteraction and relationship between the reproductlve axis
”':faand adrenal axis or 1ndeed other endocrlne axes would be'

*E;much enhanced




o Table I11. K’ Mean values (+ SEM) for total and
. non-cortisol binding globulin. (CBG) bound

v

by

cortisol for gilts aged 4 to 28 wk:

differ

(P<0 05).

_vAge A'Total Cori1sol :F>\ ‘ NonfCBG ¢6;nisol“
: (wk) n= h‘(ng mL . - n= \‘(percgqt)i‘
4 10 25;3'£kzizfp 5 '72ﬂ£ ifi;é'gcv”
8 10 37.4°¢+ 4.1 ac 5 | 69}4 + 1.6 be
120 10 . 40.1+ 3f5‘§c“.“ 5' ., 182;4'¢‘4;I ac
16 7 26.8+2.8bc 5 87.9%3.3a
20 9 20.6+26b 5 T14,2'1’4;9>bg-_ |
24 6 - 38.3 + 3.6 ac 'ﬁ 5  70.7 i{4.9 be .
28 7  24.8 +2.9b 5 . 71.0 + 2.3 bc
3 Zf,b,c ﬁeénS‘i;MEhe samé column w1thout a common letter

i
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. Fig.

fII.l Effeét of'subofbital sinds-punctdre samplingi‘

on. total plasma cortlsbl concentrat;ons in 16
_wk old gllts. Values reflect mean + SEM of 5
Z_anxmals. Cannula samples that dlffer'from thé

J;suborbxtal sample are denoted by the

_asterisks. . . - ti“

[P
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;Flg. III 2 Twenty—four hour proflles of mean (+ SEM)
total and non—cortlsol bxndlng globulIn
(non-CBG) bound cortlsol in gllts from 4 to 28

; weeks of age (n—lO for wk 4, 8,12; n—7 for, wk

Kl

16; ‘n=9 for wk 20~ n=6 ﬁer wk 24- n=8 for wk .

28). | o /5 o I
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'IV. EFFECT OF SHORT TERM AND LONG TERM STIMULATION OF .

THE . ADRENAL AXIS BY ACTH ON PLASMA LH AND ON SUBSEQUENT

PLASMA PROFILES OF CORTISOL IN THE. GILT
INTRODUCTION

étressing an animalfresults in the‘activation‘of a
"yvariety of hehavioral, autonomic and neurdendocrine
responses. Even though the autonomic nervous system plays
‘an important role during acute stress it is probably the-
neuroendocrlne system that has the greatestvpotentlal for

“altering reproductlon over the 1ong term (Moberg 1985a).

. Probably the‘most important neuroendocrine system to be

reproductlon. prtrap (1970) reported that admlnlstratlon

ehas been stressed (Moberg 1985b). . ‘t5‘ IR

[

stlmulated by stress is the hypothalamo/p1tu1tary/adrenal

-~

‘axls.'In fact, the adrenal- cortlcal response to stress,

measured by an increase 1n-circ€1ating t1ter3‘of e

CoA

. cort;%oster01ds is used by many researchers in the field

]
of stress phy31ology as proof (a priori) that an anlmal

S

t N vy
. 1y ,

. It is generally cons1dered that ACTH actlvatlon of the

agrenal axxs wil; result in negat1Ve effects on ,' . "‘vj

oé@rﬂ delayed estrus, shortened the duratxon of estrus

N
and znterferred thh ovulatlon 1n the sow. Experlments S

e
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There are 1nd1catxons howeve?' that stressors,
p0831bly actlng through the adrenal axls, may be 1mportant f
in the early 1nductlon of puberty In the rat,
adrenalectomy at cr1t1cal stages of maturation‘results in
a sxgnlfxcant delay in age at vaglnal openlng (Gorsk1 and
ILawton 1973). Parxs and Ramaley (1974) 1n“éxper1ments
‘with m1ce have observed that when older, noncycllng '.w
females were stressed byflmmoblllzatlon there was a

.

restoratlon of normal estrous cycles, ovulation and
. tm}

fertility. In sw1ne, the appllcatlon of stressors such as
transport or mixing, have been shown to s1gn1ficantly o .

‘decrease age at, f1rst estrus (Thlbault et al 1966,,1

=
A

: Slgnoret 1972; Bourn et al. 1974). : - . e
It is not clear from. those studles reportlng,a

positive effeCt of.stress*and:ACTH~on reproductlon.Whether"

_the hlgh plasma concentratlons of. cortlcosterodds had . ”l’
. direct effects or whether the effects resulted from a
ysubsequent decrease in basal cort1costero1d concentratlons
Lafter the stlmulus was removed Although feedback L
'flnhlbltlon of basal ACTH has been reported for several
‘ spec1es 1nc1ud1ng the dog (Keller-Wood et al 19&35 and

the hggan (Reader et al 1982) there 1s$no 1nformat10n

y avallable concernlng a similar effect-in swine. '.r ' ”’fjv;ﬁ.

Thls study was conducted to deterﬁine whether"gg;'f ﬁ'

'”Hﬂl;actlvatlon of the adrenal axzs by ACTH would have positive i‘V;{




o
N
-

‘stlmulatlon of the. adrenal axis. by exogenous ACTHvon the

o

subsequent plasma concentratxons of cortlsol was examlned ,
‘to determine 1f feedback 1nh1b1tlon could have a role to:

play in the stress 1nduct1on of estrus in the prepubertal

\

» - gilt.
' MATERIALS AND METHODS

‘A total of ‘56 Yorkshlre x Landrace gllts, selected at
weaning, were’ randomly as$1gned to one of four tqeatments.‘
Two sbort ‘term treatments con51sted of 14 anlmals each,

receiving elthef one 1n3ect;on of 40.1IU ACTH (Slgma, St.

Lous, MO, USA. Grads'II, 85 IU mg dlssolved in sterile‘

-

0. 9% saline) (one ACTH) or. one 1njectlon of vehlcle (one‘~d
>', B sallne) The two long ‘term treatments con51sted of 14
énimals eachs:ece1v1ng e1ther lO 1nject1ons of 40- IU ACTH

(ten ACTB) or 10 1njectlons of vehlcle only (ten sal1ne).

o L L. :
All injéctlons were admlnxstered 1ntra—muscularly 1n the
_ neck region at 7 00 h- and 1n the ﬂong term treatments
LT Coe /rg\

Q;g..ij} injections were g1ven 24 h apart Treatment 1n3ectlons I Ey

A T

ﬂL‘-:;°'f“T were glVen sdch that the last 1n3ectlon was admlnlstered

o . :
s A BEEYN ,0. ;0 o : o . } .
R P ". Lo T

;ffﬁTEfﬁ'5i on. day 140 of age, ‘D“fl‘f3fﬁf1_“; L ?‘¢;5’~
- .':3'1_.. E ( .‘ rrrrr l Slgm?’ -St_

ﬁf“USAl was prepared‘ln advance by dlssolv1ng 1n'_lﬂ
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nltrogen/methanol freez;ng bath and stored at -20° C

1,

untll Just before use.
"Prior to 139 a of age all anlmals were ralsed 1n straw

‘ llttered pens, under conflned heated hou31ngl

\

.'arrangements Comp051tlon and analy31s of dlets fed are
"llsted in the Append1x (Table l Table 2 and Table 3)
‘nghtlng was by means of cool whlte fluorescent lamps
| ‘1llum1nated from\?;OO h to 17:00 h. On day 139 all anlmals‘
were implanted with an‘ear.vein cannula'terminatinc‘in'the
. vena cava.(éolyvinylchlorlde tubino; SV. 61, Dural |
¥P1astics. Dural N'S W Australia). The cannula was flxed C
to the anlmal s ear and back w1th tag ‘cement and adgeslve s

.'tape. Cannulatlon was conducted wlthout anesthe31a, with
‘ the use of headgate restralnt only The lumen of the
' <

cannula was kept patent w1th a heparln saline solutlon (60

U’heparln mL % sterlle, lsotonlc sallne) Follow1ng

o

cannulatlon anlmals were moved to 1nd1v1dual pens,;w»'* -

de81gned to restrlct movement but .in: whxch the an1mals

> .-

33F‘ fhcannula extenszon was fltted and suspended above the

B 'uutanlmal‘s pen. This allowed sampllng WlthOUt dlsturblng the’i




P;used to- monztor the effects of ACTH on the estradlol

v

‘determ1ne the effects of ACTB on subsequent concentratlons

,of plasma cortisol Add1tional blood samples, collected on

vday 140 at 15 min 1ntervals for 4 h (8:00 h - 12 :00° h)

‘were used to mon1tor basal levels of LH At 20 00 on day

141 all animals recelved an 1ntra-muscular ;n)ectlon of

17B-estradlol 3 benzoate (20 ng- kg ; lxve wexght)

in corn. 011 Samples of blood were collected for an

‘ﬂdditional‘72 h at 6 h 1ntervals and after assaylng for LH

1nduced LH surge. All blood samples were collected 1ntou
~1

heparxnlzed tubes (10 10 mL 5 blood) and kept at 4° C

lfor no more than\lz h untll centr1fugat1on at 3000 x g for

30 min at 4 C Flasma samples were then frozen and

stored at‘~26’C untll assayed for hormone content.

