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ABSTRACT

This research has been concerned with the separate and combined
effects of caloric deprivation and stress induction on the reproduct-
ive physiology of the female rat of‘the Long-Evans strain. Its
objective was to determine whether the findings of controlled experi-
ments provided support for e*isting hypotheses about the aetiology of
amenorrhoea in anorexia nervosa. f

The relationship between alterations in body weight and reproduct-
ive function was investigated at regular intervals during caloric
deprivation and nutritional rehabilitation. The aim was to determine
the extent and duration of caloric deprivation required to induce
anoestrﬁs and whether the anoestrus was reversible. The latency of
resumed oestrous cycling and associated body weight changes was invest-
igated Qith rats on different rehabilitation regimens. A related
objective was to determine whether a relationship existed between dur-
ation of malnutrition and recovery of the oestrous cyclee Pharmocol-
ogical tests were ueed to investigate which components of the hypothal—.
amic-pituitary-ovarian axis were dysfunctional during anoestrus.

Groups of sexually-mature female rats Qere fed diets in which the
celoric'contents”were systematically reduced. After 21 days feeding
Oﬁ a dextrin and fat free (DFF) diet, groups of rats were nutrition-
ally rehabilitated at different rates. At regular intervals'blqod
samples were collected for serum LH determination by double antibody
radioimmunoassay. Pituitary LH levels were determined, organ weights
were measured, the surface appearance of the ovaries were examiﬁed and
the oviducts were inspected for the presence of ova. Anoestrous rats
with indwelling jugular -cannuli Qere injected with 50ng LHRH after
~slow infusion of eithei 50nngHRH or saline and_blood samples for
serum LH assay were co1}ected at regular intervals. In separate

studies emaciated, anoestrous rats were injected with 2ug oestradiol

vii



benzoate (OB) and 20IU pregnant mares serum (PMS) to determine whether
ovulation could be induced. The PMS test was also.used at iﬁtefvals

|
during different rates of nutritional rehabilitation.

It was found that the mechanisms regulating the oestrous cycle
were resistant to relatively severe caloric deprivation. Only after
complete‘rémovél of éarbohydrate and fat components was anoestrus ob-
served within a 21 day périod- It took more than 7 days feeding on a
DFE diét before serum LH levels 'and ovarian and uterine weights were
significantly reduced. It was established that a relationship existed
between weight loss and the onset of anoestrus. The average body
weight of rats at the onset of anoestrus was 18-19% below initial body
weight. Nutritionally induced anoestrus was readily reversible with
no evidence of permanent damage to the reproductive system. The res-‘
umption of oestrous cycles was dependent upon weight gain of a critical
magnitude. Oestrous cycles were first observed when rats were 1-3%
below initial body weight. No relationship between duration of emac-
iation and speed of reéovery-was demonstrated. The results of the
pharmocological studies suggested that the hypothalamus was the prim-
ary site of dysfuﬁction in anoestrous rats. Injections of OB and PMS
failed to induce ovulation in anoestrous rats. A normal LH response
to LHRH was observed only in rats whose pituitaries were previously
primed with LHRH. This provi&ed support fér the hypothesis that the
major effects of inanition are exerted on the hypothalamus rather than
- on the pituitary. |

The second research programme involved stress induction with fully
fed rats. Conditioned.emotiqnal response procedures were employed to
investigate the effects of signalled shocks and conditioned fear on
serum LH levels and reproductive function. The effects of chronic

administration of unpredictable shocks on the ovarian cycle were
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examined. The presentétion of predictéble shocks during conditioning
trials, and of the CS during extinction trial§,_failed to produce sig-
nificant changes in serum LH concéntration or reproductive functioning.
Daily administration of three unpredictable shocks succeeded in block-
ing oestrous cycles in 20% of rats.

In the third research programme three unpredictable shocks were
administered daily to groups of rats during the calofic deprivation
and rehabilitation phases. The aim was to determine whether the infer-
ior nutritional status resulted in an increase in the susceptibility
of the reproductive system to the effects of a stressor which alone
was not capable of causing widespread énoestrus. In the final study
201U PMS was administered to groubs of rats receiving unpredictable
shocks daily during diffgrent forms of nutritional rehabilitation in
order to determine whethér imposition of stress inhibited induction of
ovulation by PMS.

Unpfedictable shock administration hastened the onset of énoest-
rus during the weight loss phase and inhibited the resumption of
oestrous cycles during the rehabilitation phase, even after normal
body weight had been restored. Anoestrus persisted for as long as
daily stress Qas imposed. The stress treafment also inhibited the
induction of 6vu1ation by PMS. Inhibition of ovulation in PMS—
injected rats occurred in rats above normal weight as well as in rats
still 30% below initial body weight.

It is prdposéd that the inhibition of spontaneous resumption of
oestrous cycles following rehabilitation and the failure to ovulate
in response to PMS provocation was due to é hypothalamic dysfunction
that persisted as a consequence of stress. Since the stresé treatment
alone was incapable'of producing these effects it is proposed that.the

functional state of‘the.hypothalamus was initially disturbed by

ix



caloric deprivation and prolonged by stress. The findings of the
research are discussed with particular reference to hypotheses about

the aetiology of amenorrhoea in anorexia nervosa.



INTRODUCTION

The stimulus to carry out the present research can be traced back
to poiemical clinical discussions concerning the aetiology of secondary
amenorrhoea in anorexia nervosa. It appeared that a number of variab-
les were implicated in the onset and maintenance of amenorrhoea; the
most prominent variebles being nutritional and psychological ones.
Since fhe effects of these variaeles on reproductive function could not
be investigated singly in anorexic subjects recourse to experimentation
with laboratory animals was requiredf» The aim was to study the Separ-
ate and combined effects of caloric depiivation and experimentally
induced stress on serum LH levels, rhythmicity of the oestrous cycle‘
| end otﬁer aspects of repfoductive physidlogy.

In the first chapter a brief review of the cufrent state of know-
ledge about the regulation of the mammalian reproductive cycle is
presented. ' This provides the framework within which the findings of
the present research are interpreted.

In Chapter 2 the clinical picture of anorexia nervosa is described
and the controversy surrounding the aetiology of the secondary emeﬁorr—
hoea isvdiscuseed. A number of issues which stimulated this research
are identified}:'The literature dealing with endocrine changes in anor-
exia nervosa and with pharmocological tests carried out in order to
determine the nature and location of‘the endocrine dysfuncfion.is
reviewed.

In Chapter 3 the reader is introduced to methodological details
common to many of the eiperiments. They are presented here in order
to avoid repetition in later chapters or repeated reference to append-

ices.



Chapter 4 is prefaced by a review of studies on the effects of
nutritional factors on reproduction and endocrine function. Thereafter
a series of experiments aimed at investigating the effects of caloric
restriction and nutritional rehabilitation on reproductive function
are described. Studies involving the administration of pharmocological
agents are deséribed'in'the latter part of this chapter.

In Chapter 5 the focus is turned to the literature dealing with
the effects of stress on reproductivé function. This is followed by a
description of a series of experiments carried out in order to estab-
lish the nature and duration of stress treatment required to alter
serum LH levels and to induce anoestrus.

Chapter 6 is devoted to a description of éxperiments performed in
order to investigate the. combined effectslof altered nutritional status
and stress induction on certain aspects of reproductive fuﬁction.

In the final chapter the research is discussed with particular
reference to the relevance of the findings to our understanding of

secondary amenorrhoea in anorexia nervosa.

Please note: In the preparation of this thesis many of the guidelines
recommended in the Publication Manual of the American Psychological

Association (1974) were followed.



Chagter 1

‘REGULATION OF THE MAMMALTIAN REPRODUCTIVE CYCLE

Tﬁe cyclical variations which characterize the mammalian repro-
ductive cycle are the result of complex interrelationships between
the hormones of the hypothalamus, pituitary gland and the 6varies;
What follows in this chapter cannot be considered to be an exhaustive
review of the contemporary literature pertinent to its title. The
focus of this review will be on hormonal patterns and the regulation
of gonadotrophin secretion in post-pubertal, non-pregnant mammals.
Where relevant, attention will be drawn to the differences that exist
betweén’the réproductive physiology of humans and rats. The pufpose
of this review is to provide the framework for subsequent discussions
- of the endocrine disturbance in anorexia nervosa and the findings of
the present research.

The female reproductive cycle is characterized by the release of
a hypothalamic releasing factor or factors which stimulate the‘synth—
esis of, and regulate the secretion of luteinizing hormone (LH) and
follicle-stimulating hormone (FSH) by the anterior lobe of the pituit-
ary gland. In the normal cycle FSH stimulates the growth of the dvar—
iaﬁ follicle and together wifh LH stimulates follicular development
and oestrogepiSecretion. There is general agreementbthat rising titres
of oestrogen are the endocrinologicél signal for the surge in release
of LH, which in turn, inducés ovulation (Banks & Freeman, 1978;
Goodman, 1978). The positivé feedback effect of oestrogen is believed
to occur at a site in the hypothalamu§ where the oestrogen acté by
stimulating the release of luteinizing hormone releasing hormone
(LHRH) into the pituitary portal blood (Sakar et al., 1976). There is
evidence that oestrogen, in addition, exerts a stimulatory effect at

the level of the anterior pituitary (Arimura & Schally, 1971; Reeves



et al.,'1971). The presumed anatomical sites where oestrogen .exerts
its positive feedback effect will be discussed later in this chapter
tbgether with evidence for tonic control of gonadotrophin secietion
by negative feedback action of the sex steroids.

Normal patterns of gonadotrophin
and gonadal steroid secretion

Although different in many respects, the human meﬁstrual cycle
and the oestrous cycle of the rat and other spontaneously ovulating
mammals share some characteristics..zln both humans and rats the most
dramatic hormonal events, involving the gonadotrophins and the sex

steroids, occur just prior to, and following ovulation.

The human menstrual cycle

The levels of gonadotrophins and goﬁadal hormones during differ—
ent phases éf the menstrual cycle have been described by Midgley &
Jaffe (1971),:Ross ef al. (1970), Speroff & VandeWiele (1971) and
VandeWiele (1970).

Menstruation represents the termination of the previous ovarian
‘cycle and the life of the'corpusiluteum. During menses there is a
small.but constant increase in plasma FSH concentrafibn. The rising
FSH concentration stimulates several follicles to develbp. After a
_few days one of these matures rapidly whilevthe others begin to invol-
ute. During the follicular phase the maturing follicle produces
increasing amounts of oestrogen. Since corpora lutea are absenf &ur—
ing the preovulatory period progesterone secretion is relatively low.
The steadily increasing oestrogen levels control the release of fhe
gonadotrophins by negative feedback inhibition. However, as in other
mammals, a critical level of oestrogen is reached, stimulating a surge

in the release of LH and FSH; ovulation follows about 30 hours after



this surge (Newton, 1972). There isjsome‘question whether the peri-
ovulatory increase in progesterone occurs simultaneously with the gon-
adotrophin surge Qr'éé a consequence of the latter.

There is a transitory drop in éirculating éteroids in the immed-
iate post-ovulatory period. The ruptured follicle starts to luteinize
and the 1utea} cells start'producing increasing amounts of progesterone
and oestrogen. The high levels of circulating gonadal steroids inhibit;
by negative feedback action, the release of gonadotrophins. In the
absence of implantation of a fertilized ovum the corpus luteum event-
ually degenerates, presumably as the result of the luteolytic action of
bprostaglandins,_particﬁlérly PGF2a (ﬁenderson § McNatty, 1977). With
degeneration of the corpus luteum there is a sharp decline in circulat-
ing levels of both oestrogen and progesterone. The menstrual flow that
follows is the consequence of the withdrawal of the steroid stimulants.
The gonadotrophin levels which have ‘declined during the luteal phase

increase significantiy at the onset of the menses. Thereafter there is
a constant increase in FSH concentration initiating the start of the
new ovarian cycle (Bentley, 1976; Tepperman, 1973).

In addition to the cyclical changes described so far, it has also
been demonstrated that~gonadotrophins fluctuate episodically during
the course of a day (Midgley § Jaffe, 1971; Santen § Bardin, 1973).

The rhythmi; secretion of LH at 1-3 hour intervals has been described
in sub-human primateé as well as in other species (Bhattacharya et al.,
1972; Knobil et al., 1972). The term "cirqhoral" was applied to this
rhythm sincevfhere is a mean frequency of one LH burst per hour
(Dierschke et al., 1970). |

Santen § Bardin (1973) found secretory LH spikes occdrring approx-
“imately 3 times eVery 6 hours in normal womén during the follicular

phase. In contrast women in the luteal phase of the menstrual cycle



had LH pulses of higher amplitude and lower frequency (approximately
1.6 pulses every 6 hours) suggesting that gonadal steroids may modulate
LH pulses. Furthermore Santen § Bardin (1973) reported a significant
concordance between LH and FSH secretory pulses.

Other studies of the 24 hour péttern of gonadotrdphin secretion
have demonstrated that, in normal women, the LH pulses occur with equal
frequency.and magnitude during the waking and sleeping periods (Kapen
et al.; 1973). In contrast, prepubertal’children show low levels of LH
and FSH that oscillate around a constant mean. The onset of puberty in
both'boys and girls is heralded by the augmentation of LH secretion

synchronous with sleep (Boyar et al., 1972, 1973).

The oestrous cycle of the rat

The rat oestrous cycle lasts 4-5 days. In the present work the
days of the 4 day cycle are designated oestrus, metoestrus, dioestrus
and pro-oestrus.

As observed earlier the most dramatic hormonal events occur just
prior to, and:foliowing'ovulation. Of these events the surge of LH,
and its role in inducing ovulation, has recéived the greatest attention.
Everett (1956j showed that in rats, subject to controlled illumination
(Light: 0500-1900h), the ovulatory surge of LH is released between
1400h and 1600h on the afternoon of pro-oestrus. 0vu1atioﬁ is depend-
ent on the LH surge and occurs between 0100h and 0230h on the day of
oestrus (Everett, 1948, 1969). |

The onset of the pro-oestrous LH surge and the timing of other
mid cycle events, reported by Everett, are not necessarily applicable
to all rats. Other investigators have reported the events occurring at
earlier or later times. This variatioﬁ is, most likely, the result of

a combination of factors including: (a) random variation between



individual rats of the same species (b) inter-species variation
(c) differences in light-dark illumination schedules (d) blood samp-

ling procedures.

Oestrogen: In the 4 day cycling rat, oestrogen levels increase through-
out dioestrus to reach peak levels by 0900-1200h on pro-oeétrus
(Brown-Grant et al., 1970; Butcher et al., 1974; Hori et al., 1968;
Smith et al., 1975; Yoshinaga et al., 1969). Butcher et al. (1974),
sampling at 3 hour intervals, found a rise in oestradiol leQels late
on dioestrus, with a peak at noon on pro-oestrus. The'plasma levels
of oestradiol started falling before the peak LH concentrations were
reached on the afternoon of pro-oestrus and had declined to near base
levels at midnight of pro-oestrus. These results support those of
Exley § Duttoﬁ (1970) who found that the oestrogen peak precedes, by’
several hours, the ovulatory release of LH. - Throughout the remainder
of the cycle oestrogen remains at base levels, except for small peaks
on the afternoon of oestrus and metoestrus (Butcher et al., 1974;

Yoshinaga et al., 1969).

Progesterone: Progesterone levels increase above baseline on two occas-

ions during the oestrous cycle. The first is a small rise on metoest-
rus, representing the short functional life of the corpora lutea
(Butcher et al., 1974; ?iacsek et al.,-1971). Following this small
elevation progesterone levelé drop by the morning of dioestrus.

Piacsek et al. (1971) found no change in progésterone secretion between
- the afternoon of dioestrus and the early afternoon of pfo4oestrus. The
same investigators found a similar pattern ofIZOaOH-P secfetion, except
that peak ievéls on -the afternoon of pro—oestfﬁs were observed approx-
imately 2 hours before progesterone levels started increasing. Simil-

arly, Barraclough et al. (1971) reported an earlier elevation of



.20aOH—P levels. Piacsek et al. (1971) suggested that the ZOGOH-P may
be secreted by corpora lutea of previous ovulations in response to an
initial elevation in LH levels. |

Although Barraclough>et al. (1971) observed an increase in periph-
eral progesterone levels prior to the LH surge, this increase was small
and is believed to be of extra-ovarian origin. Butcher et al. (1974)
reported that progesterone appeared to riée simultaneously with the LH
surge on the afternoon of pro-oestrus. Other investigators, however,
using more frequent sampling, have found that the rise in plasma LH
‘precedes that of progesterone on the afternoon of pro-oestrus

(Barraclough et al., 1971; Piacsek et al., 1971; Schneider et gl., 1970).
These observationé have been interpreted as secretion of progesterone in
response to LH stimulation. Indeed Banks & Freeman (1978) Qbserved

that "in the presence of ovaries, the LH "surge' during proestrus init-
iates a simultaneous ''surge' of progesterone'" (p.426) which occurs be-
fore ovulation; Siﬁce the marked elevation in plasma progesterone con-
centration precedes the formation of the corpora lutea it presumably
arises as a result of é luteotrophic effect of the LH'on'ovarian inter-
stitial tissue (Bentley, 1976).

Bariaclough et al. (1971) found that progesterone levels in ovar-
~ian vein plasma continued to rise after plasma LH levels started dropp-
ing on the evening of pro-oestrus. Thereafter progesterone.levels
start declininé towards base line concentrations, reaching them by
early morning of oestrus (Butcher et al., 1974) or the afternoon of
oestrus (Piacsek et al., 1971).

The role of progesterone in the regulation of the oestrous cycle

will be discussed later in this chapter.

Peripheral LH: With some exceptions investigators report that serum/




plasma concentrations of LH are low during all stages of the oestrous
cycle except dpring the afternoon and evening of pro-oestrus (Banks §
Freeman, 1978; Brown-Grant & Greig, 1975; Butcher et al., 1974; Daane

& ParloQ, 1971; Gay et al., 1970; Greig & Weisz, 1973} Mann & Barraclough,
1973: Monroe et al., 1969; Piacsek et al., 1971). In addition to the
pre-ovulatory surge some investigators have observed a small increase
in serum LH on the afternoon of metoestrus (Naftolin et al.,.1972;
MacKinnon § terHaar cited in Naftolin et al., 1972). The physiological
significance of this slight rige is not known. Gay et al. (1970) have
observed diurnal variation in LH secretion during the 3 days foilowing
pro-oestrus with low levels during dafkness and higher levels during
periods‘of light.

Examination of the literature reveals differences in the recorded
times of the onset of the pro-oestrous LH rise,vfhe magnitude of the
-rise as well as in other features of the preovuiatory LH surge
(Barraclough et al., 1971; Blake, 1976a; Gay et al., 1970; Monroe et
al., 1969; Naftolin et al., 1972). It is generally found, however,
that the LH surge occurs on the afternoon and evening of pro-oestrus
and that LH levels have declined to basal concentrations later the same
evening. Some investigators report finding elevated LH levels during
the early morning of oestrus (Naftqlin et al., 1972). The majority of
" studies, however, have found reduced LH levels before 2400h on pro-
oestrus.

‘Blake (1976a) has presented a detailed characterization of the
pro-oestrous LH surge based on a composite of data ébtained from differ-
ént groups of rats. He identifies (i) an "initial rising phase' of LH
(ii) a "rapid rising phase' during which plasma LH rises quickly,
starting between 1445 and 1650h, and.lasting.for 20-50 minutes (iii)

a '"'plateau phase" (iv) a "declining phase'" characterized by a rapid
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drop in LH levels, but commonly interrupted by one or more rapid
increases in plasma LH. Blake (1976a) observed that the pro-oestrous
LH rise does not appear to be made up of intermittent pulses of LH

release.

Pituitary LH: Using the ovarian ascorbic acid depletion assay Schwartz .

& Bartosik (1962) found that the pituitary LH content is lowest at
oestrus and metoestrus and maximal {2 times oestrus values) at dioest-
rus and on the morning of pro-oestrus. The serum LH surge is accompan-
ied by a drop in pituitary content of LH on the day of pro-oestrus

(see Schwartz, 1969 for review of studies employing the ovarian
ascorbic acid dépletion assay). These findings have been confirmed by
investigators employing radio-immunoaésay procedures (Naftolin et al.,

1972).

Peripheral FSH: It is most frequently reported that the FSH rise on

pro-oestrus appears to occur simultaheously with the LH surge. It is
generally observed, however, that the decline in FSH levels is slower
i.e. plasma FSH levels remain high while LH levels have started to
decrease (Aiyer et al., 1974; Brown-Grant § Greig, 1975; Butcher et
al., 1974; Daane § Parlow, 1971; Gay et al., 1970). The difference in
half lives of the two gonadotrophins is not sufficient to account for
this observation. |

By noon of oestrus FSH levels have returned to base line (Butcher
et al., 1974) and during the three days following pro-oestrus periph-

eral FSH levels decrease progressively (Gay et al., 1970).

Peripheral prolactin: Serum prolactin levels also increase on the

afternoon of pro—oéstrus (Gay et al., 1970; Neill § Reichert, 1971).

The prolactin rise, however, does not necessarily occur simultaneously

’
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with the gonadotrophin surge (Gay et al., 1970). Butcher et al. -(1974),
for example, observed that plasma prolactin levels started to rise a

few hours before the rise of FSH and LH.

The regulation of gonadotrophin secretion

Hypothalamic control of gonadotrophin secretion

Moore & Price (1932) proposed that the cyclical variations of the
oestrous cycle were the result of a reciprocal interrelationship Bet-
ween the gonad§ and fhe pituitary. More recently, however, it became
apparent that the production and release of gonadotrophins from the
anterior pituitary is under hypothalamic control. Largely due to the
pioneering work of G. W. Harris and his colleagues (Harris, 1955) it
was recognized that the hypothalamus exerts its control by means of
chemical messenger molecules. These neurohormonal substances are trans-
mitted along a pathway iihking the hypothalamus and the énterior pituit-
ary; the pathway being partly neural and partly vascular.