Hormone Assays “V'*_, L R 2 f,g

(O

' The rad101mmunoassay valldatlon and proc edure for

',o \A&

“‘plasma cortlsol using rabblt antlcortlsol 21 thyroglobln

Q

df(Lot CORB Mlles Yeda Ltd Toronto, Ontarlo, Canada) has‘
! bee?/described prev1ously (Chapter III) Intraassay and;*n~

*ipinterassay coefflclents of varlatlon Were 5 2% and 9 4%‘5f‘~“

.....

'ﬁrespectively 'ﬁ'”m ’d?ffgﬁpihfmﬂlfffff""

Concentrations of LH were determlned by ‘Yhui‘t‘tff‘”wd‘
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<’ was 96.0 ivl.d%ﬁ fhe intraassay,qnd dnterassay'
‘coefflcients of yariation QereAS;A% and'S.B%f
resp ctiVely Dose response‘cdryesyfor-podledlpOrcine
plasma and 1ncreasxng concentratlons of porc1ne LH
(LER 786 3) were pirarlel (P>O 5). 5y{f ‘*'u' '.‘:':;.
{ Estradlol 178 was measured usxng radxolmmunoassay "
/procedures described by Wettemann et al (1972). The
',:/ valldatlon procedure was as descrlbed 'in Chapter II1 for
./1 cortxsol _Cross reactlons for the rabblt antxserum agalnst
ffr estrad10l;l7B (E 26 47, Endocrrne Sc1ences, Tarzana,’
} CA) as reported by the sUppller ‘were: estrone,ll.3%¢ E

) \ estrlol 0 6%; l7alpha—estrad101 0 1%; cortlsol

’,} cortlcosterone, progesterone, testosterone, all <0 01%.

Sensxt1v1ty was 7 5 pg mL s plasma and. assay recovery 'p'
/// was 105 ? + 5 7% (mean + SEM) Recovery from the solvent S ‘h4
;/ " ‘used for extractlon (dlethyl ether) ‘'was con91stently 90%‘
/- ‘“(“and thls value was applled as a correctlon faotor dn ‘»1‘h 'r\tn”

’ determlnlng hormone concentratlons Intraassay and

"1nterassay coeff1c1ents of varlatlon were.6 1% and,13 9% S

I C e

respectlvely.tParalﬂellsm between the dose response curvesfr“'i

for pooled porcxne plasma and 1ncreas1ng concentratgons ofdjg??[f

estradlol~l78 standard (Slgma) was demonstrated »’fVTf”f; i;,.

(p>0¢5). yh;g@{»»fqgﬁjf;,n‘-‘3};£;ggynrnjpﬁa,t;z¢cg,

Statlstlcal Analysxs



\ .
‘
) .
.

‘ saline injectlon) and Day 2 (second day of blood samplxng

X and day following last 1njectlon) were analysed by three

)

. way analy81s of varlance with one repeated measure (Steel
and Torrie 1980) | .
Pulsatlle LH release was evaluated by def1n1ng a\pulSe ‘

- (

as the peak value preceeded and followed by ‘a nadlr w1th
the peak at least greater than the sensrtlvxty of the LH
‘assay. Tlme‘between pulses was then deflned as’ the average

time between success1ve pulses of LH Frequency of . S

ki C . i
pulsatlle release was determlned by obtainlng the average
‘ ! e
number of LH pulses per 4 h of collected samples. Mean LH

4 P \

(‘ level was determlned byrobtalnlng the average -of all LH
B concentrat;ons durlng the' 4 h sampllng w1ndow

- . ‘

The LH snrge was deflned as the peak value obtalned

-

. - .
' ~ .

greater than twd standard dev1atlons from the~mean

baseline.' .;

'

{>' ;}‘_ Treatment means for the effects of ACTH on plasma LH

were compared to tbelr respectlve controls by Students’

i g e

'r‘ N

t-test Interactlons between long and short term and

saline vs ACTHYwere assesSed by means of two way analys1s' ‘fgifﬁ

AR

'of variance (Steele and_Torrle 1980).,leferences were Jﬁi;‘“"“

05,"7
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1naectT0n) and for 1ong term (tenlxnjectlons) treatments, ;
respectlvely. The area under the cortlsol profiles\from

¢33 00 to 20 00 h- of both Day i and Day 2 as well as mean

v ad L,
LSRR ' |

”ﬁ&* plasma cortlsol concentratxons for the same tlme 1ntervals
' %re pr ted in Table Iv. l./ R t T
‘ Statlstlcal analysxs of mean . cortlsol levels 1nd1cated 3

that ACTH lnjeCtaon s1gn1f1cantly ralsed mean cortxsol

levels compared to” sallne 1nject10n (41 1 + 2. 5 Vs~ 31 3 + .
R

l 8 ng mL l . one" and ten ACTH pooled vs ‘one and ten.

- saT&ne poqled P= 0 006) There was no effect however of
N ' :
one Vs ten 1nject10ns (39 1 + 2 0 vs 33 3 + 2 4 ng mL l
‘ .
one ACTH and oqf sallne pooled vs ten ACTH and ten salxne

pooled P 20.095) . Analys1s of the rfferaotlon of Day 1 vs‘

Day 2 w1th’the effect of ACTH or sallne 1nd1cated that
:'ﬁn only ACTH on Day 1 1ncreased mean cOrtlsol levels when

Y//compared to ACTH,,Day 2 or sallne 1ngect1on, Day 1 or Dayi“"'

2.(52.48 + 3. 3. vs 29 7 + 2, 3, 32 9 2. 8 or 29 7 + 2.2 ng

- . s
o L
‘- X . "

L, .

e I : “ . . ) | :“"
. 1hy

ety

~‘mLf;;respect1vely, P—O 001).

The area under the cortlsql‘prof1le Was sxgnlflcantlj

- S B : . -

v ' g
Vﬂ,ﬂgv, lncreased as a reSult of ACTH treatment compared to saline

b

(750“5d+ 4612 vs 568 5 + 33 5 h ‘ng’ mL 1)'one and ten




‘db.only ACTH administration on Day 1 of 1njectxon lncreased
,uthe prea under the proflle compared to Day 2 or to salxne
‘binjection, Day 1 of. Day 2 (966.7 +. 60 5 vs 534. 2 + 39 7

o ‘5979+Sl6or 5391+428hngle,xP—0.001).
Basal LH releaSe parameters far bqth'short and'long

Mterm ACTH stimulatlon as wéll as respectIVe conﬁcols are

a

summarrzed in Table IV 2. Injectlon of ACTH resulted ln

'pdxfferences of frequency of LH pulses (per ‘4 h) that just
%

y:reached slgnificance for the short term stimulated group N

(4‘9 +.0 3-vs'4 1 +'0i3 P—O/OS) but not for the long term
‘“st;mulated group (4 5 f 0. 3 v 4. 0 +0.3, =0 30) T
1example of a pulsat1le LH release proflle for one anlmaf :
.'iis deplcted in Fig. IV 3. No- dlfferences were detected in
'the time between LH pulses or .mean LH levels. Analy31s of
lvarlance failed to detect any 1nteractlons between number
of injectlons and substance 1njected (P>0 05) for any
! ,parameter mbnitored for basal LH characterlstlcs.-‘

The parameters monitored w1th respect to the estradlol ‘f'

)

L T ! -
‘;induced LH surge are presented in. Table IV 3. Slnce there

',57§parameters LH surge proflles were pooled across all ﬂf e,

" 7;*ﬂftreatments and the means shown 1n Fig. IV 4 The plasma
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one possxble explanatxon consxstent wrth both negatxve
and posrtlve effects of actrvatlon of the adrenal axxs on
o

ty could anolve the phenOmena of corticosteroxd .__““ .
ke ! U T

feedback 1nhlb1txon of ACTH release 1n response to

strmulatlon of the hypothalamo/plturtary/adrenal axis

A

(Dallman l979) The Sites‘ofbneéative’feedback bf, o

cortxcosterords on ACTH release are reported to 1nclude : ! -

the anterlor pltultary, hypothalamus and neural 1nputs to

the hypothalamus (Keller Wq@d and!ﬂallman 1984) 1f these A*ﬁy

' - A
- Y | ,'g,..

h srtes of feédback 1nh1b1t10n were 1nvolved ln regulatlng et

-

-~

basal cortlcoster01d release, the 1mmed1ate effect of e \ :

streSS would be‘to 1ncrease cortrcoster01d output
¢ 1Y ' »

-~ | resultlng in negatlve effects on: reproductlve function.  L‘,/‘{

R However the long term effects of elevated plasma cortisol v

~
> 4
¢ [

concentratlons would be to decrease subsequent basal

levels\of ACTH release resultrng in a témporary decrease

‘ .ﬁ,« I
in basal plasma levels of cortrcosteroxds. These“decreased
o .

concentratlons of c1rculat1ng adrenal hormones would then -

,fJ ,,allow reprodhctzve responses, if restrlcted by normal
-

‘ [T l."}'lv’ ‘\:.', ‘ “‘ ! .".‘
basal levels of cortlcosterolds to, escape restriqtlon 11;«_Ecpa

temporarxLy!@If thrs were to occur during\the prepubertal pk;]f

R \,,“'

lresult of stress (Signoret 1972-‘4”
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A ) . -

feddback of estrogan resulting in first ovulation. It has

Yo rﬁt;een.re\ported by Liptrap and :Raeside (1975) that after

.

4
A

"
il

W

|'ACTH"admini§tration to boars, a temporary adrénal~mediated

. iqcrease in circulating levels of ta§tosﬁefong occurg .’

| | In order to Supporlt the hypothesis that stress may
exert temporary Positive effects on reproduction through a

decrease in circulating levels Qf corticosteroids it is

. mnecessgry5to demonstrate that acute activation of the

adrengl axis is fblloWed by a subsequent decreése in Basal
Hlevels dfhserum adrenal steroids. From thg results of the
présent stddy it was observed that only ACTH ’
adminiétrétion and not saline was active in ir reasing
serum levels of cortisol (Fié. Iv.1l, Fig.‘iv.g\>nd Table
Iv.l). Howéver, this increase in cortisol level aﬁcurred
only immediately after ACTH injectron énd did not affect
subsequent plasma QonCentrations of co;tisol. The high

1

levels of cortisol of at least 140 ng mL = in respongé

to ACTH injectioﬁ returned to baseline within 6 hland diq
not diminish subSeQuent cortisol release either on Day 1
or on Day 2 (Fig.- 1v.1 and Fig. IV.2). This is also
indicated by a true increase in to;al area'under the
cortisol profile og Day 1 on{y (Table IV.1). On Day ?
normal circadian pbqfiles of cortisol were observed

- similar to that reporﬁéd in Ch;pter IITI for unstimulated
.gilts. Whether outpu% of other adrenal steroids was
altered as observedq in rabbits after prolonged ACTH

-—

admfhistratibn’(Ganjam et al. 1972) is not known.

!
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.
.of ACTH on subsequent basal concentrations of plasmé

i

cogftisol Qhen sampled foll?wing 1 d or 10 4 of ACTH

administration it is poseible that the administration of

ACTH in a continuous rather than a single 'dose regime
_¢guld have had a different effect. Alternatively, it may
not be poesible to achieve inhibition of plasma adrenal

steroid levels following an acute. increase due to

injection of ACTH. It has been difficult to demonstrate

N

inpipition of basal ACTH release when physiological
/J .
copcentrations of glucocorticoids have been-employed

(Reller-Wood and Dallman 1984). Only supraphysiological

doges of corticosterone or dexamethasone were effective in
reducing basal ACTH release in vitrd (Kraicer.and Milligan

1970) and in vivo there is much less effect on basal ACTH

releagse than on stimulated ACTH release (Keller~Wood et

\ \

al. 1983). |
. \
In contrast to the effects of administration of

corticosteroids, prolonged exposure to corticotropin

releasing factor (CRF).results in decreased responsiveness

to CRF itself, exbtessed as a decrease in ACTH release
from the pichicary (Rivier and Plotsky 1986). This
phehomenon probably invoives loss of receptor sites
mediating the effects oE-CRF. The result of loss of
reéepters would be a desehsitization‘of‘cells in the

pituitary to further hormonal stimuation. This action, .’

' called "down-regulation”, has been reported previously for

S

Although the present study failed %o show any effects

86
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n

‘both steroid hormones (Cidlowskﬁ and Cidlowski 1981) and
for a variety of protein hormones. (Catt et al.-1979) but

not to the thors knowledge.fdr CRF. If down-regulation

v

were to occur at one step prlol to ACTH's actions, because

——

of the cascade effect lnherent in the

hYpochalamo/pxtuitary/adredel axxs the effect Qn
decreasing corticosteroid reléﬁ@e would. probably be
grfeater than if down-regulation of ACTH receptors in\the
adrgnel gland were to occur . éerhape,gﬁ this experiment
"~ was €O bé\repeated but with Jdministration of CRF ih place
of‘AC&H, a‘éigp%ficant“effecé od‘subsequent basal
cOnQentfatiopé.;f-p}asma cOrLispl might have been

!

observed. The physib}ogical &elease of cortisol, gither

unstjimulated (natural circagian profile) 'or stimulated in

résponse to réstraint, shows a ‘time of marked release
résulting in high levels followed py a return to baseline
(Chapter III). High, constant levels of stimulated or
injected corticosteroids are not considered physiological
(Munck et al. 1984). Barb et al. (1982) reported that ACTH
(100 10 twice daily in geletin)'or'hydrocoptieone acetate
(inp 0il) blocked ovulatlon and/pr suppressed estrus 'in
gilts. From the cortisol proflles presented in their study
it was clear that the gilts were subjected g&o abnormal
paptérns_and cdncentrations of ACTH and corticosteroids.
‘Theleffect of numerous injections.of ACTH, fof example, 80
10 three times a da& for several“days'as reported by

"

-Liptrep (1970)‘w0u1d probably result in constant, ﬁigh

87



.effect of ACTH stimulation on estrus and ovulation, as

levels of adrenal hormone.output. This profile would not
likely mimic profileg. typical of classical types of stress

such as transport, mixing or boar exposurf‘which are known

to' influence the induction of puberty in the young gilt

(Thibault et al. 1966).

Esbenshade and Day (1981) reported that in a study in®

which 80 IU ACTH in saline were admlnxstered to gllts the
incidence of estrus was 6/6 compared to 4/6 for the.
controls. Although the latter study was limited by the |
small animal nambers and the absence of data*on hormonal

patterns, it doeg indicate that the effect of ACTH on the

reproductive response of gilts may not necessarily be

" negative.

From the results of the present°study it can be seen

that stimulation‘of the adrenal axis for 1 d or for 10 4

"by ACTH at the level reported‘here did not exert negative

effects on‘either Basal LH release or on the estradiol

induced LH surge. Therefore, the occurance of any negative

.

. suggested by Li and Wagner (1983a) for heifers may only be

present 1n the mature, cyclzng female. There are
indlcations that this is so since Li and Wagner (1983b)
suggest that the major effect of. ACTH or hydrocortlsone
succinate treatment was, to reduce luteal development
expressed as. a low or inconslstent rise in piasma

\
progesterone concentratzon.‘In the1r study ACTH or

corticosteroid treatment of heifers had llttle effect on

,.‘ .’Y ’

%



basal LH levels oY on LH surges (Li‘adg'Wagner l983b0' It 'fl

FSH by both an LHRH dependent and an LHRH 1ndependent

. ' \ B ",. v

\

" would seem that if the effect of ACTH ‘was restrlcted*to

l ; A N

alteratlons of luteal development and not to follicular
!

development that it would have little role to . play in th@
mechanlsm of xndugtxon of first estrus rn gxltsﬁ

Even though no negative effect of ACTH stxmulatlon of\ y e
on LH release was detected in the present study, a ‘ \\

positive effect could have been exerted at a level of\the

hypothalamo/pltu1tary/gonadal axis other %han‘LH release:

A likely candidate for thls;affect is FsH refease. Inlvivo

e SR
studies in rats have shown the aifferential reguﬂstion of

[

4\ R
1A

mechanism pDe Paolo 1985). In addltlon, Anvatro studles

with rat pituitary'cells have shown that whlle . “ R
glucocort1c01ds exert only a very sllght suppressxon of B
basal LH secretxon, they act‘to 1ncrease FSH synthe31s
{Suter and‘Schwartz 1985).