The neural component consists of a tract of nerve fibres which
have their origin in nerve cells in the hypophysiotrophic area of the
hypothalamus. The nerve fibres ruh down the tubero-infundibular tract,
many terminating on 6r in the vicinity of the primary capillary bed in
the median eminence that feeds the hypophysial portal vessels. Here
they transmit, into the blood stream, their neurohormones which are
then.passed down the pértal veins to control the output éf horﬁonés
from the epithelial cells in the anterior pituitary.

In addition to the anatomical considerations there is biochemical
evidence that the hypothalamus controls the secretion of anterior pit-
uitary hormones by means of releasing hormones or factors (Campbell

et al., 1961; McCann et al., 1960).
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Initially it was Eelieved that the secretion of LH and FSH was
-regulated by disérete releasing hormones; LHRH and FSH-RH respectiv-
ely (McCann é Ramirez, 1964; Schally et al., 1968). Later studies,
however, indicated that both natural and synthetic LHRH possess LH
and FSH releasing activity (A?imura et al., 1972). Support for the
notion that LHRH alone may control both LH and FSH release came from
reports that plasma LH and FSH levels fluctuate in parallel durihg the
menstrual cycle (Cargille et al., 1969; Swerdloff § Odell, 1969); Des-
pite the overall similarity of LH and FSH secretory patterns, dissoc-
iations of the secretion of these hormones have nonetheless been rep-
orted (Barraclough et al., 1971; Gay et al., 1970; Rubin et al., 1971).
Schally et al. (1971) proposed that the secretion of LH and FSH is reg-
"ulated by one hypothalamic releasing hormone, LHRH decapeptide, and
that the differential release of the gonadotrophins is regulated by
modulators such angonadal steroids. Studies by Franchimont et al.

_ (1974) produced resuifs suggesting that gonadotrophin secretory respon-
| ses to LHRH stimulation are influenced by the sex steroids which may
enhance pituitary sensitivity to LHRH.

The question of whether LHRH is the sole factor iﬁvolved in-the
hypothalamic control of both LH and FSH secretion has yet to be res-
olved to the satisfaction of all investigators. A detailed discussion
of this issue goes beyond the scope of the present review,. ‘In conclus-
ion, however, the consensus of opinion favours the notion of a single
decapeptide LHRH which stimulates the release of both LH and FSH.

The hypothalamic releasing factor has been named and abbreviated
in different‘wéys by different authors. The variations are: luteiniz-
ing hormone—réleasing hormone (LHRH or LRH), luteinizing hormone-
feleasing\factor (LRF), of gonadotrophic releasing hormone (GnRH).

Legan & Karsh (1975) use GnRH to designate synthetic preparations
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thch elicit LH reléase, whereas they use LRF to refer to the natural
releasing factor. In the present work the abbreviation LHRH will be
used throughout to refer to both synthetic and natural releasing fact-
ors. Where applicable the distinction between endogenous and exogenous
LHRH will be made.

In conclusion, hypothalamic LHRH regulates the secretion of gonado-
trophins and thereby the secretion of the gonadal steroids. This rel-
ationship, however, is not unidirectional.. A complete discussion of
the hypothalamic coﬁtrol of gonadotrophin secretion requires consider-

ation of the feedback action of gonadal steroids.

Gonadal steroid hormone control of gonadotrophic secretion

It is now generally recognised that gonadal steroids exert a reg-
ulatory effect on gonadotrophin release by means of complex positive
and negative feedback mechanisms acting at both the hypothalamic and

pituitary levels.

Steroid hormone control of tonic secretion of gonadotrophins

During the follicﬁlar phase of the cycle the low, basal or tonic
releaée of gonadotrophins appears to be regulated by ovarian hormones
acting in tﬁe region of the arcuate and ventromedial nuclei of the
hypothalamu§ (Barracldugh, 1973; Davidson, 1969; Donovan, 1972) as
well as at thellevel of the pituitary (Greeley et al., 1975).

The tonic secretion of LH and FSH is regulated by a negative
feedback action of oestrogen which allows the discharge of gonadotro-
phins in sufficient quantity to maintain normal folliculér development
and oestrogen secretion but not sufficient to independently initiate
the ovulatory gonadotrophin surge. A variety of procedures have been
employed to demonstrate the negative feedback action of the sex ster-

oids. Interruption of the negative feedback loop by ovariectomy (0VX)
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leads to elevated levels of plasma gonadotrophins (Greep, 1961). The
enhanced release of LH which occurs in the OVX female can be suppressed
by oestrogen administration (Kalra et al., 1971; McCann_& Taleisnik,
1961). Implantation or infusion of oestrogeh directly Qith the pituit-
ary has been found to exert an inhibitory action on gonadotrophin rel-
ease. This suggésts that the pituitary is one of the sites at which
oestrogen acts (Bogdanove, 1963; Ramirez et al., 1964; Rose & Nelson,
1957). On the other hand implants of oestrogen in the hypothalamus also
inhibited LH release and resulted in a reducpion in its conteﬁt of
storéd LHRH (Chowers & McCann, 1965; Ramirez et al., 1964).

| With regard to the pulsatile discharges of LH, the balance of
evidence is against attributing these spikes of gonadotrophin secretion
to fluctuations in negative feedback control by ovarian sferoids. It
has been suggested by Brown-Grant (1977) that the episodic secretion may
be superimposed on a system that may be sensitive only to sustained
changes in steroid levels.

So far mention has only been made of the inhibitory effects of
oestrogen. - Progesterone also exerts an inhibitory effect on gonado-
trophin secretion at certain stages of the mammalian réproductivé cycle.
Everett (1948), for example, found that an injection of progesterone,
early in the oestrous cycle, delayed ovulation. During the luteal
phase progesterone acts together with oestrogen in inhibiting gonado-
trophin secretion. During pregnancy progesterone inhibits further ovul-

ation, possibly by inhibiting the positive feedback effect of oestrogen.

Steroid hormone control of the ovulatory surge of gonadotrophins

It is a formidable task to attempt a clear exposition of this topic
because the role played by the individual gonadal steroids in the regul -

ation of the ovulatory gonadotrophin surge is still not fully understood.
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Although it is now apparent that the sex steroids interact in regulat-
ing gonadotrophin secretion the effects of oestrogen and progesterone

will be examined separately.

Stimulatory effects of oestrogen: Holweg & Junkmann (1932) were the

first to propose'that oestrogen exerts a facilitating effect on LH rel-
ease. There is now widespread, but not universal agreement that the
spontaneous mid-cycle gonadotrophin surges are the result of the rising
titre of oestrogen during the latter part of the follicular phase with
a subsequent positive feedback action of oestrogen (i) at the level of
the brain to release hypothaiamic LHRH, and (iij at the level of the
pituitary to facilitate LHRH induced gonadotrophin release (Arimura §
Schally, 1971; Aiyer et al., 1974; Davidson, 1969; Ferin et al., 1969;
Gordon § Reichlin, 1974; Jaffe & Keye, 1974; Kalra & Kalra, 1974;
Kastin, Gual § Schally, 1972; Knobil et al., 1972; Neill et al., 1971;
Piacsek § Meites, 1966; Schneider‘& McCann, 1970; Wang & Yen, 1975;
Yen, Vandenberg & Siler, 1974; Zeballos & McCann, 1975).

It has been demonstrated thaf the rise in urinary oestrogens and
plésma oestradiol precedes the ovulatory peak of LH in women (Burger et
al., 1968; Corker et al., 1969) and in the Rhesus monkey (Knobil, 1972}.
In rats the peak level of plasma oestradiol is found on the morning of
pro-oestrus, before thé'onset'of the LH surge (Brown-Grant et al., 1970;
Butcher et al., 1974; Smith et al., 1975). Furthermore, the ability of

.antisera, or chemical antagonists of oestrogen action, to block the |
surge, provides convincing evidehce for the prominent role of oestrogen
in the control of ovulation.

Administration of exogenous oestrogen has provided further evidence
of its positive feedback action. Everett (1948) observed that injection

of oestrogen on the second day of dioesfrus (5-day cycle) would advance
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ovulation by one day.

The anatomical site where oestrogen exerts its positive feedback
action remains a matter of active investigation. As Brown-Grant (1977)
remarks: '"The crucial question is where and how is the estrogen acting"
(p-63). Present evidence suggests that oestrogen exerts its stimulatory
effect at the level of the brain as well as at the level of the pituit-
ary. To argue in favour of one or the other as the '"main site' of act-
ion seems fruitless since it appears that the action of oestrogen af
the two levels is complimentary and not competitive.

With regard to "where" in the brain oestrogen exerts its positive
feedback action, it is now genérally agreed that the stimulatory effects
are mediated in the suprachiasmatic region and the preoptic area of the
hypothalamus; and possibly also in parts of the limbic system which are
known to contain oestrogen retaining neurons (Stumpf, 1970). This view
is based on the fact that lesions in the suprachiasmatic region prevent
ovulation (McCann et al., 1968), whereas implantation of oestrogen in
this area can advance puberty in the rat (Smith & Davidson, 1968).

Kalra § McCann (1975) and Goodman (1978) succeeded in advancing ovulat-
ion with oestradiol implants in the preoptic .area. Moreover, knife
cuts, which separate.the preoptic area from the remainder of the hypo-
thalamus block ovulation (Halasz § Gorski, 1967).

As to the question of '"how" oestrogen acts, it is presumed that the
facilitatory action of oestrogen is to increase the release of hypothal-
amic LHRH and subsequently the release of gonadotrophins by the pituit-
ary. Present evidence suggests that the facilitatory effects of oest-
rogen are not confined to the hypothalamus. It would appear that oest-
rogen also exerts a direct effect on the pituitary, influencing
gonadotrophin secretion. |

One of the main arguments advanced by those workers favouring the
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pituitary as the main site of oestrogen feedback action was thé failure
of researchers to demonstrate increased levels of LHRH in the hypophy-
sial portal vessel blood at thé appropriate timé, i.e. before or‘during
the sponfaneous LH surgé (Eskay et al., 1975; Fink § Jamieson, 1976).

A breakthrough in this areé was eventually made by Sakar et al. (1976).
Using Althesin, an anaesthetic that does not block ovulation, Sakar and
his colleagues demonsfrated'increased release of LHRH from nerve termin-
als in the median eminence with significaﬁtly increased levels of LHRH
in portal vessel blood on the afternoon of pro—oéstrus. It is signific-
ant that they also stressed the importance of increased pituitary res-
ponsiveness to LHRH on pro-oestrus. The increased pituitary sensitivity
tovLHRH could be due to either the sensitizing action of oestrogen or
the priming effect of LHRH on the pituitary or both.

Another objection raised by those favouring the pituitary as the
primary site of positive feedback action of oestrogen was the possibility
that oestrogen implanted in the hypothalamus could be distributed to the
pituitary by the portal circulation (Bogdénove, 1963; Palka et al., 1966).
In order to resolve this methodological issue Goodman (1978) monitored
the pituitary oestradiol concentrations préduced by the hypothalamic
implantation of oestradiol in the rat and compared these con;entrations
with the pituitary oestradiol levels normally associated with the LH

‘surge. The re;ults of his study suggest that the oestradiol levels found
in the pituitary during pro-oestrus is not sufficient to induce the pre-
ovulatory LH surge. Implantation of oestradiol in the medial basal
hypothalamus caused a significant increase of pituitary oestradiol but

~elicited an LH surge in only 6% of animals. 1In contrast, oestradiol
implanted in the preoptic area elicited an LH surge in 56% of animals
without significantly increasing pituitary oestradiol levels.

These findings do not preclude the possibility that oestrogen has a
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direct influence on gonadotrophin release by the pituitary. Indeed it is
now appreciated that the magnitudé of the changes occurring at the pit-
uitary level are far greater than was previously believed. .Dgcké &
Ddrner (1965) first proposed that increased sensitivity of the pituitary
gland induced by direct effect of gonadal steroids is, at least, partly
responsible for the preovulatory surge. This viewpoint was supported
by Weick & Davidson (1970) who went further to conclude that the anter—:
ior.pituitary‘is the main site of the poéitive feedback action of
oestrogen. |

Oestrogen has been demonstrated to have a direct effect on LH rel-
ease at the level of the pituitary (Piacsek § Meites, 1966; Schneider §
McCann, 1970). Evidence that oestrogens may enhance the sensitivity of
the pituitary to LHRH comes from the work of Arimura & Schally (1971)
who showed that the response to LHRH, on day dioestrus-2, of rats with
5 day cycles éould be facilitated by the administration of oestradiol
. benzoate on day dioestrus-1. Arimura § Schally (1972) were also the
first to present experimental evidence that the pituitary response to
LHRH is greater at the time of the preovulatory surge of gonadotrophins
in sheep and hamsters. Aiyer et al. (1973) observed that pituitary
responsiveness to exogenous and endogeﬁous LHRH increased markedly on
the afternoon of pro-oestrus in the rat. Since then the results of a
nﬁmber of other studies have added support for the notion that the gon-
adal steroids exert a direct effect on the pituitary gonadotrophs by
enhancing théir sensitivity to the action of LHRH (Aiyer et al., 1974;
Jaffe & Keye, 1974; Keye § Jaffe,'1974; Krey et al., 1973; Wang §& Yen;
1975; Yen et al., 1974).

Implantation of anti-oestrogens into the pituitary hés the éffect
of blocking ovulation (Bainbridge § Labhsetwar, 1971). This observat-

ion, together with the evidence reviewed so far, provides support for
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the argument that the stimulatory effects of oestrogen at the level of
the pituitary are_eésential for the release of an ovulatory quota of

LH. Aithough oestrogen appears to play an important role in determin-
ing the magnitude of the preovulatory surge, it is likely that the tim-

ing and duration -of the surge depends on other factors as well.

Stimulatory effects of progesterone: Everett (1948) showed that,

although the administration of progesterone early in the oestrous cycle
of the rat would delay ovulation, injection of the same dose later in
.the 5 day cycle (dioestruS—S) advanced ovulation by 24 hours. Later
studies provided experimental support for the suggestion (Everett,
1948) that the facilitatory effect of progesterone on ovulation was
seen only when the hypothalamo-pituitary system had recently been
exposed to oestrogen (Brown-Grant, 1969; Grayburn § Bro@n-Grant,'1968).
A number of studies have demonstrated that the administration of pro-
gesterone to oestrogen-primed ovariectomized rats results in a surge
of LH within a few hours (Caligaris et al.,1971a; Jackson, 1972;
Kalra et al., 1972). |

Furthermore it has been obsgrved that an injection of progesterone
on the morning of pro¥oestrus advances the time of LH release on that
day (Brown-Grant & Naftolin, 1972). Further evidence that progesterone
facilitates LH release on pro-oestrus comes from the studies performed
by Fink et al. (1975). Thgy found that oestradiol benzoate administ-
ered immediately after ovariectomy, on the morning of dioestrus-2 in
4 day cycle rats, éugmented the LH response to LHRH at 1330 h on pro-
oestrus. However, it failed to completeiy'restore the response, at
1830h, to thét level observed in sham operated rats. The administrat-

ion of oestradiol benzoate immediately after the operation and of

2.5 mg progesterone at 1300 h on pro-oestrus completely restored the

gonadotrophin response to LHRH.
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It appears that progesterone requires the prior and not simultan-
eousvstimulation of oestrogen. Progesterone administered simultaneously
with oestradiol suppresses the pituitary sensitivity to LHRH (Arimura
& Schally, 1972). While this finding does not exclude the possibility
that progesterone acts directly on the gonadotrophs, it does suggest
that progesterone, toéether with oestrogen, acts at the level of the
brain by modulating LHRH secretion. That is, it is likely that the
effect of the steroid hormones on pituitary responsiveness to LHRH is
the sum of actions exerted at the level of the brain as well as on the
gonadotrophs. Eshkol et al..(1975) came to a similar conclusion that
the site of the 'modulatory effects of ovarian steroids [can] not be
localized since the end result, ie the elevation of plasma gonadotrop-
ins, represents the sum total of an effect on the whole hypothalamic-
pituitary axis" (p.1065).

It appears‘that progesterone plays yet another impoftant role in
the regulation of the ovulatory gonadotrophin surge. Freeman and his
colleagues (Banks §& Freeman,;1978; Freeman et al., 1976) provide con-
vincing experimental evidence that progesterone not only enhances the
LH surge at the appropriate time but also plays the role of limiting
the expression.of the spontaneous LH surge to once every 4 to 5 days in
the rat. They>observed that,,iﬁ the presence of ovaries, the LH surge
apparatus'retainé the cdpability for daily expression even though it is
only activated once every 4-5 days. In the absence of ovaries a single
injection of oestrogen causes occurrence of a daily surge of LH for at
least 3 days after oestrogen administration (Caligaris et al., 1971a;
Legan & Karsh, 1975; Neili, 1972). Howévér, in intact animals the pro-
gesterone surge on pro—beétrus acts to ébolish the expression of a proé
posed '"daily neural timing signal for LH release" (Banks & Freeman,

1978, p.426). Their results provide no indication whether the



21

progesterone acts directly on the pituitary gland or at the hypothalamic

level.

The priming effects of LHRH

Evidence is gathering that LHRH itself acts to increase pituitary
LH release in response to later LHRH secretion i.e. LHRH primes or
sensitizes the pitﬁitary to itself (Aiyer et al., 1973, 1974; Fink et.
al., 1975; Gordon § Reichlin, 1974).

Aiyer et al. (1974) showed that after injection of two successive
doses of LHRH in phenobarbitoné_blocked pro-oestrous rats the rise in
plasma LH was much greater aftef the second injecpion. Gordon §&
Reichlin (1974) found that LHRH was more effective in elevating LH if
administered after tﬁe start of the LH surge than if administered before.
Similarly Zeballos & McCann (1975) repérted that LHRH injection at a
time when plasma LH levels were already eleVated on pro-oestrus, elev-
ated plasma Lﬂimore,'and more rapidly, than LHRH injection earlier.in
the afternoon{

Fink et al. (1975) éxamined'tﬁe possible mediating role of goﬁadal
steroids iﬁ the LHRH priming of the pituitary. They injected two suc-
~ cessive doses of LHRH‘at various intervals into pro-oestrous rats. The
LH response to the second injection was significantly greater than that
of the first, and was greatest when the two injections of LHRH were
separated by 60 minutes. However, théy foﬁnd that the increased LH
. response to a. second injectibn of LHRH was even greater in rats ovar-
‘iectomized immediately befdie the first injection. This finding would
suggest that LHRH priming ié not mediated by gonadal steroids. On the
.f'other'hand it‘has been observed that ovariectomy on the morning of di-

" oestrus resulted in a considerable reduction in the response to LHRH
on the afternoon of pro-oestrus. Furthermore oestradiol administration

at 1000h on metoestrus caused a significant increase in the response
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to the second of two injections of LHRH given on the afternoon of di-
oestrus (Aiyer et al., 1974b); It is difficult to resolve the issue of
where and how the gonadal steroids may Be acting. On the one hand
oestradiol may cause increased endogenous LHRH output which, in turn,
primes the anterior pituitary. Alternatively the oestradiol may act
on pituitéryvgonadotfophs increasing their sensitivity to LHRH; or act
at both hypéthalémic and pituitary levels. |

The resulté of studies by Blake (1978) suggest that the LHRH prim-
ing mechanism is more a function of the length of time that LHRH stim- |
ulates the pituitary than of the amount of LHRH which stimulates the
gland. This is in agreement with the observation by Fink et al. (1975)
that the LH response to LHRH is greatest when the two injections of
LHRH are separated by 1 hour.

"Short loop" feedback mechanisms in the regulation of
gonadotrophin secretion

In addition tb the feedback effects-of‘the gonadal steroids and
‘the priming effects-éf LHRH it is now generally accepted that another
type of control exists, whereby LH and FSH are able to control their
own secretion bY'iﬁquencing hypothalamic function. For this feedback
the name ''short', '"internal" of rauto" feedback has been proposed
(Martini et al., 1968). Evidence in favour of such feedback loops comes
from studies like that of David et al. (1966) who found that implant-
_ation of LH into thévmedian eminence resﬁlts in a decrease in pituitary
and plasma LH énd that of Martini et al. (1968) who demonstrated that
implénts of FSH in the median eminence lower pituitary FSH levels.

At present the'physiological_significance of such short loop feed-

back mechanisms is not known.
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The influence of environmental factors on reproductive function

It-has'bqen established that environmental factors exert an infl-
uence on the ;eproductive system via central nervous"pathways. For
exampie, it has been shown that temperature (Bohanan, 1939), light
(Piacsek § Hadtzinger, 1974) and sound (Zondek § Tamafi, 1960) exért an

effect on the 'reproductive cycle of lower animals. However, further

discussion_of‘this research is beyond the scope of the present review.

|

-In later chapters the effects of nutrition and emotional factors will

be examined in greater depth.

A final comment

The tremendous advances in the field of reproductive physiology
:during the last decade have been made possible by two important devel-
opments. |

The first is the development of the radio-immunoassay proceduré;
that: |

exquisitely sensitive analytic technique capable‘of dét—
ecting minute quantities of hormone in the blood stream

(Chedd, 1977, p.144)
The second development:
has been the virtual founding of a new science, that of
neuroendocrinology - the isolation, identification, syn-
thesis and modification of the chemical messengers by
which the brain exercises control over several of the
body's major hormone systems, including those involving
thyroid function, growth and fertility
(Chedd, 1977, p.144)
While progréss has beeh‘rapid the.complex and dynamic hormonal |
mechanisms regulating the mammalian reproductive system have not yet
been fully elucidated. For the present, ét'least, the research des-

cribed in later chapters will be interpreted in the light of available

knowledge.



Chapter 2

ANOREXTA NERVOSA - THE ORIGINS OF THE INQUIRY

Anorexia nervosa is a complex péychological disturbance seen typ-
ically in adolescent‘giils; although its onset in the mid-30's is rec-
ognised‘and a similar syndrome occurs rarely in children (Blitzer et
al., 1961) and’in.males (Beumont, 1970; Dally, 1969).