In qonclu51on,‘repeated dally stlmulatxon of gxlts
with exogenous ACTH did not result ln a d1m1nlshed plasma
cortisol response or altered subsequent basal levels of
plasma cortlsol. Therefore no evidence was obtained to
suggest that elevated cortisol levels exert‘long term'
negat;ve feedback effects on. regulatory sites of basal
cort1co\tEr01d release in the gllt In addltzon
cort1costeroxds, released in. response o, actlvatxon of the
adrenal axis by ACTH at the levels used in this study

-

appear to~have llttle effect on basal‘LH levelfor on'the’

o
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"Fig.'IV.li Effect of one injectioﬁ of ACTH (one ACTH) or -
| ‘salide (one saline) at 7:00 H_on day~140 of‘aéz
. on plasma cortisol concenﬁratibns'froﬁ‘2:00:h‘
. | on day i40'of age (Day;l)'tq 26309 h on day 141 °

-~ of age (Day 2) in gilts.
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:Fig.

Iv.

2

of age (Day‘i) to.20:00 h on day 141 of age'

~ .
"

Effect of ten- 1nject10ns, 24 h apart, of ACTH

-

" (ten ACTH) or salzne (ten salxne) w1th the last'
“injection at 7:no h on day 140 of age on plasma

fcortisol concentrations from'2 00 h on day 140

(Day 2) in;g1lts

I
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- Fig. IV.ﬁ Example of pulsatlle LR profile obtalned by
blood samplxng at 15 min intervals for 4 h

from 140 4 old gilts.
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Fig.

IV.4

a

Effect of estradiol injection (20 ug/kg

live weight 178-estradiol-3-benzoate in

‘corn oil) on élasma esf¥adiol-178

L)

concentrations and the LH surge in 140 4 old

gilts. Values reflect mean + SEM pooled across

all treatments.
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 uterus (Bal and Getty 1970), ovary (Bal et al. 1969) and.

V. THE COHPARATIVE puysronocrcan DEVBLOPMBNT OF THB
RBPRODUCTIVB AND ADRENAL AXES OF THE GILT FROM
THREE WEEKS OF AGB TO SEXUAL MATURITY .

-

INTRODUCTION

In the gilt, -the reproductive organs inc;gdi?g the

>

ovarian follicles' (Dyck 1972) undergo a sudden spurt of

growth at approxlmatefy 12 wk of age. Although much
research 'has been dxrected toward 1dent1fy1ng the agents
responsxble for 1n1t1at1ng‘prepubertal'development, a
definitive'answer-is‘stillvlackinq (djeda et ai 1980).

In rodents, stress, including exposure to llght,‘

noise, shaking (Nagy and Arvay 1968), handllng (Morton et

al. 1963), coidv(Mandl and Zuckerman\l952)_and restralnt

(Parisaand Ramaleyc1974) have been.shown to alter'the'age

pof vaglnal opening. in.s&ine, transport stress and the

‘stress of m1x1ng anlmals ‘have been reported to 1nduce

early puberty 1n gllts (Bourn et al. 1974- Zlmmerman et

-al. 1974). it is well documented that these as well as d“

‘other stressors stlmulate act1v1ty in the adrenal axis

L -(Suzukl 1983). These observ&glons plus others have

[P

‘st mulated 1nterest 1n determlnlng the role of thsﬁgdrenal

axis. 1n sexual development (Cutler and Lorlaux 1980 ojeda o

‘et al. 198Q)

Most 1nvestlgat10ns of the relat1onshlp between the"’

‘ ) D R : Lo — - o ';
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adrenal axls and reproductlve axis have ut1l1zed the rat‘;

[

or human .as the experimental specxes. thtle 1nformatlon

)

; ‘is available regardlng developmfnt of the adrenal axxs in
swine. The objectlve of thrs study was to map the
‘physiological development of the adrenal gland with

' reference toidevelopment of the reproductlve‘axls and
aother organ systems ln the,maturing‘gilt, ' g

~

' MATERIALS AND METHODS

Fifty five’Yorkshlre X Landrace gllts were selected at
3 wk of age and randomly assxgned to treatment groups. ~
‘Feed and housing,for these anlmals have been descrlbed in
bbhapter II. dne‘group of ten ahimals served as control and
’was raised until‘sexual maturity Without‘blood sampling.
;\‘.-5 ﬂ‘ ‘Another group of"lo animals was Blood sampled‘Weekly from
y3 wk untll 30, wk of .age. Of the remalnlng 35 anlmals,

~ groups of 5 gllts were ° slaughtered at 4 wx 1ntervals from

3 i

- ‘v1'4 to 28 Wk of age. |
| Blood sampres were collected by suborbltal 31nus
’hflpuncture usxng 18 gauge needles (Mono;ect 250).‘After

‘_separation at 4 C by centrlfugatlon at 3000 X g for 30

,“mln, the plasma was kept frozen at -20 C unt11 assayed

v

_ 'for hormone coneentratxon.' L
n%,nf"f-; Plasma estradx)l 178 was assayed by ‘} | :;l;f,f,\au‘
: ‘sfradioimmunoassay usxng rabbxtwantxserum agalnst oL

dﬂj‘estradiol 178 (E-26 47, Endocrlne Sc1ences, Tarzana,‘j"b

' T
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A

CA) as descrlbed prev1ously (Chapter IV) Intraassay and -
1nterassay coeff1c1ents of varlatlon were 6 07% and '13. 9%.l
respectlvely Porc1ne LH was assayed by the method
‘descrlbed in Chapter IV u31ng rabbxt—antlbov1ne LH. The
'”1ntraassay coeff1c1ent\of varlatxon was 5. 480
All animals in the.control and’ weekly bloodvsanpled ‘
groups were:monitored dailycfor,signs_of’estrus_from‘lsq d.
of age until‘termination of the‘enperlﬁent. Estrus was
hlconflrmed at’ slaughter by examlnatlon of the ovarles‘
At the time’ of slaughter, anlmals‘were welghed then
nstunned by the use’ of a captlve bolt: gun and the carotld
artery severed After opening the abdomlnal and thorac1c
cav1t1es the 1nternal organs uere removed and' separated
from connectlve tlssue:‘The organ‘welghts monltored in
thislstudijeré.the tthoid glands, pinealtg“land,\adrena’lu
glands, heart, lungs, liver, kldneys, spleen ‘and. whole
, reproductlve tract 1nclud1ng external genltalla The
reproductlve tract was’ further separated 1nto~uterus,

'

'rallopxan tubes and ovarles.

The left adrenal gland was fixed and stored 1n éou1n s
.‘fluld (Drury et al. 1967). A~3-mm cross-sectlon‘from the Tn )
entre (sectlons at rlght angles to the long axls) of each
”left adrenal gland was then embedded in paraplast (F1sher
Sc1ent1f1c) and 7 um sectlons were cut, mounted and f o
'stalned w1th haematoxylln and e081n (Drury et al 1967).

"051ng a mlcroscope and stage micrometer the thlckness df

each zone of the cortex was determined in s1x places on.

[



: Gauntv(l978);

"-analysis of var1ance. j\,“.f ‘1 ‘w;.“‘f;

‘_F-value, means were compared us1ng Tukey s test Steel and

)
oy

A L
Q . .

1'each seCtion Cell type and. zonal characterlstlcs of the'

adrenal cortex were 1dent1f1ed as descrlbed by Relth and

L ROBS (1977). To determlne changes in cellular synthetlc

" l

activ1ty, the nucleus to cell volume ratio was determlned

in each zone of ‘the cortex‘by,the method of Gaunt and -

sy
5

Statlstxcal Analysls
Age at flrst estrus for control and weekly blood

qampled anlmals were compared oy freans of Student s

.

t- test '
f«\ s : .
Average feed efficiency as well as average dally galn

. for. the control and weekly blood sampled anlmals were

compared u81ng two way anale1s of varlance.?