The descriptions of the psychological and physical features of
‘anorexia nervosa are nNumerous. Neve}theless,‘most clinicians would
agree that the fdllowing feathres, liéted by Beumont et al. (1976), are
characteristic of the disorder: |
(a) evidence of a pattern of behaviqur aimed at inducing weight loss.

Such béhaﬁiours include food refusal, avoidance of carbohydrate

and fat containing foods, streQuéus exercise, self induced vomit-

ing and purgatiqn.~

(b) a persistent pursﬁit of thinnesé; an admitted aversion to regain-
ing a normal weight, and denial of the severity and extent of
weight loss.

(¢) emaciation to a body‘weight at‘least below 80% of standard (stand-
ard weight refers fo the average weight of same sexed individuals
of the same age and height andkmay be derived from the Tables of
the_Societylbf Actuaries (19591.

(d) cessation of menstruation for ét least 3 months.

(e) absence of other physical of psyéhiatric g&%gé§§9.

Symptoms such as disorders of temperature regulation, lanugo hair,
peripheral oedéma are pfesumed to be secondary to the malnutrition. To
this 1ist of diagnostic'features-some clinicians would add further psy-
chological symptoms such as a disorder of perception relating to body
image, a morbid fear.of becoming fat, and othéf disturbances of‘the

patient's mental state.
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The symptom of central interest in the present work is the second-
ary amenorrhoea andvthe other symptoms-which may, in turn, be causing
the amenorrhoea. The aetiology of the amenorrhoea in anorexia nervosa
is still subject to aétive debate. It is to this controversy that
attention will now be directed.

The controversy surrounding the aetiology of
secondary amenorrhoea in anorexia nervosa

The controversy surrounding the aetiology of secondary amenorrhoea
in anorexia nervosa continues to beigenerated by a number of clinical
observations;

(a) Sécondary amenorrhoea is frequently observed in anorexic patients
before the onset of dieting or before significant weight loss has
occurred (Kanis et al., 1974; Kay & Leigh, 1954; King, 1963).
There is no unanimity on this issue since the reported frequency
of amenorrhoea preceding weight loss dr other characteristic sympt—
oms, varies considerably (Cfisp, 1967).

(b) The restoration of normal body weight of nutritionally rehabilit-
ated anorexic patients does not invariably result in the resumpt-
ion of normal menstrual function (Russell, 1969). Indeed some
females remain amenorrhoeic for 3 years after regaining normal
weight. »The patients who fail to menstruate continue, for long
periods, to show an absence of the ;yclical changes in gonadotro-
phins and oestrogens which characterize the normal menstrual cycle
(Crisp et al., 1973; Russell § Beardwobd, 1968).

" (c) It is firmly establishéd that involuﬁtary malnutrition and under-
nutrition can result iﬁ,amenorrhoea.  Studies of famine victimé
have revealed that women can becomé émenorrhoeic in the absence of
psycholdéical disturbance, épart frém'the stress directly related

to food deprivation (Gomez-Mont, 1959; Zubiran § Gomez-Mont, 1953).
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To add to the controversy about the aetiology of amenorrhoea
in anorexia nervosa is the observation that the amenorrhoeé of
famine victims is feadiiy reversible. Females previously suffer-
ing from ¢hionic malnutrition show increased gonadotrophin sec-
retion and resume normal menstrual funétion relatively rapidly
foliowing nutritional rehabilitation (Zubiran § Gomez-Mont, 1953).

It has already been observed that.é cardinal feature of anor-
exia‘ﬁerﬁosa is'behgviour giméd at inducing weight loss - food
refusal, avoidance ofléarbohydrate and fat containing foods,
self-induced vomiting and purgation. . In spite of the fact that
itAis likely that a part of the protein intake is being utilized
for gluéoneogenésis, Russell (1967j found in anorexic patients an

~extreme emaciation resulting frqm calorie deficiency and yet a
relatively preserved protein metabolism. That is, the malnut-
rition iﬁ anorexia nervosa is'xikely to be in the forﬁ of a car-
bohydrate and fat calorie defiéiency.

Althbugh it is generally agreed that malnutrition and weight
loss play a dominant role in maintaining the amenorrhoea during
the acute stages»of anorexia nervosa there is contention about
(i) the extent of the malnutrition or the degree of weight loss
required to precipitate the cessation of ﬁenses. Some authors
vsuggest:that'weight’loss needvnot be marked. For example,
Shearmaﬁ (1969jreportéd that the aﬁenbrrhoea‘in teenagers on
"crash diets“ occurred abruptly and preceded significant weight
loss. (ii) the extent to which the persistent amenorrhoea,
occurring in some patients after restoration of normal weight,
is a function of nutritional or bod? weightkfactors.

In the present study both of these issues are investigated by

‘means of animal experimentation. The effects of malnutrition and
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and undernutrition on human aﬁd animél réprédﬁctive physiology is
discusséd at greaterllength in Chépter 4.

It is now firmly'establishéd that psychological factor§ alone can
be responsiblelfor the cessation of mensés. .These‘amenorrhoeas
have been termed the "psychogeﬁic" or "hypothalamic" amenorrhoeas
(Klinefelter et al., 1943; Reifeﬁstein;‘1946).: Clinicians have
observed that traumatic experiences, emotional turmoil and even
changes in_environment may be followed by amenorrhoea (McCormick,
1975). The physiological méchanisms operating in these instances
are still to be elucidated, aithough they are assumed to be exert-
ing anveffeCt at-the hypothalamic level (Russell, 1972a) by inhib-
iting hypothalamic regulation of gonadotrophin secretion.

Tﬁe psychological disturbance in anorexia nervosa is not as
clearly understood as, for example, in the neuroses. There appears
to be no common psychological pattern or developmental history that
characterizes all anorexics. Admittedly, a releﬁtless pursuit of
thinness, possibly as the result of a morbid fear of fatness,
appears to be a central theme in the psychopathology but this gives
us little insight into more fundamental psychological processes;

processes which are presumably operating in those cases in which

the amenorrhoea has an early onset.

Becau%g of the wide.variety of differeﬁt situations or events
that appéér to precipitate menstrual disturbances, the téndency is
to referlto the patient as being in a.stéte of "stress'". The
broad and vague nature of the term “stress", simply reveals our
ignorancé about the precise psfchological processes involved. 1In
the case-ofvanorexia nervosa this is understandable since there
appears‘to be no consistent description'of the mental state of the

anorexic patient nor supporting evidence of heightened physiological
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arouéal.A Nevertheless, clinical observations seem to suggest that
psychological factors are prominent, in some pgtients, in precip-
itating the amenorrhbea and in maintaining it, even after nutrit-
ional rehabilitation.

The effects of experimentally induced stress on gonadotrophin:
secretion and other aspects of the reproductive physiology of the
female rat have been investigated in this study and are reported

in Chapter 5.

Having examined the source of the controversy it is now appropriate
to discuss the possible aetiologi;al factors responsible for fhe amen-
orrhoea in anorexia nervosa.

It is probably true to éay that af the physiological level the
amenorrhoea is the result of an inhibition'of.the cyclical hormonal
changes, particularly the mid-cycle»LH sufgé (Nillius § Wide, 1972;
Russell, 1972#). What causes the inhibition of the ovulatory surge and
where these causal factors are exertiﬁg‘their effect is a matter of some
speculation. A number of different hypbtheses have been proposed.

(a) One 6f'the earliest views was'that the amenorfhoeé is a result of
a primary pituitary dysfpncfion. The bulk of the evidence does not
supéort this view and it isnﬁo Ionger believed that anorexia nervosa
resembles Simmond's disease or pan hypbpituitarism._ The general
consensus of opinion favouxs the hypothalamus as the site of the
dysfunction; but there is présently insufficient evidence to specify
the cause of the hypothalamic dysfunction. |
(b) One hypothesisAis that the amenorrhoea is due to é primary hypoth-
alamic dysfunctidn/lesion of ﬁnknoWn:origin. It has been observed
that patients with tumours in the hypothalamic region present with
symptoms similar to that of anoreiia nervosa tKagén, 1958; Lewin

et al., 1972). However, the finding that the menstrual disturbance
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is reversible, even though_prolonged in some cases, ddes not pro-
videvsupport for the notion of a primary hypothalamic defect. As
Meck]enbérg'et al. (1974) obsérved the persiStencé of defeéts of
water balance andvthermo regulation, found in some patients, may
be due to irreversible changes in hypothalamic function caused by
the previous malnutrition. Fries (1974) raised the‘possibility
that a primary hypothalamic disorder makes séme women susceptible
to acute emotional conflicts and/or weight change. According to
Fries (1974), however, there is no present evidence of a hypothal-

~amic '"locus minoris resistentiae" (p.31).

(¢) A further possibility is that the hypothalamic d}sfunction is sec-
ondary to malnutrition. Few would disagree that malnutrition plays
a prominent role in haintaining the amenorrhoea during the acute
sfages of anorexia nervosa. However, malnutrition can't be the
cause 6f the amenorrhoea in all cases because many patients cease
menstruating prior to weight loss and ih some cases menses do not
automatically follow correction of the malnutrition. It is still
not knowﬁ whether malnutrition can cause damage to the hypothalamus;
a form ofbdamage from which the patient takes some time to recover
following restoration of normal weight.

(d) The hypothesis most freduently proposed to account for the early
onset of amenorrhoéa and its persistence after nutritional rehabil-
itation iS that there is a functionalldisturbénce of the hypothal-
amus that is induced in some, as yet;:uhdefined way by psychological
conflict or anxiety. Mecklenburg et.él. (1974) claim that this is
the tradifionél viéw to which most psychiatric investigators sub-
scribe. Establishingvthat psychological factors are primary is a

_hazarddus ventufe since anorexia nervosa is a disorder characterized

by both psychological disturbance and malnutrition and most patients
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present only wh¢n the malnutrition ié relatiQely advanced.

{e) Since .both péychological and nutritional factors aie known to
.cause secondary amenorrhoea investigators generally refer to one of
both factors in accountiﬁg for the menstrual disturbance. However,
in view of our ignorance we must accept the possibility that an un-
known factor may be céusing the amenorrhoea as well as“the feeding
and psychological disturbance (Russell, 1972a).

(f) A viewpoint not frequently expressed, but one which could éccount
for the variety of patterns of menstrual disturbance, is that the
aetiology may be‘multifactorial. ‘It seems feasible that several
aetiélogical factoré either actihg on their own, or in combination,
could account for the different clinical observations. Such a
multifactorial interpretation is in agreement with the findings of
an epidemiological study of aefiological factors in éecondary amen-

orrhoea (Fries et al., 1974).

Endocrine changes in anorexia nervosa

It is now'appropriate to review the studies reporting on the endo-
crine disorder.in anorexia nervosa and to examine what support they pro-

vide for the various hypotheses proposed to account for the amenorrhoea.

Hormonal levels during the acute stage

Duriﬁg the acute phases of anorexia nervosa decreased excretion of
gonadotroﬁhins has been observed (Beardwood, 1974; Mecklenburg et al.,
1974; Russell et al;, 1965). With the development of more sophisticated
radioimmunoassay procedﬁrés ihe levels of circulating gonadotrophins and
gonadal steroids have been investigated more thoroughly and precisely.

- During the‘acute phase of anorexia nervosa the levels of piasma LH

are markedly reduced and there is an absence of the cyclical changes in
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gonadotrophins that characterize the normal menstrual cycle (Beumont
et al., 1973} Danowski et al., 1972; Lundberg et‘ai., 1972; Marshall"
& Fraser, 1971; Warren § VandeWieie, 1973);

Santen & Bardin (1973) reported that the episodic LH secretion pat-
‘fern in anorexia nervosa differs from that found in normél females in
the follicular phase. The LH impulses, while still present, were of
low amplitude and low frequency.

The 24 hour LH secretory pattern of patients during the écute phase
of anorexia nerﬁosa has been shown, in.twovseparéte studies; to resemble
that found in normal prepubertal or pubertal premenarcﬁal girls (Boyar
et al., 1974; Kalucy, 1974). The LH secretion pattern is characterized
by very low hormone levels during wakefu1ness and substantiélly higher
ievels in plasma during sleep. These findings are interpreted by Boyar
et al, (1974) as suggesting a regression to more immature LH secretory
patterns.

Brown et al. (1977) reported a significant correlation between
plasma LH ievels and weight loss. 1In contrast they fouﬂd no relétion—
ship betweeh plasma LH levels and caloric intake or duration of amenor-
rhoea. Similarly Beumoht et a1. (1976) found that reduced plasma LH
levels are related to the weight loss and not to caloric intake.

Although_the secretion of FSH is usuaiiy reduced, the plasma FSH
levels are nqt;as consistently low as thevplasma LH levels. That 1is,
the impairment of FSH secrétion appears to be less pronounced (Danowski
et al., 1972; Lundberg et al., 1972; Marshall §& Frasef, 1971; Warren §&
'Vande Wiele, 1973). The results of a study by Béumont et al. (1976)
suggest that FSH secretion is less susceptible to body weight loss.

They reported that FSH was abpormally low gnly in patients below 70% of
. standard weight. The mean plasma FSH 1evels,for'patient$ greater than

70% of standard weight did not differ significantly from those of normal
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women during the follicular phase. In contrast, the mean plasma LH-Val;
ues were significantly lower than normal in patients below 80% of stand-
'ard weight.

Associated With the low gonadotrophin levels is décreased oestrogen
secretion. The low oestrogen levels found during the acute phase of
.anorexié nervosa is considered to be secondary to the reduced gonado-
trophin secretion (Aono et al., 1975). |

Abnormal prolactin levels during the acute phase of anorexia nerv-
~osa have beenfreported.(Mecklenburg et al., 1974). In the majority of
pﬁtients, however, the plasma prolactin levels have Been found to fall
in the normal range (Beumont et al., 1974; Mecklenburg et al., 1974).

Studies of pituitary hormones, other than the gonadofrophins, have
yielded conflicting findings. Aé Brown et al. (1977) observe, plasma
cortisol and plasma growth hormone are reported as normal or elevated;
some patients have been described as euthyroid, while instances of red-
uced levels of thyroxine and triiodothyronihe have been reported.
-Anorexia nervosa is not -associated with a global failure of anterior
pituitary function and the long held view that anorexia nervosa resemb-
les Simmond'é;disease, or pahhypopituitarism, is now recégnizéd as a

myth.

Hormonal levels during rehabilitation and after weight gain

As weight is gained during rehabilitation, the levels of circulat-
ing gonadotrophins and“gonadal steroids tend to rise, but this is not
an invariable finding (Crisp et al.;‘1973; Marshall § Fraser, 1971;
Wakeling et al.,l1976, 1977). 1In some cases the basal LH levels remain
abnormally iow even after tﬁe restoration of normal weight (Nillius §&
Wide, 1977; Wakeling et al., 1976).

In those instances in which gonadotrophins levels do rise to
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normal levels there appears to be‘é rclationship between weight gain
and increased.gonadotfophin lévels; Furtherhore‘if has beén reported
that FSH shows earlier recovery fhan.LH during the course of nutrit-
ional réhabilitétion.(Beumont et al!, 1976;vNillius & Wide, 1977).
‘BeumOﬁt et al. (1976) found that basal levels of both LH-and FSH Tise
with weight gaiﬁ, with a linear correlation between goﬁadotrophin

[+)

'1eve1$ and‘bOdy weight (expressed as % of standard). The return to
'nqrméi'basal FSH 1evels occurred earlier &ﬁring rehabilitation, while
thevpatients were still in the 70-79% standard weight category. Plasma
LH‘and Qestradiol values did not'reaéh the normal range until fhe pat-
* ients were'weighing 80%kor more of standard weight.
| vThe observation fhat basal LH levels remain persistently low in
some nutritionally rehabilitatéd patients'has been the source of some
speculation. Rﬁssell (1969) suggested that»difference in ‘the severity
and_duratién of'Weight loss may account for the différent secretion pét-
terns.found in sbhe rehabilitated patients. Howevef; Kanis et al.
(1974) found that tﬁé rise in gongdotrophin levels in their patients
after treatment did not appear to be related to the severity or duration
of the weight loss. This is likely to remain a moot point until the |
severity and duration of inanition and.its relationship with.gonadotro;
phin levels after tfeatment is further investigated. |

Wakeling et -al. (1976j proposed some alternative explanations for
the persistently lowvbasal LH levels after restoration of normal weight. -
One proposal is thét the centre.resfohsible for the basal or.tonic rel-
ease of gohadotrophins remains unresponéive, possibly because of greater
' sensitivity‘tovthe.negative‘feedback effects of the albeit low levels
of oestrogen. Other explanations may be a persistent unresponsiveness
of the anterior pituitary due to depletion of gonadotrophins consequent

upon decreased LHRH secretion, or a refractoriness of the ovarian
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follicle (Marshali & Fraser, 1971).

With the resumption of normal weight the amenorrhoea may persist
for months or even years (Dally, 1969). Studies of the patterns‘of
hormone excretion and secretion in such cases have revealed an abseﬁce
of the cyclical changes in gonadotrophins and oestrogens which charact-
erizevthe normal menstrual cycle (Bell et_al., 1966; CriSp.ét al., 1973;
: Marshall G Fraser, 1971; Russel §& Beardwood, 1968). That is, there are
some patients who ha&e'basal LH levels restored to normal but who fail
to show resuhption of the éyclical events found in ovulating women.
This éuggests a persistent dysfunction of the centre(s) responsible for
controlling the cycles of gonadotrophin release and ovulation.

The failure to reéesume normal rhythmical changes of gonadotrophihs
and gonadal steroid secretion after restoration of normal body weight
is difficult to explain simply in terms of weight loss or malnutrition.
With regard to the latter, Mecklenburg et ai. (1974) raise the possib-
ility that starvation damages the hypothalamus. This hypothesis, how-
ever, so far'iacks experimental suppoft.

Returning to tﬁe issue .of body weight it may be séid that restor-
_ ation of norﬁal'body weight is a prérequigite for the resumption of men-
struation but that.othef, as yet unidenfified, factors, operate in per-
petuating the amenorrhoea. Dally § Sargént (1966) suggested that nor-
mal menses return in anorexic patients oniy after the psychological
disturbance hés been resolved, in addition to their maintaining a nor-
mal body weight. Results Qf animal studies have suggested thét basal
gonadotrophin‘secretion'is regulatéd'separately from the mid cycle
‘surge (Barraciough & Gorski, 1961; Halasz_& Gorski, 1967). Evidence
suggesting that basal seéretion, but not_bha;ic secretion, is affected
by changes in;body weight comes from sfudies of obese patients on red-

uction diets. Although gonadotrophin levels decreased the rhythmical
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pattern of gonadotrophin output was maintained; in contrast to the
acyciic secretion pattern found in anorexic patients (Beardwood, 1974;
| Russell, 1972aj. Russell (1972a) proposed that deprivation of
calories and carbohydfateé in anorexia nervosa might interfere with
basal levels but that it does not account for the interruption of gon-
adotrophin cycles. Beardwood (1974) observed that the phasic mid cycle
surge in animals is, to a large extent, neurally mediated and suggested
that the phasic secretioh in anorexics may be more readily affected by
' psychological distreés than by weight loss. Although conceding that
alternative explanations may exist? Russell (1972a) also proposed that
central nervous mechanisms, triggered off by psychological disturbance,
may be implicated in the acyclic patterns found in anorexic patients.

Studies of the 24 hour LH secretory patterns of nutritionally reh-
abilitated anofexicsv(BOyér etAal., 1974; Boyar & Katz, 1977) also pro-
vide support for the notion that weight loss alone is insufficient to
account for the endocrine changes found in anorexia nervosa. The find-
ings are more suggestive of a multifactorial aetiology. For example,
Boyar et al. t1974) observed thét one of their patients, who had re-
gained normalvweight, showed a ”maturation” from an early pubertal LH
pattern to oné characteristic of a normal adult woman. This, however,
is not an invariable finding_in nutritionaily rehabiiitated patients.
Studies of othér patients which revealed abnofmal 24 hr LH secretory
_ patterns, even when tﬁey had reached near-normal body weight, led Boyar
and Katz (1977) to conclude that |

a regression or arrest of the 24-hr LH secretory 'program'

is not solely dependent on weight loss in patients with

anorexia nervosa. The finding that "immature' LH secret-

ory patterns can occur in patients who fulfil the psychiat-

ric criteria for anorexia nervosa but who are of near-

normal ideal body weight suggests that the psychiatric

abnormality and its neurochemical correlate can also be as-
sociated with abnormalities of gonadotrophin secretion.

(p. 183)
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This.observatioh-does not exclude the possibility that weight fac-
tors are implicated in the abnormal LH secretion patterns in the nutrit-
ionally rehabilitated patients of.Boyar § Katz (1977). Although all
their patients had reached the ”critical'weight” (47.5 = 0.8kg) at which
the menarche occurs in normal pubertal girls (Frisch, 1972), recent
evidence éuggeéts that an even greater weight needs to be achieved be-
fore normality is restored. Frisch § McArthur (1974) suggested that
fatness may prove to be an even more critical determinant of the men-
arche and ovulation. It seems. that adolescent girls who have had an
episode of secondary amenorfhoea needvto achieve a higher weight and a .
greater amount of fat before menstrual bléeding resumes (Editorial, BMJ
1975). A similar conclusion was drawn with regard to anorexia nervosa
patients by Crisp & Stonehill (1971). They found that patients who had
become amenorrhoeic at a time when their weight was greater than 47.5
kg, had to regain weight to a level equal to that at thé onset of the
amenorrhoea before ménses reappeared.

In conclusion, the relationship between body weight and the onset,
maintenance and persistence (after nutripional rehabilitation) of the
amenorrhéea or abnormal gonadotrophin secrétory patterns in anorexia
nervosa is still to be fully elucidated. ' The balance of available
evidence seems to favour a multifactorial aetiology with not all fact-
ors operating equqlly in all patients. ‘Indeed, in some cases a single
factor may be dominant; in other caseé a 5eparate factor may dominate,
whereas in other cases the factors may interact. At present, all that
can be concluded is that; in different pafients, either body Qeight,
residual psychological disturbance or other faétors may account for the
observed abnormalifies, either separafely or in interaction. This view-
point is supported ahd most clearly illuétréted by.the observations

that (a) some patients become amenorrhoeic prior to dieting and (b)
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some nutritionally rehabilitated batients‘rémain amendrrhoeic'and/or

continue to display ébh&rmal gonadotrophin secretory patterns,and (c)
other rehabilitated patients.fesﬁme normal meﬁstrual function shortly
after.normal body weight has been restored.

Pharmac@logical tests with anorexia nervosa patients during the
acute phase and nutritional rehabilitation

In an attempt to investigate more fully the nature and location of
the endocrine dysfunction in anorexia nervosa researchers have admin-
istered exogenous hormones and other provocative agents to anorexic pat-
ients. Before reviewing these studies it is appropriate to introduce a
note of caution. Whereas these tests are likely to provide some val-
uable insights into understanding.the mechanisms underlying the endoc-
rine disturbance, it should be remembered that respdnses to thése phar-
macological tests may not provide a true depiction of the endogenous
hormonal miliéu (Boyar §& Katz,‘1977). Because of the complex inter-

. relationships which exist between the hormones of the HPO system, and
the intricacy of the various feedback systems interpretations of ob-
served responses must be offered withvcaution; that is, interpretion‘of
results are, at best, Speculative. These tests may nevertheless provide
some vital clues to understanding this baffling disorder.

The three main stimulatory or provocative tests emploYed in the
investigation'of anorexia nervosa patients are (a) the clomiphene cit-
rate stimulation test .(b) the oestrogen-provocation test - (c) the LHRH

test.

'(a) The clomiphene citrate stimulation test:
Clomiphene citrate is thought to act by competing for and thus
blocking oestradiol receptors in the tonic centre of the hypothal-

amus and in.the anterior pituitary; thus preventing the negative
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feedback effects of oeétrogen (Franchimont, 1971; Maurer § Woolley,
1971; Newton § Dixon, 1971). It is presumed that the Blocking of
the negative feedback action at the hypothalamic andvpituitary
levels results in the increased synthesis and secretion of LHRH
and gonadotrophins respectively (Ross et ai., 1970).

The use of this test in endocrine investigation,. as distinct
frém its therapeutic application, is to évaluate the integrity of
the hypothalamic-pituitary axis and, potentially, the entire HPO
aiis (Katz, 1977).

The normal response to clomiphene is described as‘an initial
rise of serum LH and oestradiol levéls during administration of
clomiphene. There is a fall in LH levels before a secondary LH
"~ peak which occurs 3-9 days (Marshall et al., 1973) or 5-8 days
(Jacobson et al., 1968; Ross et al., 1970) after clomiphene is
stopped. Ovuldtion-may thereby be induced in women with anovulat-
ory infertility whose pituitary and ovaries are responsive
(Wakeling et al., 1976).

Acute phase: Marshall & Fraser (1971) and Beumont et al. (1973)
found tﬁét clomiphene, administereﬁ during the. acute stage of anor-
exia néf&osa failed to cause an increase in blood LH levels or to
induce.menses.v These findings have been generally confirmed by
Travaglini et él. (1976) who found th;t clomiphene administration
induced'én'incréase in gonadotrophins in dnly 1 out of 7 patiehts
and by Wleling, et al.(1976) who report that, in the malnourished
state,'the response to clomiphene waé-usually either absent or
incbmplete. Aono et al. (1975), however, found an increase in
serum LH in 3 out of 5 patients during the administration of
clomipﬁehe, with the sécondary peak of LH Qcéurring in one of

these S'patients. All three patients who showed a response
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weighéd less than 80% of normal weight. However, it is not clear
whether these patients had entered the recovery stage or not.
Aono ef.él.‘(1975) do, however, describe the patient showing the
secondéryALH peak as being‘”at the recovery stage'. The finding
of respénses to.clomiphene in‘patients below 80% of standard

» weight (Aono et al., 1975) is inconsistent with the findings of
Marshall & Fraser (1971) and Beumont et al. (1973) who found res-
ponses only in those patients who had achieved 81% of the ideal
body weight and 80% of standard weight respectively.

During and after nutritional rehabilitation: Marshall § Fraser

(1971) and Beumont et‘al. (1973) found an increase in basal levels
of LH as well as a LH response to clomiphene in patients weighing
more than 80% of standard showéd the secondéry LH peak, followed
by menstrual bleeding. A relationship between body weight and
responsiveness to clomiphene has been demonstrated by Brown et al.
(1977).g»They repért that the LH résponse to clomiphene was signif-
icantly correlatéd with weight loss and that there was no relat-
ionship between the response to clomiphene and the duration of

. amenorrhoea.

Restoration of weight, however; does not invariably result in a
normal response'tovclomiphene.: Marshali et al. (1973) found that
6 out of 8 anorexic patients who had regained weight showed an
incomplete response td‘élqmiphene. That is, there was a rise of
LH during clomiphene administration but thereafter levels.fell to
béseline without the aﬁpearance of the secondary LH beak. Absim-
ilar-finding'has been reported by Russell § Wakeling (1974} and
Wakeling et al. (1976). They reported that after the resumption
v of normal weight the second LH peak>énd subsequent menstruation

were frequently not demonstrated.
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Factors other than the nutritional status must presumably be
. present tovaccount'for the incomplete response to clomiphene in
patients whose normal body weight has been restored. The finding
-of an initial LH fesponse to clomiphene but an absent secondary
peak sﬁggeéts that the hypothalamic negative feedback mechanism for
oestrogens is functioning and is being effectively blocked by
clomiphené; The failure to show a secondary LH peak suggests
that non—nutritidnal factors inferfere with the hypothalamic pos-
itive feedback mechanism. Marshall et al. (1973) propose that
these findings provide support for the proposition that there are
two separate hypothalamic feedback centres in women, and shows that
in some anorexic>patients only the positive feedback mechanism is
impaired. |

The nature of the disturbance of the positive feedback meChan;
ism is yet to be established. It could be due to an insensitivity 
of the tonic centre to oestrogens or the absence of the required
surge of oestrogens because of ovarian refractoriness (Wakeling
et al., 1976). The results of studies employing oestrogen provoc-
ation and LHRH administration, to be reviewed shortly, suggest
that the defect lies in the hypothalamus and not at the level of
the anterior pituitary or the ovaries.

As to the cause of the presumed hypothalamic dysfunction,
Wakeling.et al. (1976j‘pointedfout'that the frequent absence of
the clomiphene fesponse after malnutrition has beenvcorrected,
taken together with the finding of amenorrhoea antedating weight
loss in some patients, suggests that non-nutritional factors are
implicated.' They spgculatedﬂthat psychological factors may be
responsible for the persistent endocrine disorder, observing that

it is "true to say that the psychological disturbance is prominent
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throughout the course of the illneSs; and is often the last
abnormality to become resolved" (Wakelihg et al., 1976, p. 379).
As convincing as this argument may appear, such an explanation is
still hypothetical.

The oestrogen provocation test:

Andther way of investigating the mechanisms underlying the
amenorrhoea in anorexia nervosa is to test the capacity of the
hypothalamic-pituitary axis'tp respond with changes in LH release
to the negative and positive feedback df.exogenously administered
oestrogen at different stages of treatment.

In normal women the oestrogen administration initially causes
the lowering of the plasma LH levels, presumabiy as a result of
the negative feedback action of the oestrogen. This is followed,
48-96 hrs lafer, by an acute rise in circulating LH levels, pre- -
sumably as a.result of the positive feedback action of oestrogen
acting on the tonic centre in the hypothalamus and possibly on the
pituitary as well (Baird et al., 1975; Tsai § Yen, 1971).

The most thorough inyestigation published_tb date, of the
effects of exogenous oe;trogen on the release of LH in subjects
with anorexié nervosa, is that of Wakeling et a1.7(1977). The
following review relies heavily on their report.

Wakeling'et al. (1977) reported thét prior to significant.
weight gain oestrogen administration produced a lowering of serum
LH in those‘patients with measurable LH levels, but failed to pro-
duce a positive'feedback release of LH in any patienté;'

In patients tested after the restoration of normal weight the
negative feedback effects were more apparént but oniy_one'quarter

of their patients showed the complete response to oestrogen with a

subsequent positive feedback release of LH. These findings led
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Wakeling et al. (1977) to suggest

that in anorexia nervosa the ability of the hypothal-
.amus to respond to the positive feedback effects of
estrogen is more impaired than its ability to respond
to -the negative feedback effects. Furthermore, the
ability to respond to these positive feedback effects
is clearly influenced by the patient's weight. They
were not demonstrated prior to the resumption of a nor-
mal weight and until basal LH levels had risen to nor- .
mal. However, the capacity of the hypothalamus to res-
pond to the positive feedback effects of estrogen was '
still impaired in the majority of patients even after
these criteria had been fulfilled.

(p. 206)

This finding, Wakeling et al. (1977) observed, is in keeping with
the results of the studies using clomiphene which suggest that the'
failure to menstruate in rehabilitated patients is the result'of.
an impaired hypothalamic response to the positive feedback effects
of oestrogen. They suggest that in recovery from anorexia nerVosa
there is a feturn to normal HPOIactivity in a definite sequence
which recapitulates puberty i.e. during recovery the hypothalamus
first responds to the negative feedback effects of 6estrogen, but

only at a later stage does it respond to the positive feedback

. effects. '

Although recovery is dependent on weight gain, the‘faét that in
some patients the amenorrhoea persists for long periods following
restoration of normal weight suggests that non-weight dependent
factors are operating in these case;.?nOnce again the possibility
of residual psychological disturbance is raised in order to accoﬁnt
for the prolongéd-hypothalamic dysfunction (Wakeling et al.; 1977).

The LHRH test:

The LHRH test is widely used as a test of pituitary function.
A positive response is. characterized by a rise of LH reaching a

peak 15-30 minutes after intravenous injection. FSH elevation is
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less marked and maximum levelé are‘usually aéﬁieved:60—120 minutes
aftér injection. Before concluding.fhat the response is absent it
must be shown that neither conventional doses (lOOug),.nor largér
doses (500ug), nor more prolbnged administration (100ug per day for
5 days) of LHRH produces any effect (Katz, 1977). |

In order to.facilitate a clear discussion the effects of acute
or prolonged LHRH administrétion during the acute phase of anorexia
nervosa or during nutfitional'réhabilitation, will be discussed
separately.

Acute phase - acute LHRH administration: The results of the num-

erous studies employing single intravenous injections of LHRH dur-
ing the acute phase of anorexia hérvosa demonstrate the great var-
iability found in endocrine invesfigations of this disorder. The
response.during the acute phése of anorexia nervosa has been des-
cribed varibusly as absent, impaifed or normal. The variation is
not only between investigators but also within the same series of
patients being investigated. Fﬁrthermore the different findings do
not appear to be relatéd, in any consistent way, to the severity or
duration of emaciation.

The éb§ence of a LH response fo.a single injection of LHRH isv
not foﬁnd with great regularity but still frequently enough to sug-
gest that this ié not a chance finding nor the resﬁlt of technical
errors (Aono, 1975; Mecklenburg et al;, 1974; Nillius & Wide, 1977;
Warren, 1977; Wérfen et al., 1975). _This finding, in some of their
patients, led Mecklenburg et al. (1974) and Nillius & Wide (1977)
to éuggéstveither (i) a primary pituitary defect or (ii) a pituit-
ary defect secondary to a relatively sévere'and chronic hypothal-~
amic deficiency of LHRH which results in decreaséd pituitary cont-

ent of.gonadotréphins. The results of prolonged LHRH administration
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studies tend to supﬁort the latter as the most likely explanat-
ion,.

However, it has been found that the majority of patients do
respond to LHRH administration even if the response is an impaired
or réstricted'one (Aono et al., 1975; Beumont et al.,v1976;
Crosignani et él., 1974; Lundberg.et al., 1972; Sherman et al.,
1975; Travaglini et al., 1976; Yoshiﬁoto et al., 1975). THe'LH
response of ﬁatients below 70% of standard weight (Beumont et al.,
1976) or 70% of ideal body weight.(Sherman et al., 1975) was
§triking1y impaired. lNillius & Wide (1977) reported that the LH
response of a group of 26 women with a mean body weight of 66% of
mean ideal body weight was only one third of the normal response.

- The finding of an LH response, alBeit an imperfect one, providé§
indirect evidence that the pituitary function of the majority of
patienté-in the acute phase of anorexia nervosa is intact.

Furthermore, a number of investigators have reported finding an
LH response to a singie'administrétion of LHRH, duriﬁg the acute
phase, that is equal to that found in normal women during the fol-
- licular phase of the menstrual cYcle (Aonb et al., 1975; Mecklenburg
et al.{l1974; Mortimer et al., 1973; Wiegelman § Solberg, 1972).

A great variability in the FSH response to LHRH administration
during fhe acute phase of anorexia nervosa has also been observed.
In some patients the FSH response is found to be impaired (Beumont
et al., 1976; Warren, 1977), preserved (Nillius § Wide, 1977;.
Sherman et al., 1975) or sometimes even increased (Nillius & Wide,
1977). It is difficult to acéount for fhese different respohses.
Beumont et al. (1976) suggested that their patients with impaired
FESH responses may either have been mére sevérely emaciated or the

duration of emaciation was greater than that of patients
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>investigated ih other series. However, no consistent relationsﬁip
between éeverity or durafidﬁ of cmaciation and ihpairment of the
FSH response has been demonstrated.

In the case of those patients showing normal FSH responses to
LHRH'it is tempting to view the endOcriﬁe disturbance in these
pafients as a fegression to a prepubertal-like state. In normal
prepubertal girls the FSH response to LHRH is ﬁormal while the LH
response is minimal (Roth.et al., 1972). It has been suggested
that the decreased LH responsevto exogenous LHRH in prepube?tal
girls is due to inadequate endogenous.secretion of LHRH (Roth et
al., 1972). This observation adds further support for the view
that there is impaired synthesis and/or release of LHRH from the

hypothalamus in anorexia nervosa.

Acute phase - prolonged LHRH administration: Studies involving
bthe prolonged exposure of the pituifary to LHRH provide further
'supﬁort.for the viewpoint that reduced secretion of‘pituitary gon-
adOtrophins in patients with anoréxia nervosa is secondary to in-
adequate endogenous secretion of LHRH from the hypothalamus.

To patients éhowing poor responses to a single LHRH injection,
Aono et al. (1975j administered. a drip infusion of 400ug LHRH
over a period of one hbur. The majofity of patients showed LH
and FSH responses greater than those observed after a single LHRH
injection. Further improvement was observed when the patients
Qere tested with a proionged LHRH test. Six consecutive daily
' iﬁtramustular injections of 100ug of LHRH were given followed by
an intravenous ihjéction of 100ug of LHRH on the seventh day. All
patients showed graduél improvement of_Lﬁ and FSH responses on
consecutive days and the responses to the I.V. injeéction of the

seventh day were normal. These findings suggest that the poor
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responses to single injections of LHRH shown by some patients 1is
most likely due to a dysfunction at the hypothalamic rather than
the pituitary level. As Aono et al. (1975) observed, patients with
known organic pituitary lesions do nof show enhanced LH or FSH .
responses following prolonged LHRH tests.

Nillius, Fries § Wide‘(1975) énd Nillius & Wide (1977) were
able to induce follicular maturation and ovulation in amenorrhoeic
women in the acute phase of anorekia nervosa by means of prolonged
treatment with LHRH (500pg LHRH three times daily for about 4
weeks). Nillius & Wide (1977) hypdthesised that the decreased LH
response to exogenous LHRH, seen-in anorexia nervosa patients,
like that seen in normal perpubertal girls, is secondary to inad-
- equate endogenous secretion of LHRH. ”They'found thgt prolonged
LHRH administration to anorexic patienfs resulted,in-é'change from
the prepubertal-like response pattern to a ndrmal.preovulatory res-
ponse pattern after about two weeks. This reversal, they suggested,
may be due to self priming effects of LHRH on the pituitary acting
together with the modulatory feedback effects of oestradiol at the
pituitary level. Prolonged treatment with LHRH not only restored
the pituitary reserve‘capacity for gonadotrophin secretion but also
induced cyciical changes in'the,gonadotrophin seéretion with subseq-
uent oQulatory menstrual cycles. The induction of ovulation
together with restoration of normal basal ovarian steroid secretion
indicates'that there is no ovarian failure nor refractoriness in
anorexia nervosa.

Overall, the reéults of thé studies reported on in this section
suggest that reduced secretion of pituitary gonadotrophin in pat-
ients witﬁ anorexié.nervosa is secoﬁdary to hypothalamic dysfunct-

ion.
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During and after rehabilitation - acute LHRH administration:

Recent studies have demonstrated a correlation between LH and FSH

- responsiveness to LHRH and increasing bbdy weight in anorexia ner-
vosavpatients (Beumont et al., 1976; Brown et al., 1977; Palmer et
'al., 1975; Sherman et al., 1975; Warren et al., 1975). In con-
trast, Warren (1977) reported that women who had developed amen—
orrhoea in a setting other than weight loss did not.show an LHRH
responsiveness which was correlated with body weight. Although the
general finding is increased LH and FSH responses to LHRH with
weight gain there is little agreement concerning the degree of
recovery required before normal responses are observed.

It is not infrequently observed that in some cases there is an
exaggerated LH response to LHRH during the recovery period.
Although tﬁe reasons for the excessive responses are not clear it
is interesting to note that 4 Similarlhyper-responsiveness to LHRH
has been found in children as they enter pubérty (Roth et al.,
1972). -Onée again we have the suggestion that recovery from anor-
.exia nervosa is a recapitulationvof puberty.

Wheré;abnormal FSH responses to LHRH have been found (Beumont
et al., 1976; Warren et al., 1975) the recovery of the FSH res-
ponse appears to occur earlier in the recovery process than the
LH response. Beumoﬁt et al.(1976) provided an interesting hypoth-
esis to accoﬁﬁt.for the disparate LH.and FSH responsiveness to
LHRH during recovery. Their findings and those of Warren et al.
(1975) suggest that LH is more sensitive to weight loss than FSH.
Beumont et al. (1976) suggested that the sequence of recovery
during Meight_gain may be: an initiai recovery of FSH release,
resultin% in gonadal stimulation with an increase in oestradiol

which sensitizes the pituitary to LHRH, resulting in an enhanced
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LH response. This hypothesis is consistént with experimental evid-
ence that gonadal steroids exert an effect on the responsiveness
of.pituifary gonadotrOpﬁs to LHRH stimulation (Aiyer et al.,
1974;vArimﬁra & Schally, 1971; Jaffe & Keye, 1974; Krey et al.,
1973) .

In the studies reported on so far it has been observed that
some anorexia nervosa patienfs remain amenorrhoeic for a long
while after restoration of normal body weight and that these amen-
orrhoeic ﬁatients presumably have a normal pituitary response to
LHRH when normal weight is restored. These observations, taken
together, suggest that factors unrelated to weight gain must be

operating, possibly by perpetuéting a hypothalamic dysfunction.

Conclusions and research objectives

The bulk of the experimental evidence points to the hypothalamus
as the primary site of the dysfunction in the secondary amenorrhoea of
anorexia nervbsa. Pituitary gonadétropﬁin levels may be low or dep-
1eted, but the results of pharmacological tests generally indicate that
this:is secondary to reduced syhthesis or secretion of LHRH from the
hypothalamus rather than due to a primary pituitary defect. Even dur-
- ing the acute stagé of énorexia nervosa, prolonged LHRH treatment hasv
proved to be §ucéessfu1 in restoring normal gonadotrophin responses and
eﬁenlin'induging ovulation. The:ability'of.the ovaries to respond to
gonadotrophin stimulatibn exéludes ovarian refractoriness as é signif-
icant factor.

While most investigators are in agreement that the hypothalamus is
the sitevof the dysfunction the causes or factors responsible for the
dysfunction remain a topic of active debate. It seems‘likely that dif-

ferent factors operating at different times, individually or in
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combination, are responsible for the different patterns of menstrual
disturbénce. For example, endocrine studies of anoreiics during rehab-
ilitation indicate that body weight is a crucial determinant of hormone
concentration. It does not, however, seem to be prominent in tonic con-
trol of gonadotrophin release which may still be impaired after nutrit-
ional rehabilitation.

It was observed earlier that investigations of anorexia nervosa
patients are complicated by the fact that nutritional and psychological
diéturbénces are likely to coexist in this disorder. In the present
studylthe research strategy was to investigate the effects of psychol-
ogical and nutritional factors, at first individually, and then in com-
bination, on Ehe reproductive physidlogy of the female rat. The use of
laboratory animals wés necessary because Qf'thé obvious limitations on
human experimentation. The study to be repérted on involvés the manip-
ulation of nutritional and psychological variables and an investigation
of their eff%ct on the physiological system of a lower animal; namely
the reproducgive system of the female rat.

The present work represents the first reported.attempf at an exp-
erimental inyestigation of the separate and.then combined effects of
nutritional deprivation and_experimentally.induced stress on the repro-
ductivg physiology of the same straih_bf rat. |

There c%n be no pretence that a condition equivalent to aﬁorexia
nervosa was created in the rat in the 1abo?atory. The intention was
to investigate the effects of certain variables on a reproductive sys-
tem, the hormbnal mechanisms of which are essentially the same as those
regulating the human cyéle. While similarities exist it is recognizedb
that caution needs to be exercised when discussing thé results of this

study and their relevance to human subjects and anorexia nervosa.
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The specific research objectives will be presented in the intro-
duction to eth expériment 6r series bf experiments. At this stage fhe
research objectives will be outlined in more general terms. By means
of an experimental approach a number of issues related to reproductive
disorders occurring as a consequence of malnutrition and/or psycholog-
ical disturbance wefe:investigated in this research. The findings are
discﬁssed in terms of their support for, and opposition tb, existing

vhypotheéés-abbut the reproductive disturbance in anorexia nervosé.