Relatlve nuclear VQlume versus age of development for

each zone of the adrenal cortex were compared u51ng one

way analy81s of varlance. Thlckness of the zona
glomerulosa, zona fasc1culata and zona ret1cu1ar1s versus

ge were compared u81ng two way analy31s of variance w1th

_ohe repeated measure. Total adrenal cortex thlckness was

\

"'f]compared accordxng to age of development using one way -

-’

If any ana1y51s of varzance 1nd1cated a 51gn1f1cant

o

i

J5Torrie (1980) was used as reference for all statlstlcal

A

"”hfanalysis and dlfferences were con51dered not 31gn1f1cant 5H¢N

,~/.'
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‘> (207 8 + 3. 3 d), A scattergram of age vs welght at whlch‘

.- RESULTS
| Awerage darly{galn for control and blood sampled :
| anlmals was O 66 + 0.02 and 0. 68 + 0.03 kg 4" L from 4 to
a&tnk of age. Average feed efflc*ency for the samev‘ |
treatments was 3. 50 + 0. 10 and 3.37 + 0. 14 kg feed kg -1 .
galn, respectlvely. Slnce neither feed efflclency nor

average da;ly galn were srgnlf;cantly dlfferent for

control vs blood sampled an1mals (P>0 05y, all data for
growth parameters were pooled ‘The combxned growth curve
‘for these anxmals calculated on a- weekly basls from 4 to
30 wk of age 1s shown in Frg V. l ”_ o 1yl | y
Plasma estradlol l7B levels ‘and plasma LH
‘concentratlons from 3 to 30 wk of age are shown 1n Flg
V.2,-' Y:‘ } R n,"y‘ |

TWO anxmals in the control treatment d1d not reach g

flrst estrus by 32 wk of age ‘and’ age at flrst estrus was

1

'calculated based on the remalnlng elght anlmals Age at
f1rst estrus for control gllts (203 4 + 6 8 d) was not

dlfferent (P—0-54) from that of anlmals blood sampled

flrst estrus occurred for these anlmals 1s also shown 1n

Flg V l When pooled, average age at first estrus was .

> R s

.

N
6

205 8 + 3 4 d with an gverage welght of 125 l + 4 2 kg.,-v¢7'

*

Absolute welghts of varlous organs from 4 to 28 wk of

-

age are shOWn 1n Flg. V 3 Growth curves for the ‘ ‘uf‘f“

R reproductlve tract organs were blphaSIC, showing growth

1
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)
e

'Eiurts at 12 to 16 wk a;ﬁ again at 24 to 28 wk of age
léﬁd}e growth curves for the other organs followed the
gr ‘Qh'curve of the whole anlmal (Fig. V.1. Relatgve orgah‘ ' .
weight, defined ‘as wet weight of opgan divided by body
weight (Gross 1978) is presented in Fig. V.4 expressed as .
. fa percentage increase in relatlve weight (4 wk of age 1;
reference) with respect to age. The biphasic relatxonship
‘;n relatxve weiggt growth curves for the reproductxve
organa ‘was also présept while for the other organs
) releti;e‘eeight was‘constent or‘decreqeed;
n&Relativetneoleéf &blome af the.patanchyma cells of the
zohe glometulosa, zoha fasc;culetaeand zona reticularis-of

the adrenal cortex are presented in Table V.1l. No

differences in reYatxve nuclear' volume of cells with R
es& to,age in qny of the zones could be dete ted

(p>o.05). / ' Sl

; ’ A /f

The data for thxckness of the zones of the adrenal as
‘well as total thicknees of the adrenal cortex are
presented in Table V.2. Thickness of the zona fasciculata,

averaged over all ages was significantly greater (P<0.01)

than either the zona glomeruldsa or zona reticularis -

(7.72 # 0.34 vs 1.70 + 0.05 or 2.50 + 0.11 x 10”4 m)”

DISCUSSION

. '
A !

@
xi" . ‘
Since age at first estrus did not differ between

e

o ’/A\%ontrol and blood sampled animals (203 4+ 6.8dvs 207.8

Ny}




ln

o 3.3 d) it is apparent that the stress of restraint and

[

blood sampling had no effect on aﬁtainment of‘first‘
estrus. From average daily gsin and feed efficiency
calculations it can also be concluded that the stress
tinvolved in weekiy blood sample collection was not of
sufficient.magnitude to affectlgrowtﬁ characteristics of
these gilts. |

There has been much cont:ovefsy over whether age,
liveweight or rate of growth is the best pfedictor.of
first estrus in the gilt. It has been suggested that the
attainment of puberty\is ciosely connected with the point
of inflection on the growgﬂ curve (Brody 1945; Monteiro
and Falconer 1966). Other researchers however, have

suggested that this concept-does not appear applicable to

~.the gilt (Goode et al. 1965). Rather than rate of growth,

‘Duncan and Lodge (1960) have suggested that in normally
growing gilts, the attainment of puberty is more a
function of age than‘of weighé. However, a great variation
in age of gilts at first estrus has been reported from as:

early as 102 dtof age (Aherne et~al. 1976) to values in

) excess of 250 d (Warnlck et al. 1951). Despite this great

range in age at first estrus it has been suggested that

chronologxcal age is a s;gn1f1cantly better measure of

¢ ‘ v

' 8exual maturity in the gilt than is liveweight (Robertson
K ‘ - r .

et dl. 195la; Robertson et al. 1951b).

This strong relatlonshlp between age and f;rst estrus

in the pig does not. however seem to occur in other species

113
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including the human (Frisch and Revelle 1970) or. the mouse
(Monteiro and Falconer 1966). For these species, body -
weight is repbtted to be a‘better prediétor of sexual
maturity. | ‘

In the éresent study, when comparing the parametérs
;ge vs weight (Fig. Vv.l) it appears that age is a slightly
-better predicﬁor of first estrus (205.8 + 3.4 4, Mean #
‘'SEM) than weighf (125.1 + 4.2 kg, Mean + SEM) since the
coefficient of variation for age (7.0%) is appfoximately
‘half compared to the coefficient of variatiod for weight
(ldll%). Nevertheless, it is qcknowledged thét there'
probably is s&me,cri;ical body weight, even for the gilt,
below which ééxuél maturation does not éroceed to -
completion regardless of the age (Foster and Ryan 1981).

Although in this study first estrus occurred‘at 29.4
wk of age,‘from the profiles of LH and estradiol (Fig. |
S V.2) it‘can be seen that much developmental activity
occurred in the reproductivé axis prior to final sexual
maturation. The profiles_of'estradfbl and LH observed in
'thig study were éimilar té those reported earlier (Diekman
et al. i983)‘during pubeftalldeveiopment in the gilt but
are mére complete since the latter a@thdrs commenced
:sampling'gt 10 wk of age as compared to 3 wk in the
present sfudy.

For fhe\deVeloping female rat; hormone prﬁfiles,
correspoﬁdihg to developmental stages of the reproductive

axis, have been deéc;ibed pfevidusiy (Ojedé et al. 1980).
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Based on the LH and estradiol p;ofiles obtained‘inAthis

- study and the FSH profile reported by Diekman et al.

(1983) the sexual mathration of the gilt can similarly be
divided into stages. The' first stage, called "infantile",
\is characterized by the maturation of steroid positive

] .