The aimsgof the présent research can be summarized as follows:

(i) To investigate the effects of a systematic reduction of the cal-
oric components of the diet on reproductive function. The aim
was to determine the severity and duration of caloric restrict-
ion réquired in order to alter gonadotrophin levels and disrupt
normal cyclical activity. I; there a relationship between weight
loss, reduction of gonadotrophin levels and cessation of cycling?

In broad terms the purﬁose of these investigations was to
deterﬁiﬁe how sensitive the reproductive system is to changes in
calorié intake. Some clinicians ciaim that relatively minor
changes in food intake, without causing significént weight loss,
may exert a disruptive effect on cyclical activity. Alternativ-
ely it could be propoéed that reproductive function will only be
disturbed by nutritional deprivation when the latter affects the
ability of the organism to'support'gestation,

(1i1) To employ phafmocological tests in ofder to determine which éom-
ponenfs of the HPO axis are dysfunctidnal during nutritionally
induced anoestrus and before recovery during rehaﬁilitation.
Tests similar to‘thoée used in the investigation of the Tepro-
ductivé dysfunction in anorexia nervosa Qere employed.

(iii) To determine whether nutritional rehabilitation, following severe
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caloric deprivation, results in full recovery of the reproduct-
ive system. Is there evidence ofnlasting damage caused by the
nature and duration of the malnutrition imposed? |

| Of particular interest was the duration of nutritional reh-
abilitation and the extent of weight gain required before res-
umptioﬁ of ovulatory cycles was observed. A related objective
wés to.determine whether there is a relationship between the
duration of malnufrition and the time taken to recover from the
effects of malnutrition. Will resumption of cyclicélvactivity
be delayed_if,the period of mainutrition has been an extended
one?
To establish the nature and duration of experiméntal stress
treatments required to alfer gonadotrophin levels and to dis-
rupt cyclical activity in fully fed rats. The aim was to estab-
lish the minimum amount of stress treatment required in order to
induce‘anoestrus.
To investigate changes in reproductive function when nutritional
deprivation and experimentai stress factqrs are imposed at the
same fime. The aim was to determine whether inferior nutritional
status resulté in increased susceptibility of the reproductive
system to disruption by stress. Stated more specifically the
aim was to determine whether stress accelerétes cessation of
cycling and délays resumption of cyclical activity'when rats
are subjected to, or are recovering from severe caloric restrict-
ion.

To employ pharmocological tests in an attempt to identify the

site(s) of dysfunction in the event of anoestrus persisting in

stressed rats after the restoration of normal body weight.
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The research objectives summarized above weré»prémpted by a.num—
ber of unreso}véd questions'concerﬁing éSpecté of the reproductive dis-
turbance found in anorexia nervosa patiehts. ‘The research cérried out
in an attempt to achieve these objectives is described in Chapters 4-6.
The relevance of the findings of this researcﬁ to an understanding of

the menstrual disturbance in anorexia nervosa is discussed in Chapter 7.

{
i



Chapter 3

METHODOLOGICAL DETAILS

Subjects and housing

Throughout the reéearch BLU:LE Long-Evans descent hooded female
rats were used. Ali.animals were 4 day'cycling,Avirgin, adult females
bred in the University of Cape Town Medical School animal house. On
fhe day of weaning they weré transferred to a rat stock room in the
Department of Psychology, University of Cape Towﬁ. They were housed in l
groups of five in a temperature controlled (22t10C), sound attenuated
and artificially illuminated room with a lighting scheduie of 10 hours
darkness (2000 -.0600h) aﬁd 14 hours of light.

_Pelletéd rat food’(Epoi, Vereeﬁiging Consolidated) and water were
provided éd libitﬁm.

During the experimental phases the rats.wefe hoﬁsed in a separate
room with the same controlled ehvironmenfal‘conditidns asvthe stock
room. In the expefimental room the rats were individually housed in
steel cages (Acme) with wire screen floors raised aone the dropping
| “tray to prevent copraphagia.
 Body weight was measured regularly by placing each rat into a lidded
cage on a triple beam balance. Body weight was recdrded to the nearest

whole gram,

- Vaginal smear records were taken each day by inserting a small swab,
dampened witﬁ distilled water, a short way into the vagina. The smeérs
were allowed to dry on a glass slide, without fixation, and were.exam—
ined microscopically'at'a magnificatidn of_lOO. ‘The various stages of
‘the oestrous cycle were identified on the BaSis of fhe relative pro-
~portions of épithelial cells, leucocytes and keratin preéent, as des-
cribed by J. A. Long and H. M} Evans in 1922. In the present research

the days of the 4 day cycle were designéted: oestrus, metoestrus,

53
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dioestrus, and pro-oestrus.

Handling and gentling: occurred daily when the vaginal smears were
taken and body weights were measured.

Normal control values: 'The normal growth curve of individually housed

Long—Evansvfemale.rats fed standard pelleted rat food and water ad
libitﬁm from age 5-15 weeks is shown in'SupplementaryVStudy No. 1
(Appendix A).
~ In Supplementary Study No. 8 (Sée Appendix A) the following con-
trol values were obtained from fully fed, non-stressed adult rats at
differeht times of the day on each day of the oestrous cycle.
v(i) Serum LH concéntration |
(a) of-chronically cannulated rats
(b) of rats sacrificed by cervical dislocation.
- (ii) Pituitary LH content and concentfation.
. (iii) Organ weights —‘pituitary-gland, ovaries, uterus, and adrenal
ﬁ glands. | |
(iv) Number_éf surface corpora_lﬁtea and follicles reaching criterion
size.
(v) Number of tubal ové:present._
In Supplementary Study No. 7 vaginallémears were taken daily for
a period of 12 weeks from a group of 30 non-stressed fully fed, mature
‘female rats. The incidenée and naturé of vaginal smear pattern aberrat-

ions are presénted in Appendix A.

Quantitative feeding

Feeding jars In order to monitor food consumption food was provided

in a non—scatt?ring feeding jar similar to that described by Kirsch
(1972). Glass ointment jarS with a 5 cm diameter mouth were .attached

~to the grill floor of the cage. To reduce'spillage the food was
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covered by a fréely hoving aluminium diSCQ perforated with 5 holes each
12 mm in diameter. Thié disc, while allowing ready access to food but
© preventing the scattering of food, could not.be moved beyond the neck
of the jar once it had been fitted.

Daily (24 hr) food consumption): was measured by weighing the feeding

jar before it was. placed in the cage and again the following day before
' refilling with food. Food consumption was recorded to the nearést wﬁole
gram. ) |

Spillage The'Tesults of Supﬁlementarvatudy No. 2 revealed that spil-
lage of food amounted to less than 2%_of‘the total amount of food con-
suméd (Appendix A). Since the amount of spillage was so small a cor-

rection factor was not employed.

Preparation of experimental diets;.

.Basal diet: A modifiéation of fhe casein diet described by Harper
(1959b) was used as the basal mixture (hereafter referred to as the
v‘jbasal diet).  1

The composition of basal diet is shown in Table 1.

Table 1

Composition of Basal Diet (g/100g)

Casein E S 20.0

Dextrin ' .  _ 67.1
Mineral Mixture _' 4.4
Vitamin Mixture ' 2.2
Maize oil : : 4.0
vHake oil - _ 1.0
Choline chloride - g.3

DL cystine : 1.0
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‘Notes:

1. ,.Milled”césein,»go mé$ﬁ Suppiiedbe'the Milk Board; Witwatersrand
Area (Ceftificate of éﬁalysis according to International Dairy
Federation Specification CE Doc 20 was provided).

2. White dextrin (acid hydrolysed starchj was donated'by Glucose §

| Starch Products Ltd;; Bellville. |

3;> -Minéral mixture recommended by Nationél Food Research. Institute,

- CSIR, Pretoria (Dreyer, 1976, pers. comm.).
Forvcomposition'refer to Appendix'B.

4. Vifamin diet fortification mixture supplied by ICN Pharmaceuticals
Inc. Catalog No. 104654.

For composition refgr to Appendix B.

5. Maize oil supplied by Cape Oil, Cape Town.

6. Hake oil supplied by Marine Oil Refineries, Simonstown.

7. Choline chIoride: Merck AG. | |

8. As casein ié knéWﬁ to be low in its cdntent of sulphur containing
amino écids,‘Dchystine was addéd fbvcbmpensate for a possible
deficieﬁcy of methionine, the first limitihg amino acid in césein
(Harper; 1959a). |

k The results éf Supplementary Study‘No.iZ revealed that the basai
diet was capable of supporting normal growth. The aﬁount of basal diet

consﬁmed was similar to that of crushed pelleted rat food (Appendix A).

The results of Supplementary Study No. 3 suggest that the basal diet

was a palétable one.

Dextrin reduction diets In the present research the amount of dextrin

in the basal diet was systematically reduced. Hereafter these diets
are referred to as dextrin reduction diets. The composition of the

dextrin reduction diets are shown in Table 2. .
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Composition of dextrin:reduqtion dieté (g/100g)

Casein

Dextrin

Mineral Mixture
Vitamin Mixture
nMaize oil

Hake oil

Choline Chloridé

DL cystiné

. % dextrin reduction

25 50 75 100
24.0 30.1 40.3 60.8

60.5 50.5 33.8 -
5. 6.6 8.9 13.4
2. 3.3 4.4 6.7
4. 6.0 8.0 12.2
1. 1.5 2.0 3.0
b. 0.5 J.6 J.9
1. 1.5 2

0 3.0

The reduction of dextrin was compensated for

by increasing the

quantities of all other components, but still maintaining the same rel-

ative proportions of all ingredients except dextrin.

The quantities of dextrin reduced diets to be provided were cal-

culated by multiplying the 24 hr intake of basal diet of ad libitum fed

control rats by the following factors:

25% dextrin reduction = ¢}.8322
S0 v v = g.6645
75% " " = 0.4968
T = 0.3290

' These factors are derived from the change in the dextrin component pro-

portionate to that found in the basal diet. In this way the absolute’

" quantities of the other components of the diet remained the same as

that of the ad libitum consumed basal diet.

For example: Ad libitum fed rats consume 18g of basal diet

o per day.
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.. Rats on 25% reduction diet receive
18 x (-8322 = 14.98 or 15g of 25% dextrin reduction diet.
With the exception of dextrin, both groups of rats received the same

absolute quantities of the dietary components, as shown in Table 3.-

Table 3

Absolute quantities (g)

. 14.98g25%
18g basal diet dextrin reduction

Casein _ 3.6 ) 3.6
Dextrin 12.08 9.06
MineralvMixture | 0.792 : @792
Vitamin Mixture C0.396 0.396
Maize oil o 0.72 0.72
Hake oil 0;18 : - ©.18
Choline chloride - 0.054 . | 0.054
DL cystine_ | 0.18 | 0.18

Dextrin and fat free diet (DFF diet): In this diet the dextrin and

oil componentS{were excluded. The composition of the DFF diet is shown
in Table 4.
Table 4

Composition of DFF diet (g/100g) -

Casein : 71.7
Dextrin _ ' -
Minerai Mixture - 15.7
Vitamin Mixture _ 7.9
Maize oil » S
Hake oil -
. Choline chloride 1.1

DL cystine - 3.6
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' The quantity of DFF diet provided was computed by multiplying the 24 hr
consumption rate of the basal diet by ad libitum fed rats by 0.2790

‘(e.g. 18 x 9.2790 = 5.02g).

Mixing of dietary componehté:' The procedure of trituration was employed
in the mixing of the components of the diet. The dry powdery casein and
dextrin_were added, in small quantities, to the moist mineral and vit-
amin ingredients to create a homogenous mixture. The same‘procedure

was repeated when adding the mixtufe to the oils.

Feeding schedules: The feeding jars containing the measured quantities

of experimental diet remained in the gages'except when they were removed
for re-filling. The procedure.of allowing experimental éubjects to have
.24 hr access to food was adopted after the results of Supplementary
Sfudy No. 4 revealed that rats did not adjust to an "interval feeding" |
regimen in which access to food was restricted to a single daily 2 hr
period. After 16 days feeding on the 2 hr interval regimen the mean
body weight and mean food coﬁsumption rate of baéal diet fed rats were

. significantlyllower than those of ad libitum fed rats. The resulfs of
Supplemeﬁtary Study No. 5 revealed that iﬁcfeasing access to food by a
further 2 hr‘interval (i.e. 2 x 2 hr infervéls) did not result in food
intake feaching control values. These findings are not consistent with
those of Stead & Brock (1972) whé repérted that rats‘adjusted to a 2 hr
- interval fee&ing schedule after 1 week.

Comment on bulk compensation: Mason (1968) raised the possibility

that the reduction of bulk intake in nutritional research could result
in the animals experiencing stress. In Supplementary Study No. 6 a
non-nutritive bulk filler (Vermiculite) was added in different proport-
ipns to the basal diet.',It was found that, when the filier made up

the greater volume of the mixturé) normaliintake was feduced. It was

concluded  that, in the present research, the use of the bulk filler
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would introduce the problem of regulation of the nutritional content of

consumed feeds, (refer to Appendix Aj.

Stress induction procedures

Restréining deVices: - Adjustable restraining devices, built to the
ﬂspeCifications reported‘by Crbwell & Bréwn (1973), were used to immob-
ilize the rats in the restraint stress experiﬁents; Two intermeshing
setsvof 7 parabolic shaped stainless steél rods éreated an ellipficél
chamber adjustable to the size of each.animal. "The device, designed

to hold small animals immobile, provided for rapid confinement and rel-
ease and minimal discomfort apart from the imposed immobilization. The
devices, which are electrifiabie, were used in the classical fear con-
ditioning experiments.

Conditioned emotional response procedures.

~ Lick training and lick suppression testing

A 20x20x23 cm operant chamber (Ralph Gerbrands Co. Model C) was
-used during lick training and lick suppyessién testing. At one end a
"hole was centred 8cm above the grid floor_through whiéh a drinking tube
" could be inserted. TheAend of thé drinking.tube was positioned .3cm
behind the hqle in the pérspex wall so that all except thé-rat's tongue
was insulated. from contact with the drinkingvtube. Licking was det-
ected by a sensor incorporaﬁed into the end of the drinking tube and
lick réte wés displayed on an electronic counter (Hewlett-Packard 5221B).
Other researchers have reported thatriicking‘occursvin an all or nothingv
fashion (Schaeffer § Preméck, 1961) and that the mean_lick rate for
. adult rats fs 5—6 licks pér'second (Léaton, 1974). .That is, rats
'eitﬁer lick at a fate of 5-6 licks per second or do not liék at all.
Since the electrbnic counter wasAnot equipped to measure a lick rate of ~

_this magnitude, total licking time in seconds was automatically
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multiplied by a.constant factor of 6 to give the total number of licks
during any given"time‘peridd.

The operant‘chamber and drinking tube were housed in a separate
air conditioned and sound attenuated room. The electronic counter was
locatéd in an adjacent room.

Classical fear conditioning The electrifiable restraining cage has

been judged suitable for classical aversive conditioning (Crowell §&
Brown, 1973). It has the advantage that it does not require removing
the animal's hair, or using special electrodes, to present shock.

_ The unconditioned stimulus (US), produced by a BRS Electronics

Shock Generator (Model SGS-001), was an electric shock of 1 sec dur-
ation delivered via the coils of the restraining cage. In order to
prevent habitﬁation_to the CS (Svendsrod § ﬁrsin, 1974) the shock int-
ensity was increased gradually during the conditioning period: Days
1-5, .50ma; days 6-10, .ésina; days 11-15, '.80ma.

The conditioned stimulus (CS) was the turning on, for 5 sec, of

*"a lamp, suspended 20ém,above the transparent ceiling of the conditioning
cage. This increased thé illumination at thé floor of the cage from
28 to 120 lumens per square foot. in the case of the predictable shock
trials the 5 sec CS eprgure immediately preceded the US presentation.
In the unpredictable shock trials the CS éﬁd US were randomly inter-
spersed. |

The preéentatién of the CS and US>were controlled by means of a
programmable randomizer unit designed and constructed in the workshop
of the Department of Psychology,‘University'of Cape Town. Thé unit
consisted of 3 plastic discs each designed to accept 80 actuator pins
.within 2mm ofvits outside perimeter, providing up to 80 micro-switching
operationé per rotation. " The 3 discs coula be mounted'simultaneéusly

on a boss which was driven by a synchronous motor at one-sixth of a
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- revolution pér.minute. One disc (A), cloéest'to the shaft base, was
v'used-excluéivgiy,for sélf—homing.purpbses, giving autométic start/stop
capability. The other two disés (B and C) were individually programmed
by the insertion of actuator pins into the holes near their perimeters.
With a cycle duratibn of 6 min there was a 4.5 sec duration between |
adjacent piﬁs,‘ On-off times were initiatéd by,thé triggering of micro-
'switches by the actuator pins..

During the ﬁredicfable shock trials disch was employed and the
switch outputs were interfaced with the CS lamp and the shock generator
so that prior to the onset of the shock the lamp went on for 5 sec and
the shock wasvdeliyefed fpr the ensuing 1 sec. |

'During the uhpredictable shock trials the discs B and C were ran-
doﬁly progfammed to independently actuate on and off times of the US and
CS respectively. Programming of the discs involved the random placement
of 3 actuator pins on each disc. Random numbers tables were used to
generate individual programmes for eaﬁhvtrial.

Faecal bolus counts: Initiélly it was intended to use a faecal bolus

count aé an index of emotionality in rats -subjected to restraint orvthe
CS (Brady.G Nauta, 1953; Kreezer, 1949)."However, the fats invariably
defaecated and urinated when placed in fhe:restraining device, and the
meéhundmber of faecél boluses remained’appfoximately the séme. This
gave.hnlindication’that stress had been induced when the rats were
_iﬁmobilized but gave no measure of the eitent of emotionality. Becaﬁse
the number of faecal boluseé remained similar in all restrained groups
over a period of time, lengthy summariésvof these data are not pro-

vided.

Chronic Jugular Cannulation

The technique employéd:was based on a modification by Querido
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'(1975)'of the procedure described by Steffens (1969). The method allows
for frequent sampling of central venpus blood and infusion of exogenous

hormones without disturbing the conscious rat.
Method

Materiéls:
Trilene (trichloroethylene) ICI Ltd.
Ether (diethyl) |
22 gauge disposable syringe needle shaft; 1.25cm in length
10cm length of silastic tubing (Dow Corning Cat. No. 602-131)
Sterile saline (M.L. Laboratories)
Heparin injection B.P. (Evans Medical Ltd.)
Poly vinylpyrrolidone (PVP) solution (E. Merck A.G.);
1 gm PVP in 2 ml heparinized saline (500 and 1000 units per ml.)
30cm lengthl of polythene tubing (P.E.60-ID'0.030 OD 0.048,
Intramedic polythene tubing, Clay Adams division)
22 gaugé metal.Luer-needlé.attachment with 1 cm length of smoothly
polished shaft | -
% solution of tincture of iodine in 70% ethanol.
Terramycin solution - 20mg/ml.
Surgical instrumgnts,
. Procedure |
After induction and mainténance of anaesthesia, with trilene and’
ether reSpectively;hthe'right exterhai jugular was exposed and then
~ pierced and c;nnulated at a paint 5mm caudal to the junction of the
anterior jugular, acromiodeltoid, and cephalic veins. The.silastic
cannula was anchored.in positibn_by means of suitably placed.ligatures
and was passed under the skin to a position in the midiine of the baék.

There it was connected to a metal cannula which was sutured in poéition
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with approximately lcm projécting vertically from th¢ back. The ext-

| ernalventranqe to the metal cannulaiwas blocked by a plug fashioned to
’fit snugly onto the>cannu1a but still removabie by the experimenter.
‘The cannuli were kept patent by the infusion of PVP in heparinized sal-
ine (1000 units Heparin/ml) into the silastic and metal cannuli. Fol-
10Wing éurgery all rats were allowed a recovery period of at least 3

'days'before being used in an experiment.

Blood samples: were aspirated by removing the plug and slipping the
polythene tube over the free end of the metal cannula. Blood was with-
drawn through the polythene tubing into a i ml syringe after disposal of

the maintenance PVP solution.

Sampling procedures for radioimmunoassay

Blood samples: were collected in two ways in the present research:

{i) by drawing blood through an iﬁdwelling jugular cannula
(ii) by collection of trunk blood immediately following cervical dis--

location. |

These pfocédures were adopted since it was believed that they were
lesé likely fo cause changes in hormonal balance as a result of stress
or of the effects of anaesthetic on LH secretion. Although Campbell
et al. (1977) reported tﬁat blood values of gonadotrophins ‘in sémpleé
obtained by orbital sinus puncture, under light ether anaesthesia,
were'essenfially duplicated iﬁ blood_collected from decapitated rats,
others have-demonstrated a significant facilitatory or depressing
effecf of anaesthesia on serum LH concentration (Duhn et al., 1972;
Querido, 1975). |

The volume of blood drawn at each sampling in chronically cannul-
ated rats quA0.4 ﬁl. Samples were nevéf drawn more than 6 times from

each rat in a singie day.
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'Blood samples were allowed to clot and serum was separated by.
centrifugation. - Serum saﬁples were ;mmediately aliqpotfed in triplic-
ate, in0.0S ml.quantities in cépped Thomas tuBes and stored af -18°¢c
until assayed.

. A comparison was made between fhe serum LH values obtained from
samples collected by means of the two procedures described. above.

There was no significanf difference between the two differently saﬁbled
groups Qith regard.te’the serﬁm LH.levels at various times of the day
on each day of fhe oestrous cycle. |

Pituitary samples: During autopsy the'pituitary glands were removed

and weighed. Each gland was placed in 1 ml phdsphosaline buffer;
pH 7.6 and disrupted.by means of a.Branson Medel B12 Sonifier Cell
Disruptor;. Cellular debris was allowed to settle and the superhatant
was diluted 1/400 and 1/800 with phosphosaline buffer, pH 7.6. Each
. dilution was gliquotted in triplicate and stored at —JS?C until
"~ assayed. |
The pituitary LH content was erpressed in terms of ug LH/pituitary.
The pituitary LH concentration was expressed in terms of ug'LH/mg
pituitary wetlweight.