» . ) ' .
feedback resulting in increasing plasma estrogen, LH and

" FSH, and appeared to occur from approximately 3 to.l4 wk

\

N\ .
characterized by anreailng sensxtxvxty to the negaETVe

of age. The next stage, called juvenile"“'is ‘ - ,

feedback of estradiql on gonadotropin release‘ ‘This stage,

.characterized by‘decreaSing LH and FSH concentrations

leading to reduction in, ovarian production of estradidl,’
appeared to occur from 14 to‘20‘wk of age. The‘
fprepubertel“ stege, cha;acterised by decreasing negative
feedhackwof estradiol on gonadotropin release resulting 1n3
1ncreased ovarian development and rlslng estradxol levels
appeared to occur between 20 and 28 wk of age. ThHere was
however no 1nd1cat10n of an lncpease in basal’ levels;of LH . .
in the weeks prior‘to pubeftp as occurs for estradlol orl
as suggested by the gonadQstat hypothe81s. The f1nal |
istage, pubertal" 1nvolv1ng flnal maturatlon of the
vreproductlve axls, full development of Qvar1an stet01d
feedback follxcular development and the first LH surge J:
w1th resultlng ovulatlon, occurred from 28 wk to |
approxlmately 32 wk of age 1n the gllt. . ‘ | \J////

The plasma estrad1ol and LH proflles (Fig. V.2),

_ showed a transxtory 1ncrease at 12 wk to’ 16 wk, dropped

e
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vl

back aé\zo wk to 24 wk and 1ncreased agaln at the txme of

f1rst estrus and were' mirrored by changes' in reproduct;ve
organ weights. From Flg V.3, it can be‘observed thatsvery
littie growth took place in the ovaries,'fallopianrttbes,
uterus or the whoie reproductive tract prior to.12 wk of
age. Between 12 to 16 wk growth anreased plateaued at 24'
wk and thereafter another increase in. growth occurred ‘
1mmed1ately prior to flrst estrus. The relatlve growth
rate (Fig, V 4) of these same reproductlve organs reached

]

a peak at lS.wk of age, decreased along with the.decllne

in gonadotropin 1éVYels between 20 and 24 wk (Fig. v.2),
‘and increased again just prior.to first -estrus. The growth

© patterns observed in this study were similar to those

patterns reported prewiously for foilicular‘growth in the
ovary of " the haturing gilt'(Dyck,l972){

From Fxg V. 3 and Fig. V.4, it can be observed that
the' growth patterns of the reproduct1ve organs dlffered

markedly from the patterns produced by the other organ

' systems. Absolute growth curve$ of the heart, liver,

,kidney,'spleen and lungs appeared to fOliow'closely the

whole anlmalzgrowth curve (Fzg v. l) Growth of these

organ systems was reported to be closely related to total

.metabolism of the organlsm expressed as a function of body

weight or surface area. For example, heart welght was

reported to vary as the 0. 98th power of body wexght whlle
‘kidney welght varied as the 0.67th power of body welght

f(;.e.,surface area) in a.w1de‘var;ety of specleS'(Prlce T
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and. White 1965). Relative weight.changes of all of these
non-reproductive organs were‘constant or decreased’
sllghtly with age (Flg V. 4)

Growth curves for the endocrlne glands, the ‘pineal,
thyrold,and the adrenal followednmore‘closelyﬁthe growth
patterns of other lnternal oroans such as the heart‘or
kidney'rather than‘the reproductive organs (Fig. V;3)

Relatxve welghts of these endocrlne glands also, remalned

R unchanged or decreased with age, unlike the reproductive

organs which showed a biphasic,increase (Fig. V.4). The
~growth curve for the adrenal glands in the gilt, C}‘
therefore, is Sinilar to that reportedvpreviqusly‘for the
human where’adrenalvweight was round to be hichly.
correlated to body surface area (Dhom l973l.

It.ls known that in the human, adrenarche; definedhas
aldevelOphental rncrease‘inbthe adrenal secretion of
”dehydroepiandrosterone (DHA), DHA sulfate, |
androstenedione,'testosterone and estrone,_occurs several
years before the onset of menarche (Cutler and Loriaux
1980) Several researchers have suggested that adrenal
ster01ds may play a role in determxnlng the onset of
puberty in both the human (Collu and Ducharme 1975) and .
rat (Gorsk1 and Lawton 1973) More specifically it has
;been proposed that the 1ncrease 1n adrenal ster01ds
produced durlng adrenarche 1s responsxble for the decrease
‘;/pln hypothalamlc sen31t1v1ty to the negat1ve feedback of
':"gonadal ster01ds 1ead1ng up to puberty (Ducharme et al.“

O -" k, ‘“- ,'ﬂ . /'
. . f 4 ' A



- increase ‘during maturation.

! adrenal of the gilt at approximately 12 wk to ‘16 wk of age‘w
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1976).

If thlS were true it would seem logical that the - Ny
s
bl

would initiate or increase synthe51s and release of a

,lhormone having an effect on the development of the

- reproductive axis or|on developmentvof the reproductive
gorganstiﬂowever,“Cutler et‘al. ll978) have'Shownuthat inA
dthe pig,,as in‘mostuother mammals‘eXCept the hnman and |

'chimpanzee,‘DHA, DHA sulfate and androstenedione did not

M

In ‘the gilt,nuclgan to cellular volume ratjos, a ‘ S\

measure-of cellular activity (Nieschlag et al ‘l974) did

o
not show any’ sudden 1ncrease in any zone of the adrenal

3cortex (Table V. l) Although thickness of the zona

fasiculata and zona. reticularis did change with age (Table
v. 2),‘the slight 1ncreases were probably only a reflection

4

of oyerall growth of the adrenal gland rather than

preferentiaJ growth of one or more zones. It has . '
\prev1ously been suggested that thickness of the zones dg/rf\\\

‘the adrenal cortex are probably not reliable criteria for
1, gactivity of the gland (Nieschlag et al 1974) In Chapter ,[9
hIII it was reported that the diurnal rhythm of cortisol ’

e did show changes that preceded major reproductive.

developmental changes. It seems however that the'

;Trelationship between changes 1n the adrenal axis and those

, .
occurring 1n the reproductive axis remains equivocal

P

It appears therefore, that there 1s no clear

" y
. L)



‘relatlonshlp between growth morphology or hormonal Lo

‘ synthe31s and release by the adnenal gland and the perlods"

of rapld growth and development of . the reproductlve tract

durlng maturatlon of the " gllt From this study, it would
appear that in the gllt, as in the rat or human (Ojeda et
all 1980) there is no’ compellxng ev1dence for a role of

the . adrenal cortex ln the development of the reproductlve'

axis or the onset of puberty.. R R

o
.



‘Volume of the nucleus of parenchymal cells

h

development was detected (P>0 05).

2

n=5 animals per mean.

Mean + SEM.

“Table V.1 \
‘ b 'of the adrenal cortex expressed as a
percentage of total cell volfme xn
“gilts from 4 to 28 wk of age’,
.Age Zona Zona Zona
(wk) ‘Glomerulosa 'Fasciculata Reticularis
a 41.1 + 1.6 23.1 £ 1.1 29.4 + 2.9
8 41.0 + 3.2 21.1 +.1.8 24.5 + 2.0
;g* 39.2 + 2.0 20.1 % 1.1 25.2 + 1.9
16 38.1 + 2.0 20.3 + 0.5 22.8 + 0.9
20 38.9 + 1.6 19.5 # 1.2 23.7 + 1.6
24 41.5 + 1.6 .23.0 + 2.0 28.1 + 3.5
z? 39.0 + 2.6 22.7 + 1.4\ 26.3 + 1.7
No sxgnlfxcant dlfference with respect to age .of

120
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Eig.‘v.l“ Growth curve calculated on a weekly_basis‘and
. ' f N .o ) l \ ! ' , B o
. | age/weight relationship for control 'and weekly -

. blobd—saméled gilts from 4 té)32;wk inage

| gh=20).'The aste}isks aepoge:;he ége and‘ﬁéight

'at‘which first'estrus occured in the,iB ahimalsv
that agt;;hed puberty. ‘ | J‘f l »‘”“ 
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© Pig. V.2 Plasma profiles of estradiol-178 and LH from

3 to 30 wk of age in ‘the gilt.
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Absolute organ weights (mean + SEMJ in gilts
slaughtered in intervals from 4 to 28 wk of

age.
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Fig. v.4

-

Relative organ weights (wet weight divided by
body weight), expressed.as a percéntage.bf

weight at 4 wk of age in gilts from 4 to 28 wk.
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VI. GENERAL DISCUSSION
Most of what we knmow about sexual maturation and the
processes involved in reproduction haS'been obtained-from )
A
experlments uslng the laboratory rat as’ the experlmental
yspecres (Ojeda et al. 1980) The results of these studles‘ /I
have provided the basic 1nformatxon to formulate |
yhypotheses'explainingc for example,‘what factors govern"
maturatxon of the: hypothalamo/p1tu1tary/gonadal axis.
These theorles often form the basis of expldﬁatlons for,‘

\_—— N 1
solv1ng pathologlcal proﬂiems 1n human development or in

’»mformulatlng more elaborate theorles to explaln the»;
functlon of the reproductlve axis 1n all specxes However
hthese theorzes should be tested for valldlty in specxes

other than those in whlch they or1g1nated , . '

In Chapter II it was observed that 178- estrad101

'receptor (E2R) concentratlons in the cytosollc fract1on‘

from tlssue samples of the hypothalamus and p1tu1tary do

'not 1ncrease durlng maturatlon of the g11t ThlS

N yobservatlon that in the gilt E2R concentratlons in the ”"i' ,

fhypothalamus ‘are low and do not 1ncrease from weanlng to

‘sexual maturlty are’ supported by Dlekman and Anderson

'-‘(1982)..These results are clearly contrad1ctory to the

\
observation~that an increase 1n cytosolic EzR

'1 concentrat1on occurs w1th age 1n the anterlor and centralaj.
reglons of the rat hypothalamus (Kato et al 1974) mThxs‘ﬁi*;

| observatlon 1n the rat has formed the ba81s for a general

Yoo, o LA A




'The hypothesis suggests that the increases in EZR

positive and negatxve feedback effect og estrad1ol on

of feedback due to changes rn levels of receptors is sald

‘hypothesis explainlng the mechanxsm of sexual maturatlon.‘

concentratzon in- particular regxons of the hypothalamus

are responsxble for changes in the setpolnts of the

'gonadotropln release (Kato 1980). Th1s chaqge in setpolnts ’

to explaln the onset of puberty in the human and other

‘~spec1es by the gonadostat theory of, sexual maturation

‘(Ojeda et al 1980). From the results of Dlekman and "

/ \

‘Anderson (1982) and from thoseuof Chapter II it can.be

 concluded that for swine the-EéR theory of puberty onset

is' not applicable.'This casts serious do?bt on.the‘

'valldlty of- extrapolatlng the receptor theory of pubertal
fdevelopment from the rat to the human -or any other

‘species. Perhaps the rat and mouse are’ the only spec1es in

whlch E2R concentrat1ons 1ncrease durlng sexual

'development and perhaps these lncreases are not connected
,wlth changes ln feedback sensit1v1ty respon31ble for -

”’-gonadotropln release.

It 1s also concelvable that other p0351b111t1es exlst

+ —

vhfto explain thxs dlscrepancy 1n receptor prof1les. In the,',fqﬂ;y
'grat, EZR sites 1n the hypothalamus and braln have been |

“‘:jfextensively mapped (McEwen 1976)..Perhaps 1n sw1ne areas

J

'of the braln other than the hypothalamus may be 1nvolved

‘V'with,centres of 9081t1ve and negatlve feedback To date

very little mapping of specific EZR sites haS»been done

ti
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reported for swine. One effxcxent way to map receptor R KRR
\ . ‘I';'." I “. I

| ‘sltes uSLng currently avaxlable technlques mlght be to.;l.ﬁﬁﬁm””

jemploy monoclonal antlbodles specrflc to actxve receptora. '\
“» U *:rr I VI A KT
Applxcatlon of tbase speclflc antrbodles, subsequently‘ \,ﬂ
y "\.\ ‘.‘,.‘ "},_
labelled wlth fluorescent mblecules coupled to second }{

antibodies and valxdated by blocklng technrques, mrght be RN

,a more spec1f1c and eff1c1ent method than u31ng jff 'ﬂ, , T

autoradlographlc technrques employed 1n the past ‘\“g‘ﬁ”*\ﬁ
SN RN *

‘What must alé% be examxned is the prlhcxplehthat EZ nbwgihﬁﬁ
concentratlonﬁls related to the response\oﬁ a, tlssue to:a'f“nng
part1cular hormone (Mulvxhlll and Palmxterﬂl9l7) Perhaps ":ﬁkf
the 11m1t1ng factor is the proce331ng‘of the?xnformat;on"}! B

KRR SR N ua
w1th1n the cell or expre551on of cellular activltx in" }. &ﬂ%:“
response to thefpresence of the hormone 1h theucell s b :
environment; It is also p0831b1e that estradlol'l?s 1s

" not the hormonewlnvolved in the feed back response w1th1n “ﬁ.ﬂf&

cells of the central nervous system. McDonald'

'nd Doughty RO
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Of those steroids A o

. \ '
‘ . . ‘ . .o

htﬂdff, ; In contrast tb E R levels the development of the

'”3& circadxan rhythm of glucocortxcd1d release dur;ng

jf]ﬁ'fq maturatlon im sw1ne (Chapter III) is sxmxlar to the'

L ‘v“:‘ Ty 7\ ' b

”f T pattern‘observed in rats eTakahashx et al. 1979). It ls
T A A

)Xfﬁ”f\ interesting that 1n Chapter III full<development of the

vt
[y '

\p\”*;~”hormonal‘optput of the adrenal axls of the gxlt d1d not

v ‘ .
TS "\

E o "- _\w
AR occur untxf the tlme oﬁ or shortly before fzrst estrusfﬁ
O N v \\.w ‘;~\ \\‘ ,

£§<hﬁ \This ev1dence,'a&though c1rcumstant1al, would tend to

;Fﬁxf shpport the suggest1on that the development of the : VLéﬂf 2
hiﬂ" hypothalamo/pituxtary/adrenal axls rs qssoc1ated thh h

“ deveiopment»of the hypothalamo/p1tuxtary/gonadal or
| :\‘ reproouctlre\axis.érx L S L T \
.C“ﬁgagﬁi aogever;wlhvestlgatlon‘of the effect:‘of actlvatlon of
ﬁkj j'§né adrenal‘axxs‘hy ACTH on release of LH from the\‘;-h
ﬁ}fi' :reproductive akis has not supporﬁed the hypothesis that U s
thﬁfl st;ess, actlng‘through the adrenal axls,wcan effect 'h B
. FQ gonadotropih féié;se (Chapter IV) Thls has been the the;e‘.
. : \.y.‘ »,w.;. ; B

*

e
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‘”puberty 1n other specles (Ryan and Forster’ 1980 Chlpman‘v’
kl980) | i | .
It was also shown (Chapter IV) that ACTH
admlnlstratron had no effect on a major feedback loop in
the reproductlve axis. Thls loop, the'posltive.feedback
‘effect of estradxol ,on the LH surge, 1s/responslbleﬂfor
‘ovulatlon (Ramlrez l973) It«remalns th be‘anEStigated
! ‘whether ACTH stlmulatlon mlght have effects .on the release L”
of FSH the gonadotropln responslble for fo&llcular' | .
development Thlsﬂls an 1mpomtant questlon, especxally in

velw of the recent ev1dence su9968t1n9 that “’/ K

) glucocortlcoids have dlfferentlal effects on’ FSH and on LH 0

. o8
-~

release (Suter and Schwartz 1985)
‘4 3
In addition to the lack of effect\ACTH admlnlstratlon

!had on LH release from the’ reproductlve axis (Chapter IV),'f

'\'\i

no ev1dence could be provrded for part1c1pat1on of the

adrenal ax1s in the t1m1ng of puberty (Chapter V).‘There\;l‘
'was no evrdence to suggest that any parameter assoc1ated :
‘wlth the adrenal cortex includlng growth of the gland };Llfv,il;
p_thlckness of the zones or act1v1ty of the cells 1n the .
ﬁfzones, 1ncreases rn a manner, to account for productlon‘of ,l4f;;
-:a hormone or factor respon51b1e for reproduct1ve ax1s
;”development | | o

Vo e

From the collectlve results of these studxes 1t can be_

l’concluded that there 18 no' ev1dence to suggest that any//;¢];'“
ffucomponent of the hypothalamo/pitultary/adrenal axxs beiowfﬂ““v'“

;tiaACTH release has an effect,,either p081t1ve or negative,l

o ' ' . . [ . . , S . LI S
o . " R L . A o . Lt g e . ) 2 '
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on reproductive axis functxon. This does not mean however,
that stressors do not have an effect on reproductlve axis

]

maturétion5 but that their effect might be exerted at a

“level of the axis higher than pituitary release of ACTH.