Measurement of rat luteinizing hormone by
double autibody radioimmunoassay

The radioimmuhoaSsay for tBe determination of LH is aAwell estab-
lished procedure (Berson § Yalow, 1973) and the microtechnique for the
measuremeﬁt of LH in rats is a tried and proveﬁ techniqﬁe (Naftolin §
Corker, 1971; Querido & Beardwood, 1977). | -

S1nce the identical procedure of Quer1do § Beardwood (1977) has
been used only "the reliability criteria of the assay w111 be presented

here.
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Reliability criteria

Sensitivity of the assay: Midgley ef al. (1969) have defined the sen-
sitivity of the assay as the.least amount df hormone that can be dis-
-tinguished from no hormone. The sénsitivity of the assay was derived
by comparing the percentage binding in the 8 ng/ﬁlwand.16 ng/m1 tubes

with the zero‘binding tube in 11 consecutive standard curves (Table 5).

Table 5

Comparison of percentage binding in the 8 ng/ml and 16 ng/ml
tubes with the zero binding tubes in 11 consecutive standard
: curves (where C = x ¢/m/.05 ml)

‘Sample Tube

Std 0 ng/ml 8 ng/ml 16 ng/ml
Curve C - NSB C - NSB B/B % C-NSB B/BY%
1 5405 5401 99.9 5159  95.4
2 4942 4688 94.9 4896  99.0
3 4865 4999 102.7 4789 98.4
4 5718 5301 92.7 5390 94.3
5 5443 5482 100.7 5408 99.4
6 - 5175 4199  81.1 4506 87.0
7 6084 6006 98.7 5953 97.8
8 6117 6172 100.9 5747 93.9
9 5847 5285 90.4 5317 90.9
10 5916 5708 96.4 5513 93.2
11 4718 4675 99.0 4526 95.9
X 96.15 95.02
SD - 6.22 3.76
Paired t-test - ' S | t = 2.06 Tt = 4.39
p <8.05 p < 4.0025

It was determined that the sensitivity of the assay was 8 ng/ml
since the corresponding percentage binding value (96.216.2%) was

significantly different (p <0.05) from the zero binding value. The



67

difference between the mean 16 ng/ml value (95.0+3.8%) and the zero

binding value was significant (p <.0025).

Reproducibility: The reproducibility of the technique was estimated
by‘measuring the LH levels in rat serum standard in consecutive assays
(interassay variation), and by measuring LH levels in replicate samples
of rat éerum étandard,in a single assay (intra-assay variation).

The coefficientlof intef-assay variation, calculated ffom 5 con-
secutive assays, was +8.1% (Table 6). The coefficient of intra-assay
.variation, calculated from 10 pairs of rat serum standard in a single
assay, was *8.2% (Table 7). The.coefficient of interassay variation
(+8.1%) compares well with the ieborted values of +7.5% and +12.7% by
Naftolin § Corker (1971) and Seki et al. (1971) respectively. The co-
efficient offintra-aSsay variation (t8.2%)"wa§, hoWever?-slightly'

higher than the value of ts%:reported by Naftolin § Corker (1971).

Table 6

Inter—Assay Variation

Coefficient of inter—aésay variation calculated
from LH values (ng/ml) of rat serum standard
samples in five consecutive assays

LH ng/ml
49
45
40
42
42

Coefficient of Variation 8.1%




Table 7

Intra-assay variation

Coefficient of intra-assay variation calculated
from sequential LH values (ng/ml) of rat serum
standard samples in a single assay ’

ng/ml

Coefficient of variation

Counts Mean Mean-~-NSB B/Bo%
5023 5126 4886 89.8 38
5229
- 2041 4999 4759 87.4 43
4957 '
4872 5025 4785 87.9 42.5
5177 ' -
5167 5148 4908 90.1 37
5128 |
5012 5029 4789 88.0 42
5047 «
5064 5013 4773 87.7 42.6
4961 - :
5033 5079 4839 88.9 40,
5152
4868 4920 4681 86.0 47
4973
4922 | | |
4851 4887 4647 85.4 48
4947 5054 4814 88.4 41
5160 -
X 42,11 -
SD 3.47
8.245%
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Administration of pharmacological agents

LHRH administration to cannulated rats

Materials and apparatus:

Stoetling Co. infusioh‘pump.

Stock solution of LHRH: Gpnadorelin (Ayerst Labofatbries) made up
in .01M phosphosaline_buffér to_coﬁfain 50ug LHRH/ml.

Infusion dose: ,Stoék;splution_was diiuted-with physiological
saline to contain 50 ng LHRH#.OS ml. |

Bolus dose: Stock'solutidn.waé.diluted with physiological saline
to contain 50 ng LHRH/.i ml.

Heparinized saline: cdntaining 250 units of heparin per ml.
Procedure: A length of polythene tubing‘was connected to the met-
al cannula and a pre-treafment.blood sample was drawn. The poly-
thene tubing was then connected to the infusion pﬁhp and Volgmesi
of .05 ml heparinized saline or LHRH were infused.slowly over a
period of 1 hour.v Immediately before administering the bolus .dose
of LHRH a blood'sémple was dfawn (0 min" ). The polythene tubing
was then connected to a syringe and the bolus dose of LHRH was
injected. Blood samples Qére collected at 10, 20, 40 and 80 min-
ute intérvals after administratioﬁ of the LHRH bolus.

Oestradiol benzoate provocation test .

Stock solution of oestfadiol benzoate: ' b-Estradiol - 3 benzoate
(Sigma E700) was dissolved in absolute ethyl alcohol and then dil-
uted with olive oil-toiobtain a stock’solution containing 200ug/ml.
For injection: - the stock solution was further dilﬁted with olive
oil to contain 2 ug/o.i ml.

Control injection: §.3 ml absolute éthyi alcohol was added to

'9.7 ml olive oilland further diluted'izlo with olive'oii.
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. The eXperimentél_grdup rats were given a single subcutaneous
injection of0;1 m1 olive 011 containing 2ug oestradiol benzoate.
The.control animals received a single subcutaneous injection of

.1 ml of the_olive oil/alcohol mixture.

(c) Gonédotrophin (PMS) test

To an ampoule contéining 1000-I.U.'6f dried serum gonadotrbphin
oﬁtained from the sefum of pregnant mares (Anteron, Schering, AG)
1 ml of phyéiological saline was added immediately before use.
This stock was diluted 1:5 with.physiological saline to contain"
200 1.U. PMS/ml.

The fats were given a single subéutaneous injection of 0.1 ml
saline cbntaining 20 I.U. PMS. Conttol rats received a single
injection ofg.1 mi‘saliﬁe. The biological activity of the PMS
used was confirmed by ihjecting 5 prepubertal rats; 29 days old,
with0.1 ml saline containing 20 1.U. PMS. They were autopsied
65 hours later and examinétioh of the ‘oviducts at the ampullary-
isthmﬁs junction reveaied that 4 Qf the SIrats had ovulated wifh
a mean humber of ova per ovulating rat of 34;5. This number is
consisteﬁt with the ”super ovulation'" shown by similarly treated

immature rats (Reiter et al., 1969).

Investigation of internal organs

ApEaratus

Torque balance
Metter H20T balance
Leitz dissecting microscope

Surgical:instruments

Organ weights: The rats were autopsied following cervical .dislocation
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and the following organs were removéd, freed of_surrounding tissue, and

weighed: The pituitary giand; both ovaries, the uterus, and both adrenal

.glands. In those instanceé when~ut;rine ballooning was observed, it was
recorded and the fluid was expelled before the uterus was weighed.

The ovarian and adrenal gland weights of each rat were summed to
give total ovarian and total adrenal gland weigﬁt respectively. These
and other organ weights were expresséd in both absolute terms (mg) and
relative to body. weight (mg/lOOg bbdy weight).

Microscopic examination of the ovaries The surface appearance of the

untreated ovaries was examined under a dissécting microscope. A useful
guide to the state of stimulation or regression of the ovaries may be
- obtained by counting the number of surface follicles and corpora lutea.
In the present research the foilowing criteria were employed:
(1) follicies with a diameter ofp.5Smm or greater were counted

(ii) corpora lutea with a diaméfer of 0.7mm or greater were counted.

The results were recorded in terms of the total number of follicles
and corpora lutea counted on the surface of both ovaries.

A sétisfaétory degree of concordance was found ambngst skilled
investigators;examining_the same ovaries.

Tubal ova counts The oviducts were examined under the dissecting mic-

roscope for”the presence of ova at the ampullary—isthmﬁs junction. It
should be noted that failure to detect ové at this site does not_exclude
their bresence in the isthmus of the tubes. |

The number of ova present in each oviduct was counted and the total
number of ova per rat was recorded. In the experimental sections the
mean number bf.oVa of a particular group of'faté afe expressed in termé

- of the mean number of ova per ovulating rat.

!
‘
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Statistical procedures

As far as possible parametric techniques.of hypothesis testing
were used because of their greater power efficiéncy. The.tests used
included the Student’s t test, one-way analysis of variance,thO—way
analysis of variance, and two-way analy;ié of variance with repeated
measures on one factor (Kirk, 1968; Winer, 1971).
| A significant F ratio in a one-way analysis of variance was fol-
1owéd up using Tukey's honestly significanf_different (hsd) statisfic
for pairwise chparigons and the Scheffé F technique for multiplé com-
kparisons of means. In the factorial experiments significant main
effects were examined further by perférming pairwise comparisons on the
treatment means. The finding of signifiéant interaction in a factorial
experiment was followed by tests on simple main effects. In the event
of significant simple main effecté pairwise and multiple comparisons
" were conducted oﬁ cell means using Tukey's hsd procedure and Scheffé
F technique respectively (Winer, 1971).

Analysis of variance and simple main effects summary tables are
pfovided in AppendiX'C. Because of fhe vast numbers-bf comparisons
© TUun summaries.of Tukey's hsd and Scheffée F statistics are nof provided
in‘an'appendix.

In the text significant differences_are‘reported at the .05 and
,01 levels of_significance! On a few occasions the probability value
is reported at the().001 orD.OOZS‘level of.sigﬁificance specifically to
indicate highly significant:differences;

The non—parametric analyses, suéh as Chi square (x2). were per-

‘formed using the procedures described by Siegal (1952).



Chagter 4

. THE EFFECTS OF NUTRITIONAL FACTORS ON
REPRODUCTION AND ENDOCRINE FUNCTION

In thisrchapter both clinical -studies with hnmans and experimental
work with animals will be reviewed in order to identify the effects of
E aitered food intake on‘reproductive physiology.

There is an unjnstifiabie tendency for some authors to ignoreiori
'disoarage’experimentalAwork on animals, presumably because it lacks
frelevanceiforﬂhumans. As_Platt.(1968) SO.cogently argues

. .-tné subject shOuid be treated as anroblem'of comparative

nutrition of man and other animals and differences should

receive serious consideration in keeping with the late Sir

Edward Mellanby's "golden rules'" of research - treasure your
exceptions -

(p.246)

‘1 In the absence of general agreement in the literatdre on defin1t—
~ion of terms it is necessary to specify how terms w111 be used to des-
cribe hutritional status in‘thls review.

"Malnutrition" Will_refer to the reduction or absence of certain
constituents from the diet e.g. protein or calorie malnutrition. In a
-oroader:contextxit wodld also refer to conditions caused by inter-
'ference with the digestion absorption or utilization of specific com-
-ponent.nutrients.. "Undernutrition'" will refer to a reduction in the
'quantity of a balanced diet. In order to av01d confu51on, the term
starvatiOn will be confined to instances of a total absence of food
intake. The term "semi—starvation", even though it is used widely in
tne literature,:will be'aroided.because,it lacks.the‘desired specificity
and preciseness required in this review.

”InanitiOn"‘describes the condition of the organism and not the'
nature of-the altered:nutritional intake} Inanition may be the result

of either malnutrition or undernutrition or a combination of both.

73
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The effects of altered nutrition on human
reproductive physiology

The relationship between undernutritionvand disturbances of men-
struai function and lowered fertility in hﬁmans has been recognised for
a long time. A further understanding of this relationship is a legacy
’of the tragedies of modern history.. Concentration camp victims as well
as war time civilian populations subjected to severe undernutrition
were inQestigated during and following World War 2 (Antonov, 1947;
Gillman S_Gillman, 1951; Keys et al., 1950; Samuels, 1948; Smith, 1947).

Smith (1947) described the effects of severe undernutrition that
existed for a period of 6 months in Dutch cities. During this time
half the female population suffered amenorrhoea, while half of the rem-
ainder had menstfual irregularities. There was a dramatic-drop in
bifth rate, to one-third of normal, which latér rose to unprécedented
leﬁels following the restoration of adequéte food supplies;.revealing
the temporary nature.of the infertility caused by undernutrition.

The fertility rates of the civilian population during the siege of
Leningrad were even more profoundly affected (Antonov, 1947). Amenor-
rhoea was widespread and the number of births during the latter half
of the 18 month long siege dropped to about 4% of thevpre—war birth
rate. However, the contribution of psychological factors, confounded
with undernourishment, may have been greater than in Holland since
Leningrad was subjected to frequent bombardment.

In the studies described so far; and other studies on concentration
camp victims, the levels of hormone excretion were not determined. .In
1953 Zubiran and Gomez-=-Mont published the results of an extremely imp-
ortant study of patients suffering from chronic undernourishment. They
réported finding low levels of urinary oestrogens and low gonadotrophin

excretion. In the group of women of menstrual age amenorrhoea was
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.obsérved in SQ% of the cases and atrophy of the breasts in 76% of"
cases. A sigpificantly lowered excrgtion of gonadotrophins was found
in 72% of cases of women of menstrual age. Gross examination of the
ovaries, at autopsy, revealed small or atrophic gonads. Zubiran §

Gomez-Mont (1953) hypothesized that>ovarian hypofunction and the dis--
turbance:of other endocrine glands must be due, in part, to a. lack of
pituitary stimulus. Although pathoiogical changes in the pituitary
were found.at autopéy in some cases,a study of a group of undernourished
‘women during‘refeédiﬁg demonstrated that the hormonal changés observed
were reversible. They monitored the increase in gonadotrophin and
6estrogen excretion and observed the return of'nofmal menstruation and

' pregnancy; Gonaddtrophin excretion was found to be mafkedly increased

.within a few weeks of the start of nutritional reﬁabilitation.

Further evidence that a relationship exists between weight'loss,
gonadotrophin excretion and amenorrhoea is found .in the work of
Beardwood (1974). 1In a study of three obeéevpatients on-a weight red—v
uction diet Beardwood found that the mean outpﬁt of gonéddtrbphin dim-
inished'during successive menstrual'cycles,:but the rhythmicity of the
goﬁadotrophi¢'outpﬁt remained normal. All of his subjects eventually

Abecame amenor?hoeic after having lost atvleast 16kg in weight.

Although human undernutrition has received a great deal of étfent—
ion in recent decades, little work has been focussed diréctly on its
effects on reproductive physiology. The exception is the studies of
anorexia ner?osa patients. However, since anorexia nervosa haé a
vcharacteristic psychological disturbance associated with inanition the |
findings are not directly coﬁparable withvpatients suffering froﬁ

involuntary undernourishment.
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The effects of altered nutrition of the reproductive
physiology of experimental animals

| : .
There appears té be little doubt that undernutrition and malnutrit-

ion alter the function of some endocrine glands. It seems that the
effects vary with the nature of the dietary restriction and its chron-
.icity. | |

| .Before reyiewing the more recent studies employing radioimmuno-
assay pfocedufés some of the early reports on the influence of diet on
goﬁadotrophin secretion and reprodut;ive physiolégy will be examined
| briefly. (This has been reviewed more fully by Ershoff, 1952; Follis,
1958; Leathem,§1958; Lutwak-Mann, 1958; Samuels, 1948.) Attention

will first be devoted to undernutrition and then to specific forms of
malnutrition.j

Ovarian énd uterine atrophy and anoestrous vaginal smear patterns
during inanition have been reported by numerou§ authors (Marrian §
' Parkes, 1929;5Mulin§s & Pomeranz, 1940;_Piacsek & Meites, 1967;
Rinaldini, 1949).' The ovarian hypofunction, with consequént uterine
atrobhy énd aﬁoeétrus.smears, appears to be due to a decrease in the

level of circulating gonadotrophins and not to a refractory state of

the ovaries. fWernerv(1939) found that, in female rats, the atrophy

of the genital system could be arrested by means of pituitary implants.
By inje;ting‘hypdphysial or chorionic gonadotrophins other resear-
chers were abie to reestablish normal ovarian weights in starved anim-
als (Marrian %‘Pafkes, 1929; Rinaldini, 1949). Since the condition
found in malngurished animals was similar to that following hypophy-
sectomy the term "pseudohypophysectomy" was applied to this state
{Mulinos &'Pomeréntz,.1940). |

There was general agreément that gonadotrophin levels were dec-

reased. However, it was not clear whether it was the synthesis or
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release of pituitary goﬁadotrophins that was impaired.  Pituitary gon-
adotrophin content'was.reported to be reduced (Mason § Wolfe, 1930),
:unchanged (Mafrian & Parkes, 1929), or increased when judged in terms
of potency/mg pituitary (Meites § Reed, -1949; Rinaldini, 1949). The
finding of cdnsistently low levels of circulating»gonadotropﬁins to-
gether with that of norma1.0r increased pituitary gonadotrophin content
leakErshOff (1952) to cqnclude thaf during inanition the release of
pituifary gonadotrophins is impaired and-that failure of the secretory
mechanism, and not reductioﬁ in hormone production, is responsible

for gonadal atrophy.

Some investigators assumed that decreased pituitéry hormone sec-
.retion, during inaﬁition, was a dirécf consequence of the deficiency
of nutrients of anterior pituitaryvfunction (Ershoff, 1952; Leathen,
1958). Subsequent research (to be reviewéd shortly) supports fhe not-
ion of impaired release but suggests that the effeéts'of reduced food -
intake may be dﬁe, in'ﬁart, to a decreaée_in synthesis'and.release of
hypothalamic releasing?factérs (Campbell et ai., 1977; NegroVilar et al.,
1971; Piacsek §& Meites, 1967; Root & Duckett, 1973).

Caloric restriction: Ershoff (1952) proposed that the effects of cal-

oric restriction on énterior pituitary hormone release is particularly
-marked with respect to the gonadptrophins.: Ball et al. (1947) reporfed
that the pregnancy rate of mice was reduced by 70% when caloric intake
Was restricted to one third of ad libitqm intake. It has been reported
that rats become anoestrous when célorie intake:is restricted by one
half (Carr et al.,v1949). The effect of caloric restriction on the
ovulatipn rate in swine (Zimmerman ét al., 1960) and sheep (Memon et
al., 1969).has been demonsprated. |

Howland (1972) found that glucdsé-supplementation (ad 1ib access

to glucose powder) was sufficient to correct the relative caloric
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deficiency resulting from 50% reduction in normal food intake. This
obéervation 1ed Howland to suggest thatvcaloric'intake per se is an
important factor in determining pituitary and subsequently ovarian
function. An alternative explanation, offered by Howland (1972); is
that rats on a diet low in protein but adequate in calories utilize the
reduced protein more efficiently i.e. use less protein for metébolic
fuel. It has long been recognized thét if the caloric intake is in-
adequate then the protein in th¢ diet is utilized to éupplement energy
resources. Platt (1966) has pointed to the interdependence of profein
and caloric deficiencies, since restriction of calories reduces the
value of protein in the diet.

Protein deficiencies: Protein restriction leads to the cessation of

* the.oestrous cycle in the rat (Evans § Bishop, 1922; Guilbert & Goss,
1932). These ¢ffect§ are apparently due to reduced gonadotrophin lev-
els since_pituitary implants or gonadotrophin extracts stimulated the
ovaries.(Coufriér & Raynaud, 1932 cited by Ershoff (1952}). Gﬁilbert

& Gossb(19$2) found that feeding édult rats diets containing less than
6% profein reéﬁlted in anoestrus. Srébnik.& Nelson (1963) suggested

" that the effects of protein deprivation on the reproduétive physiology -
of sexually mature female rats are much more severe than those produced
by caloric restriction. Animals fed a protein-free diet became an-
oestrous in approximately 5 days whereas pair-fed rats receiving the
same quantity of a standard diet (46% of ad 1ib controls) did not
become anoestrous until after approximately 3 weeks of food restrict-
ion. Bioasséfs of both protein deficientvand‘pair-fed rats revealed
that the gonadotrophin'content of thé anteriqr’pituifary was approxim-
ately twice that of‘control rats, suggésting impaired release of pit-

uitary gonadotrophins.

' Vitamin and mineral deficiencies: Evans § Bishop (1922) were amongSt
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the first to show that diets deficient in one or more vitamins may im-
pair gonadal function presumably by causing impaired secretion of pit-
uitary gonadotrophins (see Ershoff (1952) for a review).

The effects of mineral deficiént diets on reproductive function
have not beenconsistent (Ershoff, 1952)‘excépt with regard to zinc
-deficiency. A deficiency of zinc has been associated wifh impaired
reproduction in several Species (UndefWOod, 1971). The results of a
study by Gombe et al. t1973) suggest.that“a lack of zinc has a diréct
adverse effect on reproduction in a@dition to causing a decrease in
food consumption. |

Before reviewing the more recent research on the effects of
inanition on reproductive physiology it is worth noting the different
responses of the sexes to complete ;tarvapiqn. Studies‘by Widdowson
‘(1976) indicate that females are.better able to withstand a shortage
of food than males. She has found that adult female rats lost iess
protein from their bodies than male'rafs when.totally deprived of food
for 6.days. These sex differences may account for some of the cdnflicf~

“ing findings to be discussed in the next section.

Recent endocrine studies employing radioimmunoassay procedures

Circulating gonadotrophins: Very few studies of the effects of food
restriction on circulating gonadotrbphin levels in the intact female
rat have been reported. Furthermor¢ the great majority of studies,
" using both sexes, hayé'investigated the effects of undernutrition
rather thaﬁ1Speéific forms of malnutrition;

With a‘féw exceptions food restrictidn'(reduction in quantity bf
intake) causeﬁ a significant reduction in circulating levels of LH,
and to a lesSér extent FSH. Howland (1971, 1972), for example, rep-

orted that restricting food intake to 50% of normal for 20 days
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resultéd in a significant reduction in serum LH levels in.female rats.
Gombe. et al. (1973)>élso reported reduced plasma LH 1ev§15'in female
rats after 10:énd_32 days of feeding.on a diet restricted to 40% of
Vndrmal éuantity; Surprisingly, However, they found an elevation Qf_‘
plasma LH after 25 days on the same feeding regimen.

Howland (1975) observed a reduction‘in serum LH in male rats sub-
jected to a 50% ad libituﬁ intake for 10 and 20 days. Male rats sub-
jected to complete food removalﬂhad‘significanfly reduced serum LH
levels within_24 hours and these levels remained low after 2 and 7 -
days of starvation (Howland & Skinner, 1973).A Ih contrast, it has been
reported that serum LH levels remain unaltered in male rats starved for
a period of 7 days (Root §& Ducketf, 1973; Root & Russ, 1972; Root
et al., 1975). However, the findings of Campbell et al. (1977) are
more consistent with those of Howland and his coworkers. Campbell
'et al. (1977) reported a 75% reduction iﬁ serum LH levels in male rats
after 7 dayS'df starvation. The low serum LH levels were maintained
during a further twﬁ weeks of feeding on one quarter of ad libitum
intake.

It has been suggested by Critchlow § Bar—sela (1967) that there is,
in states Qf underfeeding, a preferentialﬂblockade of LH releaéé,
while FSH 1; 1itt1e affeétéa. The endocrine chaﬁges in female réts on
restricted diets (Kennedy &‘Mitré, 1963, a § b) are consistent with
the hypothesis df a‘specifi§ LH blockaae.: A number of recent studies
have revealed that fhe reduction in seruﬁ LH levels is greater than the
reduction in serum FSH levels, thus suggesting that the mechanism con-
trolling LH release may be more sensitive to the effects ofvinanition.
Howland (1971) found that serum LH levels were reduced to about half
of control levels in female rats restricted to 50% of normal food in-

- take for 20 days, whereas the serum FSH levels in the same rats
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remaiﬁed unchanged. In a later study with male rats restricted tb 50%
of normal food intake Howland (1975) found that serum FSH levels were
not altered after 10 or 20>days of restriction, whereas LH levels were
_reduced after 10 dayé. In contrast both serum LH and FSH levels were
significantly lower in male rats after 7 days of complete starvation

B (Howland & Skinner, 1973).' Serum LH levels were reduced within 24
hours and the éerum fSH levels had dropped within 48 hours of the
start of starvation. ‘Campbell et'él. (1977) reported that 7 days of -
complete starvation-reSulted in a 75% reduction in cirtulating LH
levels but only a 32% reduction in FSH levels in male rats.

’0vera11 these results suggest that the secretion of LH is more
sensitive to moderate states of undernutrition than is the secretion
of FSH but that the secretion of both gonadotrophins is impaired in
extremé states of undernutrition. However,under conditions of complete
starvation LH release appeérs to be affected to a greater extent, and
possibly sooner, than is the release of FSH,

The rapidity of th¢ reductioﬁ of circulating gonadotrophins, rep-
orted by Howland § Skinner (1973), suggests that moré than-nutritional
factors ére_iﬁplicated in the reduction of gonadotrophin levels. It
seems unlikely that, in previously well nourished rats, circulating
nutrients are so rapidly depleted that they alone interfere with endoc-
rine mechanisms. A more likely proposition is that streés associated
with complete food deprivation, plays a part in the rapid drop in gon-
adotrophin levels. |

Pituitary gonadotrophins: Recent studies employing radioimmunoassay

procedures'have revealed that restricting'food intake, in both male
and female rats, results in either no Signiticant change in pituitary
gonadotrophin 1§vels (qube et al., 1973; Howland, 1975; Howland §
Skinner, 1973;.Root & Russ, 1972) or increaéed pituitary -LH and FSH

|
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concentrations (Howland, 1971, 1975).

The dichotomy that exists between the normal or increased levels
of gonadotrophihs in the pituitary and the low levels of circulating
gonadotrophins led some authors to postulate that there is a failure
of pituitary release méchanisms-(Ershoff, 1952). For many years it
was assumed that the apparent reduction in gonadotrophin sécretion was
a direct consequence of inanition on anterior pituitary fuﬁction. How-
ever, the results of‘a number of studies suggest that the primary fault
lies not in the pituitary but in the central nervous system. . Piacsek
& Meites (1967) reported that underfed female rats'exposed to con-
stant illumination fbr 10 days showed a return to pro—oéstroUs or oest-
rous smear patterns and an increase in ovarian and uterine weight;
indicating a release of pituitary gonadotrophins. Furthermore ovari-
ectomy has been observed to counteract the inhibitory effects of inan—.
ition or pituitary gonadotrophin release (Howland, 1971; Ibrahim §
Howland, 1972).

Hypothalamic releasing factors: Further attempts to identify the nat-

ure and the site of the dysfﬁnction during states of inanition have
included aséaxs of hypothalamic LHRH content and thé administration of
éxogenous LHRﬁ. |

Ibrahim é Howland (1972) suggested that the reduction iﬁ serum gon-
adotrophins is, in part, due to a decrease in synthesis and release
of hypothalamic releasing factors. Piacsgk & Meites (1967) presented
findings consistent with the view tﬁat the synthesis of LHRH is im-
paired. They,found.thatvthe hypothalamic LHRH conteht of female rats
subjected to 50% food restriction was significantly reduced (% of ad
libitum ¢ontrols) after 21 days. Complete starvation of male rats for
7 days was reported to be accompanied by é reduction in FSH-RH (Negro-

Vilar et él{, 1971) and growth hormone releasing factor (Dickerman
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et al., 1969). 1In contrast to the rest of the studies Roqt ét al.
(1975) found that total starvation for 7 days did not affect the hypo-
thalémié~content of LHRH in either intact or castrated male rats. One
possible explanation, they suggested, is that inanition may exert a
direct effect at the pituitary level. This viewpoiht, howeyer, is not
supported by otheriexperiméntal evidenée. Root & Duckett (1973), for
example, 6btained resulfé indicating‘that the pituitary of tﬂe starved
male rat'is as seﬁsitive to the LH releasing activity of exogenéus LHRH
as is the pituitary of the normally fed animal. More recently Campbell
ef al. (1977) obser§ed that the increase in serum LH in response to |
LHRH administration was the same in male rats completely starved for 7
days as it was in normaily fed controls. The LH response péttern was
different in rats starved for.7 déysAand then maintained on % normal
food.intaké for a further 2 weeks. The serum LH levels in this group
were lower 30 mins post-LHRH administration than those of acutely
starved and control'fats, but the change from pré-treatment levels was
greater thanﬁfor control rats. The results of the.Campbell et al.
(1977) étudy'suggest that the major effectskof inanition are exerted
on the hypothalamus rather than on the pituitary, since the responsive-
ness of the pituitary of underfed rats to stimulation by LHRH remained
the same as the pituitary of fully fed rats. Campbell et al. (1977)
concluded thaf |

the reduction in secretion of AP horménes as a result of

restricted food intake therefore appears to be due prim-

arily to a decrease in the release of hypothalamic hor-

mones that control AP function.

(p.585)

The mechénisms involved in the impéirment of hypothalamic function
during food restriction are yet to be elucidated. One hypothesis is
that celluiar:funcfion'in éfeas of the hypothélamﬁs responsible for

the secretion of releasing hormones may be impaired by a reduction in
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insulin levels (Ibrahim & Howland, 1972). The suppression of insulin
secretion in undernutrition is an adaptive mechanism so that blood glu-
cose does not fall to a level incompatible with life (Widdowson, 1976).
At present such an explanation of the mechanisms in&olved in hypoth-

alamic dysfunction remains hypothetical.

The effects of undernutrition on organ weights

The absolute pitﬂitary weight haé been reported to be reduced in
underfed maie_and female rats (Campbell ét al., 1977; Howland, 1971,
1972, 1975; Leathem; 1958; Piacsek § Meites, 1967; Srebnik § Nelson,
1963). The reduced secretion of pituitary gonadbtrophins is accomp-
anied by a significant reduction in the weight of the:gonads of both
sexes (Campbell et al., 1977; Howland, 1971, 1972) as well as the uteri
(Piacsek § Meites, 1967). Ovarian and uterine atrophy is associated
’ 'with an anoesfrous vaginal Smear pattern (Srebnik § Nelson, 1963).

Very few researchers have recorded the weight of the adrenal gland
during states of inanition. Those who have, provide evidence that,
unlike other iarget organs of the anterior pituitary hormone complex,
the adrenal-giand increéses_in weight during states of severe under-
nutrition but not during moderate states of undernutrition (Chowers
" et al., 1969;1Meites & Reed;'1949). Campbell et al. (1977) suggested
that the increment they observed in adrenal weight following 7 days of
starvation reflects the stréssful nature of acute starvation.

The latency of endocrine changes and effects on térgét organs
during states of undernutrition

The question of how rapidly the effects of undernutrition or mal-
nutrition are manifested at the gonadotrophin and target organ levels

has received little attention in the literature. In the research
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reviewed earlier most investigators collected blood samples at specified
intérvals (e.g. 7, 10 or 20 days) after the dietary regimen was started.
These results consequently.reflect the endocrine status at the end of

a given period but provide no indication of the latency of the

observed decremenﬁs. “In one study with male réts Howland S Skinner
(1973) repérf thatvthe décreﬁent of gbnaddtrdphins observed after 7
days.was first'evidentvwithin 24 hrs of starvation in the case of LH

| and 48 hrs in the cése of FSH.

'Very few researéhers report'on vaginal smear patferns in underfed
female rats. Since anoestrus is likely'td occur only after a decrease
in circulating gonadotrophins the vaginal smear patterns provide in-
direct evidence of reduced gonadotrophin secretion. They do not, how-
ever, indicate whenla significant decrement of circulating gonado-
trophihs first occurs.

Srebnik & Nelson (1963) reborted that female rats became anoestrous
after 5 days Qf'feediﬁg on a protein free diet. In marked contrast,
pair-fed ratéireceiving the same quaﬁtity of a standard diet (46% reér
triction of normél intake) didvnot become anoestrous until épproximat—
ely 3 weeks of food restriction. This observation led Srebnik § Nelson
(1963) to conclude that the effects of protein deprivation on repro-
ductive physiology are much more severe than those produced by rest-
ricted intake of a standard diet. Lamming § Krause (1963) restricted
the food intake of mature fémale rats so that they lost weight at a
rate of 2-3 grams/day. This resulted\in_anoestrus approximateiy 3
weeks after the starf‘of restriction, by which time the rats would have .
llost weight to the extent of 18-24% of tﬁeif previous body weight.
Piacsek § Méitési(1967) found thaf female rats subjected to 50% of
normal food iﬁtake stopped cycling and exhibited a dioestrous type of

vaginal smear within 14-21 days after the start of reduced intake.
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Neither Srebnik & Nelson (1963) nor Piecsek & Meites (1967) reported
the éverage weight change of the rats at the time of the onset of an-

oestrus.

The effects of nutritional rehabilitation on reproductive physiology

Iﬁ the féw available reports-on the effects of nutritional rehab-
.ilitation on the reproductive physiology of the‘rat, the results indic-
ate that recovery is relatively rapid. Widdowson et al. (1964)
underfed young rats of both sexes so that fhey’gained only 20 gm body
“weight between the third and eleventh weeks of life. Thereafter the
rats were rehabilitated by being given unlimited food supplies. Both
sexes responded by gaining weight rapidly. As Widdowson et al. (1964)
observed, a small part of the weight gain during the first week was due
to an increase in weight of the gastrointestiﬁal contents. They est-
imated that this amounted to approximately 10 gm. |

By the time the rehabilitated female rats were 19 weeks old they
had almost achieved the weight bf»littermates that had not been under-
nourished. Those rats that still had clbsed vaginae when rehabilit-
ation began showed vagiﬁal opening within 5 days of refeeding. By
the end of the first week of rehabilitation the ovaries were as large
as those of fully fed controls of the same age, and numerous corpora

lutea were formed. The male rats did not achieve the body weight of
littermates‘following rehabilitation.

No reported data ére available.on the effects bf rehabilitation
on gonadotrophin levels in female rats. Male rats refed for 7 days,
after a period of chronic uﬁdernutrition, showed elevations in circul-.
‘ating gonadét:ophiﬁs to values well above controls; to the extent of
133% in the case of LH and‘157% in the case of FSH (Campbell et al.,

1977). This rebound effect, they suggested, may be due to increased
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release 6f LHRH following refeeding réther than to increased pituitary
sensitivity to LHRH as proposed by Beumont et al. (1976). Campbell

et al. (1977) found no indication fhat the pituitary gonadotrophs

were mofe responsive to LHRH stimulation in refed rats than in the

ad libitum fed controls.

Grewal et al. (1971) and Howland (1975) reported that seruﬁ test-
osterone levels rebounded during rehabilitation to levels higher than
those found in fully fed controls. In both studies fehabilitation
followed a périod of undernutrition .during which rats were restricted
to 50% of ﬁéfmal food intake. In the Howland (1975) study rehébilit—
ation,-followiﬁg 15 days of underfeeding, produced serum testosterone
levels that exceeded the control values on days 1 and 2 of refeeding.
A rebound of serum LH levels was not observed in the Howland (1975)

study.
Conclusion

Research over many decades has reveaied thaf seruh gonadotrophin
levels are reduced during states of malnutrition and starvation.
Associated with this reduction of circulating gonadotrophins is atrophy
of ovaries, uteri and vaginal epithelium. The bulk of the available
evidence suggests that the reduction in secretion of gonadotrophins
as é result of restricted food intake, is due primarily to a decrease
in the synthesis and/or release of LHRH. That is, the failure of the
pituitary to release gonadotrophins is pfésumed to be secondary to a
hypothalamic dysfunction caused by nutritional deprivation.

The fesearch to be reported in the following sections covers
fresh areas in the investigation of the effects of nutritional factors

on reproductive function.
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Research objectives

In the studies reviewed earlier in this chapter the animals were
subjected to partial or total food restriction for different periods of
time. To date there have been no published réports on attempts to
investigate the effects of controlled and systematic reduction>0f the
caloric content qf the diet on réproductive function of the female
rat. | |

In the séries of studies to be described in Part-A the gim was
to establish the minimum level of caloric restriction required to in-
duce anoestrus. Having identified a dietary regimen capable of induc-
ing anogstrUS,the changes in reproductive'physiology at regular inter-
vals during the period of caloric restriction and during different
fofms of nutritional rehabilitation were investigated. Changes in
the following were examined:. vaginal smear patterns; serum and pit-
uitary LH levels; pituitary gland, ovarian, uterine and adrenallgland
weights; the surface appearance of the ovaries. In some studies the .
oviducts were examined for the presence of tubal ova. Of particular
interest was ‘the time taken for alterations to be observed, the extgnt
of the alterations, and the body weight changes associated with the
alterations. |

The aim was to obtain as complete a piéture as possible of the
progressive chaﬁges taking place during both the weight loss and weight
gain'phases. The series of experiments constitute a longitudinal study
of changes associated with caloric deprivation and impairment of repro-
ductive function ahd subsequent nutritional rehabilitation with recovery
of the reproductive systém.

In Part B of the experimental secfion the aim of the research was

to use pharmocological tests in order to investigate which component (s)
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of the hypothalamic-pituitary-ovarian (HPO) axis are dysfunctional dur-
ing the caloric deprivation and nutritional rehabilitation phases.
The specific objeétives of each study are described in the intro-

duction to each experiment.

Experimental section

Part A: Caloric restriction and nutritional rehabilitation

Experiment 1

The aims of this experiment were:

(1) to determine thé'extent of caloric restrictioﬁ required to disrupt
normal oestrous cycles.

(ii) to establish how soon the oestrous cycle is disrupted after the

start of caloric restriction.
Method

Forty female rats, approximately 7-8 weeks of age, were individ-
ually housed and fed the basal diet and water ad libitum. Body weight,
food consumption and vaginal smears were monitored daily. At the end
of the 10 day adaptation period 24 rats, With regular oestrous cycles,
were allocated to one of 3.groups (n=8 each) and 5 rats to a control
group, so that the méan body weight of each group was approximafely
the same. |

The meaﬁ'24 hr food consumption duringrthe final 3 days of the
adapt;tion period was used to compute the quantities of experimental
diets to be provided during the initial stages of the experimental
period (see Chapter 3 for details of computing quantities of diet)..
Four rats inieach group received their reduction diqt‘on the morning

of pro-oestrus and the other 4 on the morning of metoestrus.
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The groups were fed as follows:

25% group: received 13g of a diet per day containing 25% less dextrin
i :

than the basal diet.

50% groupf received 11g of a diet per day containing 50% less dextrin
than the basal diet..

75% group: Treceived 8g of a diet per déy containing 75% less dextrin
than the basal diet.

Basal control group: cdntinned td recéive,the basal diet ad libitum.
This grbnp provided déta about normal growth rate and
changésvin food consumption during the 3 week period.

Body wéight, food consumption and vaginal smears were monitored

‘daily. On day 10 the quantities of the experimental diets were in-

creased in line with the increased food consumption of the control

group. During the remainder of the 21 day experimental period the 3

experimental groups were fed 15g of 25%, 12g of 50% and 9g of 75%

dextrin restricted diets respectively.

Results

Body weight:f”The changes in body weight are summarized in Table 8.
- For convenience the body weights are grouped into 3 day periods. The
Pre véluesvrenresent the meén body weight of each group on the day
‘before the start of the experimental phase.

Analysis of variance révealed no significant difference between
the body weights of the 4 groups until the period 10-12 dayé. At that
vtime the body weights of the SO% and 75% groups were significantly
1oner than that of the control. It was only during the final epoch
that all 3 experimental diet groups were significantly lighter than
the basal diet control group.

Both the control group and the 25% group showed a significant
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Table 8

Effects of 3 dextrin—redﬁced diets on body weight

Mean body weight (g)+SD

Extent of dextrin-reduction

"Period of

dextrin Basal diet
restriction . control :
(days) (n=5) 25%(n=8) ‘ 50% (n=8) 75% (n=8) |
Pre | 207.8t13.4.- 208.0i1§.8 207.Si20.9 209.3+12.4
| 1-3 212.6t13.7 215.6%17.2 211.1t20;5 210.3+12.1
4-6 . - 218.2%13.9 212.5i14.9 v 206.5i20;4 200.0+£10.8
7-9 224 .0%13.0 213.3%£14.2 205.9%19.8 197.3x11.1
10-12 230.4+12 .4 215.9413.2 , 206.8+19.9% 194.7i11.4b
13-15 238.1t11.7 221,4&10.9 207.9i18.5b 190.7+10.9¢
16-18 245.1£11,5 226.3%9.3 209.1i18.1b 189.>3i10.8C
19—21 | | 251.éi10.6 227.9i9.1é . 208.4i17.9b 187.8110.8C
Final BW | d d : : o
change (%) | +20.9 +9.6 ‘ +(.4 -10.3

a significantly lighter than control (p<€05)
b significantly lighter than control (p<t01) _
significantly lighter than 25% group and control (p<«01)

[a

significantly heavier than Pre weight (p<.01)
¢ significantly lighter than Pre weight (p<£01)

increase in body weight over the 3 week period. The body weight of the
50% -group did not change significantly, whereas the 75% showed a signif-

icant drop in body weight by the end of the 3 week period.

Food consumption: The rats receiving experimental diets invariably
consumed all the food provided. The 24 hr consumption rate of basal
diet of all groups prior to the start of the experimental phase was

16.2+2.9g. By day 10 the quantity of food consumed by the basal diet
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control group had increased to 17.6+3.0g.

"The food ﬁonsumptidn data wefe not éubjected to statisticai analy-
sis since the quéntities of experimental diets were controlled and
. hence observed difference in intake were imposed ones.

Vaginal smear patterns: Although vaginal smear irregularities, ‘in

the form of extended cycles, were observed in all experimental groups.
“there was no cessation of oestrous cycliﬁg under any of the dietary
conditions. It was only iﬁ the 75% group thaf the incidence of ext-
ended cycles was clearly greater fhan that of'ﬁhe basal diet control
group and the subjects'in Supplementary Study No. 7 (Appendix A). |
The incidencé of 5-6 déy cycles in the 75%_group increased from 50%
during the first week to 88% during the final week.

There appéared to be no relationship between the occurrence of
eitendedvcycles and the day of the cycle (metoestrus or pro-oestrus)

on which experimental diets were first presented.
Discussion

Only the 75% dextrin reduction group showed a significant dec-
reése in body weight during the 21 day;period of restriction. None of
the rats showed cessation of oestrous cycling. The results‘indicate
that the mechanisms coﬁtrolling thebregu1ation of the oestrous cycle,
in this sfrain.of rat, are resistant to the levels of caloric depriv-
atién imposed in this experiment. |

.This finding is not consistent with those of Meites § Reed (1949)
who reported that chronic feeding of low calorie diéts without causing
- undernutrition resulted in anoestrus in rats within 3 weeks. Other
researchers feeding rats a standard diet restricted to approximately
half the normal quantity reportéd that anoestrus was observed after

21 days (Srebnik § Nelson, 1963) or within 14-21 days (Piacsek §
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Meités, 1967). These iﬁvestigators didAnot, however, report the weight
loss coinciding with the onset of anoestrus. In this ¢Xperiment the
75% dextrin reduction group received approximately half the amount

of food consumed by the control group but showed no signs of anoestrus.
The high relative proportidn of protein and other nutrients in the 75%
dextrin reduction diet may have resulted in weight loss to a lesser
ekteht than that found with rafs restricted to half the normal amount

_of standard diet.