Jn fact, stress mdy act ‘to stimulate activity of neurons

located in portions of the central nervous system common
to the control of several neuroendocrine axes.
‘In Chapter IV it was reported that ACTH administration

had no effect on subsequent basal levels of plasma °

‘bortisdl in the gilti{ It was also suggested that control-

centers in the adrenal axis above ACTH release might be
more LQfluential in altering hormonal release during

actual periods of stress. Under actual stress conditions
it hss beed observed that for some stressors, for exampie,

endotoxln admxnlstrat1on in dogs (Egdahl 1964) or ‘anoxia

in rats (Dallman and Yates 1968) that pltultary adrenal

response could not be suppressed by pretreatment with

Hva

cortlcdsteroid administration. The response to other

stressors, however, such 33 severe hemorrhage ‘(Gann and

Cryer 1973) br_administrationpef histémine (Dallman and

“‘Yates 1968).c9uld be suppressed by pretreatment with

‘cbrtgcdsteroids. It has been interpreted that those

atimuflpthat'were steroid sensitive were transmitted

within the nedral*componeht‘of the adrenal akis via. -

" n

different neural pathways ‘as compared to the non- ster01d

sens1tive stressors (Keller-Wood and Dallman 1934). If

';_these multxple neural pathways are proven to exxst 1t

0

R PR
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A

would: suggest that the routé of sxgnal transmission from
transduction of an external'stlmulus to the release of.
releasxng factors from the hypothalamus may be much more
A complex than originally thought

The existance of multiple neural pathways could
explaln why, under speclfic condlhlons a stressor or

t

combinatxon of stressors, fé& example, ‘during transport or:

' mixing of gilts (Bourn et al. 1974- iimmerman et al.

1974), could excite not~only the adrenal axis but also }hé////\‘
reproductive axis leading to early onset of puberty an
addltion(“thia model could erplain why actxvation of the
adrenal axis at‘a levgl beld&\neural involvement, such as
hy‘AC?H,administration, would”have no ef fects on the’
reproductive axis (Chapter 1v) or under pharmacological
circuhstances; it could have negative effects on
reproduction (Barb et al. 1982)

Multiple neural pathways are not‘the only complicating
factors to’ consider in trying tolunderstand‘function of
the adrenal'axis. ltinow appears‘that ACTH iehnot the only
product of CRF'atimulatioﬁ of the pituitar? Roherts et
.al. (1982) reported that the region on the chromosome that
codes for ACTH is part of a gehe . that codes for a much
”1arger proteip called pxoopiomelanocortin (POMC). POMC in - .
turn is processed by proteolytic cleavage to h H o
ACTH, -endorphin, 8- llpotropin and other peptidés
that. vary with the" cells in which processing is taking

. place. It has prevxously been shown that B-endorphin N



\

and ACTH are sécreted concomitantly by the pituitary under
a wide variety of circumstances (Guillemin et‘al; 1977).
The ‘effects of 8-endorphins as well as other opiate’

peptides have been‘reported to include, among other

‘effects, stimulation of gonadotropin release by inhibiting

the effects of dopamine, an inhibiting neurotransmitter
for GnRH release (Hutchinson 1980).,Ih addition to the
effects of these peptides releasedrwithiACTh, there is
mounting evidence for the- suggestion that CRF is not
mearly a releasing factor for ACTH release but is, itself,
a neurotransmitter (Rivier and‘PlotskyinEG)r These " |
iobserVations indicate‘that interactions between
neuroendocrine axes may occur not only through common‘and

~

inteéracting neurons but also by activation from peptides
\

or neurotransmitters release \hcomitantlyduring

activation of another‘neuroend Thne axis

Future research into the effects ofistress on puberty“

induction should therefore be directed towards identifying
) .

‘jthose neural pathways implicated in transduCing spec1fic
L gy

environmental stimuli 1nto endocrine 81gnals. A study of .

these pathways‘and neurotransmitters 1nvolved may prov1de

142

"for the discovery of common or 1nterconnect1ng neurons and‘

v

common neurotransmitters or compounds which could lead to‘

activation of axes other than the primary one. ThlS
hresearch would lead to -a nore integrated study of the
interaotion and interdependence of the neuroendocrine axes

.rather than studying each axis 1n 1solation as has been

\_'. .



143

3

frequently done in past research. It.QouLd seem that these

inGestigationS'Will reqhire.intensive experimentation,. .
well equipped lgporato:ies} sophlsticdted techniques and
advanced instrumentation. The benefits however, of being

able to éontrol and manipulate the neural and endocrine

. " . » , . ‘
‘'milieu of an orgaﬁiSm in a predictable manner would seém
¢ "

-

to be enormous.
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' APPENDIX

Table l Composxtion and analysxs of the ‘starter pig
d1et fed from weaning to 20 kg lxve welght

Ingredlents R o 'Percent

Wheat Lo R : . 20.0°
‘Barley ' = ‘ g ' 56.3
' Soybean meal ' o 119.3
Tallow . o o : 0.4
»  Dicalcium phosphate ' , 1.5
'~ Calcium carbonate . o 1.0
‘Salt (iodized) ' ‘ Co 0.4
.Vitamins and mlnerals 1.0
L-Lysine 0.05
Chemical Analyéisz, o Percent
. Dry matter e 88.6 e
© . Crude protein: - o o o A8LY S
Crude fiber '~ , _ 4.4
-Lysine . ‘ ‘ P . 0.98"
Digestible Energy> (MJ DE kg 1) 12.7

2 Determlned values reported on as- fed basis.

3 Calculated from gross energy determlnatlon‘

1 Supplied per kg of diet: Vitamin A, 5000 IU; Vitamin
D,, 500 IU; Vitamin E, 22 I1U; r1boflav1n,\12 mg; -
nfacin, 45 mg,‘bxot1n, 200 pg; calcium
‘pantothenate, 25 mg; Vitamin B 30 ug; ASP250 .
275 mg; 21nc,‘120 mg; manganes% 12 mg; iren, 150 mg ;
copper, 12 mg, selenlum, 0.1 mg, chollne chlorlde, 500"
mg. :

o

and reported on- as- fed ba31s.,

' . . . .
e ) [ -

149




R

‘Table 2. Comp081t10n and analy31s of the . grow1ng plg
C 0 diet fed from 20 to 50 kg live werght

Ingredients = '+ = - ‘ Percent
Wheat K SR ., 4000
 Barley SR B 43.3 .
Soybean meal e 13.2.

Dicalcium phosphate - 1.2
Calcium carbonate ‘ ‘ 1.2

Salt (iodized) - l‘ ' ' 0.5 .
Vitamxns and minerals 1.0 0

Chemical.Analy5132” : - - Percent
. Dry matter . N . 87.8
Crude protein ' ‘ T o161
Crude fiber . ’ ‘ 4.3
Ly31ne | o T e 0.73
l) i . 13.2

Digestible Energy3 (MJ DE kg~

1 Supplled per kg of - d1et. thamln A, 5000 IU V1tam1n
500 IU; Vitamin E, 22 IU; r1boflav1n, 12 mg,
n}ac1n, 45 mg; blotln, 200 ug;- calcium: '

pantothenate, 25 mg; Vitamin B 30 pg; ASP250,
275 mg; manganese, .120 mg; iro 150 mg; copper, 12
mg, chollne chlorlde, 500 mg. o :

2 Determined values reported on as- fed ba51s

3 Calculated from gross energy determlnatlon ~

. and reported on -as- fed baszs. ' o

b [N T . N "" .“: v . ‘~v ; “\

“ ‘.“ ) '
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Table 3. Compos;txon and analy51s of the fin;shxng pxg ‘

diet fed from 50 to sexual maturxty

i

Ingredlents . S ", ‘ o PerCeht

 Wheat . : o - 40.0 \
Barley sl L 48.6
Soybean meal ‘ o 7.0
Stabilized fat 0.5
Dicalcium phosphate 1.2 .
.Calcium carbonate. 1.2
Salt (iodized) , 1 0.5,
‘,Vltamlns and minerals » 1.0
‘ Chemlcal Analysxsz3 . o . Pereent ‘ C o
Dry matter . . ., .. - 85.7 ‘
.Crude protexn ’ L 14.2
Crude fiber Lo 4.3
Ly31ne S Co ' 0.67
. Digestible Energy3,(MJlDE kg™l ' 13.3
NS
1 Supplled per kg of dlet vitamin A, 5000 IU; Vitamin
D,, 500 IU,.Vltam1n E, 22 1U; riboflavin, 12 mg;
nlacin, 45 mg; biotin, 200 pug; calcium ‘
pantothenate, 25° mg; Vitamin B. 30 ugy; .
manganese, 120 mg; iron, 150 m ‘cqpper,‘l2‘mg;_»
o chOline“chloride, 500 mg. e g
. 2 Determlned values reported on as- ~-fed ba31s.-“
-3

Calculated from gross energy detefﬁTnaflon CoL
‘and.reported on as fed bas1s.‘ u R

-
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