Experiment 2

!

The aim of thié experiment was to determine whether a further
reduction in the caloric component of thé diet resulted in cessation of
oestrous cycles. Serum LH levels were determined at various intervals
after the start df the dietary regimens. Two different procedures
were employed in the collection of blood samples forlserum LH asséy:
(1) trunk blood samples were collected immediately following cervical
dislocation (ii) blood samples were coliécted from chronically cannul-
ated rats. This procedure allowed for the repeated-coliection'of blood
samples from‘the same rats at diffefenf_times after the dietary reg-
imen were imposed. Due to the different nature of the blood sampliﬁg
procedure this experiment has been divided into two parts.

Part A: Non-cannulated rats subjected to 25, 50 and 100% dextrin
restricted diets

Method

Sixty female rats were individually housed and fed the basal diet
and water ad libitum for 10 days. Body weight,‘vaginal smear patterns
and food consumption were monitored daily during the adaptation and

experimental phases. On the final day'of the adaptation phase 50 rafs
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- with regular 4 day cycles were allocated to one of 10 groups (n=5
eaqh) so that each group had épproxiﬁately the same mean body weight.
The mean food éonsumption rate during the final 5 days of the
adaptation phase was determined and this figure (18.01g) waé used to
compute the quantities of expérimental diets to be provided (see Chép—
ter 3 for defails). Sihce.therg was no significant change in the con-
sumption réte of the basal diet control group the quantities of experi-
mental diets remained constant throughout the 3 week duration of the
experimental phase. One group of rats served as the ad libitum fed
~ basal diet control throughout the experimental phase. Three groups of
rats were fed 15g of the 25% dextrin—réduced-diet; three groups rec-
eived 12g of the 50% dextrin-reduced diet; and the final 3 groups
received 6g of the 100% dextrin-reduced diet.

At periods approximately 1, 2 and 3 weeks after the start of the
expefimental phase, groups of 5 rats from each dietary condition were
sacrificed at 1000h on metoestrus. The rats in each group were not

‘ always sacrificed on the same date since smear patterhs were not'syn—
chronized. They were, however, 'sacrificed on thé day of metoestrus
closest to 1; 2, and 3 weeks after the start of experimentation. Rats

~which héd stépped cycling were saérificed only after showing at least
3 consecutive days of a dioestrous smear patfefn prior'to the end of

.'the 1, 2, or 3 week periods. At fhe end of 3 weeks rats in the basal

diet control group were sacrificed at the first appearance of a met-

oestrous smear pattern.
Results

Body weight: The changes in body weight of the 3 experimental groups
surviving the entire 3 week expérimental period and of the control group

are summarised in Table 9. The body weights of rats sacrificed at 1



95

and 2 weeks are not included since the aim was to perform a composite

statistical analysis>of body weight data over the entire 3 week period.

Table 9

Effects of 3 dextrin-reduced diets on body weight

Mean body weight (g)+SD

Period of

Extent of dextrin restriction

dextrin  Basal diet
restriction control .
(days) (n=5) 25%(n=5) 50% (n=5) . 100% (n=5)
Pre 233.8%5.8 236.6+7.4  234.8t6.1 234.2%6.0
7 247.0+4.4 241.0+7.7 228.0%5.72 211.2i2.2b
14 258.0+4.5 248.4+8.0 229.0+8.7° 195.0i2.6b
21 267.6%3.0 ‘255.2i6.4b 232.6i9.1c- 181.0i5.2b
Final BW o o . : £
" change (%) +14.57 +7.97 -4.9 -22.7

a significantly

b significantly
c significantly
d significaﬁtly
e significantly

f significantly

lighter than
lighter than
"lighter than
lighter than
>heavier than

lightérAthan

control (p<.01) and 25% groups (p<.05)
all groups (p <.01) |
control and 25% groups (p <.01)
control group (p <.05)

Pre weight (p <.01) (w8 o?)

Pre weight (p <.01)

Analysis of variance revealed no significant difference between

the body weights

of the control and 3 experimental groups at the start

of the experiment. At the end of weeks 1 and 2 the 50% group was sig-

nificantly'lighter than the control and 25% groups and the 100% group

was significantly lighter than all other groups. At the end of three



weeks-alliexperimental groups were-significantly lighter than the con-
trol group. | |

| Both thejcontrol groﬁp'and the 25% group showed a significant
increase in body Weight‘ovér the 3 week period. At the end of 3 weeks
the body wéight of the SO%_grBup did not differ significantlyvfrom its
pre—expérimental phase weight. -The 100% group showed significant‘:

 weight reduction at each,weekiy'interval-(p<ﬂ.01).

qud'consumption: - The differences in food consumption were imposed~and
consequently tﬁese dafa Qerevnot anaiysed'statistically. Withopt ex-
ception rats recéiving the experimental diets ate all the food pre-
sented to them. Hence the consumption iafes, during the experimental
phase, of the 25, 50 and 100% dextrin-restricted diets, were 15, 12 and
6g reépecfively{ The.mean daily consumption of the basal diét control
group remained in the range of 18-19g. |

'Serﬁm LH: The serum.LH ﬁalues after 7, 14 and 21 days feeding on dext-
rin-restricted diets are shown in Tablé 10 and Figuré.l. The mean
serum LH level of the basal diet control group at the end of the 3 week

period is included.

Table 10

Effects of 3 dextrin—redﬁced diets on serum LH levels.

" Serum LH{ng/ml)*SD

Extent of dextrin reétriction

Period of
restriction Basal diet . :
(days) ~ control ' 25% 50% 100%
7 ' - 30.8t 9.8 31.0%27.3 18.2%17.3
14 - 34.6%17.3 30.8£17.9 18.8+10.9
21 43.6%9.9 37.6%22.3 31.0+ 8.4 8.2+ ,453

a significantly lower than control group (p <(.01) and the 25%§50% groups
(p <0.05)
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Figure 1 Changes in serum LH concentration (Mean*SD) at weekly
intervals after the start of 3 dextrin restricted
regimens (25,50 and 100%;Bas.=Basal diet control)

An analysis of variance was performed for each samplihg period

. comparing the serum LH values of each experimental group with each
other and the serum LH value of the basal control group, which Was sam-
pled only at the eﬁd of 3 weeks. These aﬁalyses revealed no signifiq-
ant difference between.the 4 groups, with respect to mean serum LH
level, at sampling periods 7 and 14 days. At the end of the 21 day
period the méan serum LH ievel of the 100% group was significéntly
lower than that of the basal control, 25% and 50% groups;

Vaginal smear patterns: None of the rats in the basal control, 25%

and 50% dextrin-restriction groups became anoestrous during the 3 week

experimental period. Occasional 5 day cycles were observed, however,
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invall these groups. The incidence of extended éycies in the 25% and

So%vgroﬁps was so low that théy'cannot'be seen to differ from the
basal diet con;rol group.

The‘majority of the fats in the'loo%vdex;rin-fgstrictiom group
showed‘changes‘in'vaginal sméaf'patterns that were consistent with
anoestrum. Although a criterion of 3 consecutive days of a dioestrous-
type smeaf pattern was initially’used to défine andestrus it Was>6b—
served thét some rats displaying éuch a péttern éxhibited signs of
renewed ;yciing at a later stage. Hence caution needs to be exer-
cised when using the criterion of 3 consecutive déys éf a dioestrous
smear as an indicétidﬁ of complete cessation of cycling.

- The latency of énsét of anoestrus was highly variable in the rats
_fed the 100% dextrin-restriction diet. If the day on which the experi-
mental.diefs were first presented is de;ighated day 1, then the onset -

- of anoéstrus Was fifét-observed as early as day 6 and as late as day 18,
- when the rats were 7.7% and 18.5% below their original weights, res- |
pectively.

Two rats in the 100% dextrih—reétriction_group still showed evid~
enéé of cyclical activity after 21 dé&s. This rhythmicity waS'appareht
in spite of phe fact that they were appioxiﬁately 23% below their orig-
inal weight.and thatvthey had serum,LH‘leyels of <8ng/ml and Qng/ml

respectively.
Comment

" At the end‘of 21 days feeding on the dextrin-restricted diets
oﬁly the 100% group showed a significant decreqse in bodyAweight and a
significant reduction'invserum LH concehtration. The finding of anoest-
‘TUS was ﬁdt.invariable and there were individual differences in sus-

ceptibility of the oestrous cycle to the effects of 100% dextrin
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‘restriction. Soﬁe rats became anoestrous much sooner than others
whilé other rats still shoﬁed'evidénce of oestrous cycling at the end
of the experimental‘phase.

Although the meéﬁ serum LH levels of thevloo% groups were lower
than those of the other groups at 7 aﬁd 14 days the difference was not
significant until sampling at 21 days.  This finding suggests thét'sev—
éfe caléric‘festriction does not cause a rapid'réduction in serum LH
levels. |

Part B: Cannulated rats éubjected to 25, 50 § 100% dextrin
' restricted diets

The.saﬁe dietary ;egimens were émployed as those used in Part A.
The aims 6f'this experiment were'to determine, after the start of
the dietary regimen:.
(1) the éerﬁm LH levels of all dietary groups on each day of the first.
oestrous cycle
(ii) the serum LH levels on seiected da&s of the cyclé thereafter;

. particularly on the day of pro-oestrus.
Method

Twenty five female rats were individually housed and fed the‘basal
diet and watér ad libitum for 10 days. Body weight, vaginal smears and
food consumption weré monitored daily during the adaptation and experi-
mental phases.

Twenty rats with approximately equal body weight and regular 4 day-
oestrous cycles had jugular.cannuli insefted surgically (see Chapter 3
fér details). The rats with indwelling cannuli continued to receive
the basal diet.and water ad libitum during the post-operative recovery
period of 778 days Qhen the cannuli were cléared (kept patent) every

second day. No blood samples were collected during this period._ Because
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of blockages in the cannuli or ofher technical mishaps the number of
rats available duriﬁg the experiﬁental phase was reduced to 14.
The final allocation of rats ta.the different dietary regimens
"was as follows: |

4 rats received the basai diet ad libitum (bésal_group)

3 rats received lsg of the 25% dextrin restricted diet (25% group)

3 rats feceived 12g of the 50% dextrin restricted diet (50% group)

4 rats received 6g of the 100% dextrin restricted diet (100% group).
All rats in the experimental groups first received the new diets on day
oestrus of the cycle and the first blood samples were collected on met-
oestrus, the follOwiﬁg day.

Blood samplingﬁ .4ml of blood was drawn from each rat on each day of
the first oestrous cycle. Thereafter blood samples were drawn on sél—
ected déys of subsequent éycles but, as far as possible, never on 2
consecutive days from the same rat. All samples were collected at 1900h

in order to coincide with the anticipated LH surge on pro-oestrus.
Results

Body weight; ‘The changes in body weight, at weekly interﬁals, are shown
in Table 11. |

The body‘weightvdéta is provided for visual inspection only. Be-
cause of théISmall sample size Statistibal analyses were not performed.
Analysis of body weighfs of non-cénnulated rats on the same dietary
regimens‘are presented in Part A. ‘As in the case of non-cannulated rats
it was only the raté‘in the 100% group that showed evidence of marked
weight reduction. They were 11.7, 19.4 and 25.8% below original weight
after 7, 14 and 21 days respectively. | |

Food consumption: Without exception the experimental group rats ate 15,

12, and»6g of the 25, 50 and 100% dextrin-restricted diets respectively,
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Table 11

Effects of 3 dextrih reduced diets on body weight of cannulated rats

Mean body weight(g)*SD

Extent of dextrin restriction

Period of -~ Basal diet
restriction . control _ :

(days)- (n=4) 25%(n=3) " 50%(n=3) 100% (n=4)
Pre 234.3+4.4  232.7%3.5 233.3%4.2 234.5%4 .4
7 ' 243.0%£3.6 ©236.7%4.9 ©231.01.7 207.0%6.5

14 255.6%4.2 247.3+1.5 233.7+4.0 189.0+8.1
21 . 267.0%4.2 254.7+1.5 237.7+7.1 174.0+£7.8
Final BW |
change (%) | +14.0 +9.5 +1.9 -25.8

The mean daily food‘consumption of the basal diet control group remained
relatively constant around 18g. No statistical analysis was performed
on these data.

Serum LH levels:

(i) First éycle: The ﬁean serum LH levels for all groﬁps on each day
of the first oésfrous cycle éf the experimental phase are shown in Table
:12.

Inspection Qf the serum LH data during the first cycle reveals no
-j_striking difference bethen any experimental group and the basal diet
control group. Iﬁ all groups the pro-oestrous LH surge was evident.
(ii) Subsequent cycles: For the remaindef of the 3 week period blood
samples were éoliec;éd from each rat on every second day. Because of
the limitations imposed by this sampling schedule and the occurreﬁce
of irregular cycles the number of samples drawn on any designated stage
Vof the cycle were often very small. The serum LH values during the fol-

lowing 4 oestrous cycles or the equivalent of 4 day units in the case
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Table 12
Effects of 3 dextrin reduced diets on serum LH levels during

the first oestrous cycle of cannulated rats

Mean serum LH (ng/ml)+SD

Extent of dextrin restriction

Basal diet
Stage of ‘ control :
first cycle - (n=4) 25%(n=3) 50%(n=3) 100% (n=4)
Metoestrus  48.5f 19.1  28.3% 18.9 44.7+ 13.3 44,0t 15.6
Dioestrus | -7 24,0+ 8.0 20.0¢ 5.0 23.3+ 16.6 25.0+ 12.8
Pro-oestrus 467.5+291.1 506.7+427.7 573.3+402.7 830.0+171.1

- Oestrus 1 29.8t 6.6  21.7t 3.5 25.7¢ 6.7  16.5¢ 1.7

of anoestrous rats éré summarizéd in Table 13._ The figures in parenth-
eses indicéte the number of observations at that particular stage of
. the cycle.
| The data are presented with full awareness that they represent, at
:best, possiblé trénds. The saﬁple sizes are too small for sﬁatistical
analysis énd‘nb unéquivocal conclusions can be drawn from these data.
InSpection of mean serum LH'values'revéals little of note except
'in‘the‘casevof the 100% dextrin-reduced diet grdup. A1l 4 rats in the
iOO%bgroup had serum LH levels of <8ng/ml by day 11 and they remained
as such until the end of the 21 day period. -Examination of vaginal
smear data revealed that none of the rats were showing eQidence of cyc-
lical aétivity‘oh day 11 and that they confinued'to be anoestrous for
the rest of the experiment.

- Vaginal smears: Apart from having occasional 5 day cycles, rats in the

‘basal control, 25% and 50% groups showed no further cyclical aberrat-

ions. In contrast all 4 rats in the 100% group became anoestrous during
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Table 13

Effects of 3 dextrin-reduced diets on serum LH levels during the

second and subsequent cycles of cannulated rats

Mean serum LH(ng/ml)*SD

Units of 4 days

'Stage
of _ ' .
Cycle " 2nd ’ 3rd 4th . 5th
' Basal diet control group '
M 44.0% 11.3(2) 41.0+ 2.8(2) 55.5% 20.5(2) 36.0f 5.7(2)
D 17.0+ 7.1(2) 24.5% 17.7(2) 20.0* 8.5(2) 14.0t 8.5(2)
P 535.0%162.6(2) 385.0£190.9(2) 340.0%127.3(2) 290.0% 99.0(2)
0 28.5¢ 2.1(2) 24.5% 6.4(2) 21.5%¢ 5.0(2) 14.0% 1.4(2)
25% dextrin-restriction group
M 72.3% 30.0(3) 33.0 4.6(3)
D 37.3t  7.6(3) 20.3+ 2.1(3)
P 601.0%394.6(2) 381.0£224.9(2) 810.0%268.7(2) 490.0(1)
0 24.0(1) 28.0(1) 32.0(1)
50% dextrin-restriction group
M 27.3: 8.7(3) 42.6% 31.9(3) 43.5¢ 9.2(2)
D , 25.0t 1.4(2)
P 745.0%360.6(2) 480.0(1) 560.0(1) 560.0£367.7(2)
0 28.0(1) 19.5¢ '2.1(2)  19.0(1) ~20.0(1)
100% dextrin-restriction group
14.5%  4.9(2)
*
12.5+ 5.9(4) <8(2) <8(3)

D! : o <8(4) <8(4) <8(4)
P 350.0%99.0(2) '

Figures in parenthesés indicate the number of observations
* Day 11 of the experimental period

M Metoestrus D Dioestrus P Pro-oestrus 0O Oestrus
D! Dioestrus-2 or >
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the course of the experiment. The onset of anoestrus occurred as early
as day 6 in one rat and by day 11 all rats had vaginal smear patterns

consistent with anoestrus.
Discussion

The éerum'LH levels of the cannulated rats in the 100% group dropped
to-aBnormally»low levels (<8ng/ml) by day 11 and remained as such until
'thé end of the 21 day e*perihentalvperiod. In contrast non-cannulated
" rdts, fed the 160%-dextrin—tedu¢ed‘digf'had a mean serum LH concentrat-
ioﬁ of 18;8ng/m1 at day 14, which_did not differ significéntly from that
of phe:control group, It was not until day 21 thét significantly reduced
serum LH-levelé were obSerQed. The finding of lowered serum LH levels
in the caﬁnﬁlatéd rats at an earlier time may have been the result of
the frequent blood sampling to which these rats wéfe subjected. That is,
the: combination of nutritional déprivation and blood loss may have acc-
elerated the drép in serum LH levgls. On the other hand it is possible, o
fhat with ‘the small sampleAsizeé,fthe observed differences are simply
. du§ to chance yariation.:,However;-fhe finding of early onset of anoest-
rQs_in all cannulated fats in the 100% group, taken together with the
Serum LH dafa,édoes sﬁggeét that caution should be exercised when com-

_ paring the sefum LH values of rats on reduced'food intake, and subjected
.to_repeated blpéd_samﬁling, with thosé sampled only énce. This may |
;,app1y on1y‘to rats on extreme caloric restricted'diets since the rats

in thé'ZS% and;SO%'groupé had serum LH Qalues which were similar to

those of non-cannulated control rats.

Experiment 3

In the previous experiment it was found that removal of dextrin

from the diet of noh<¢annu1ated rats did not invariably result in
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anoestrus. In contrast; all cannulated rats, fed tﬁe dextrin free,diet-
and subjeefed Eo‘rebeated blood sampling,vbecame aneestrous within the
3 week eiperimentai period. Fufthermore»aﬁoestrus was, on average,
observed sooner ih this group than in ﬁon—cannulated rats. It is not
known whethe? this fiﬁding is a consequence of the combined effects of
dextrin deprivatioﬁ and repeated bleod‘sampling or whether other fact-
ors related to the‘ﬁandling and'sampling technique are implicated.
vHewever in the majority of éabsequent experiments intact rats were
ehplo&ed; The , purpose of this study was to determine the extent of
caloric deprivation required to consistently'induce aﬁoeétrus in intact
rats within 3 weeks. The next step in inCreasiag the seﬁerity of cal-
~,oficvdeprivatien:was the removal of the fat‘component of the diet. It
_waé ahticipateg that'this-diet, now contaiﬁing only protein, vitamine
and minerals, Qou1d induee‘anoestrus'ih all rats. Consequently the
'investigation was extended beyoﬁd examining the effects of sueﬁ a.diet
 on serum LH, body weight and vaginal patterns alone. Attention was now
directed to the fbllqwing_as well: vpituitary LH content and concentrat-
ioné; orgah weights tpituitary giand, ovarian, ﬁterine, adrenal glands);
examination of fhe-surface appearance of the ovaries; and inspection of
_ the oviducts at the ampullary-isthmus junction for the presence of tubal‘

ova.
Method

Twenfy-five female rats were ihdividually housed and fed the basal
“diet and water adilibitum’for 10 days. Body weight, food c0n§umption
and vaginal shears.were monitored daily. At the end of the adaptation
’ phase.Zerats‘of:simiiar weight and with regular 4 day eestrous cycles

were allocated to one of four groups (n=5 each).
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Starting on day 1 of fhevexperiméntal phase, tﬁree groups were
' fed 5g of a_dextri:n" and fat-free qi'ep (DFF diet) daily for periods of
7, 14 and.21 days respectivély.‘ Thé fourth group served as a basal
diet ad libitum cohtrol éfoup for all thé experimental groups. The
quantity of DFF diet to be providéd‘was computed accordiﬁg to the pro-
cedure descrlbed in Chapter 3 using the mean dally consumption of the
basal dlet durlng the final 3 days of the adaptatlon phase as the ad
1ib1tum‘consumpt10n rate. |

One grqup of raté, fed‘the DFF diet, Waslsacrificed on dioestrué
| closesf to day 7 df the experimentai phase. Not all rats were sacrif-
“iced on the.samé day since somé‘rats'weré still showing signs of cyc-
lical activity. The other two groups, receiQing the DFF diet were
- sacrificed on‘days.14 and 21 respectiveiy; ~All rats in these groups
'weré.displayihg'a cqnstanf dioestrous type smear pattefn at the time of
'autdpsym_'The conffdl group was sacrificed on dioestrus closest to day
21 of th; experimental‘phése. In all cases trunk blood samples were.

éollected for LH assay and autopSies were performed.
Results

‘Body weight: The éhanges in body weight of the control group and the
group rece1v1ng ‘the DFF diet for 21 days are shown 1n Table 14. Only
the body weights of the group surviving the entire 3 week experimental
phase are provided $ihce this was the only data used in the statistical
analysis. The mean.initial and final body weights of the other two
'groupé are: shown in Tablé 16 tégether with organ wéight measurements.

Analysis of variance revealed.thaf the mean body weight of the DFF
diet_groﬁp was significantly lower than that of the basal diet control
group from day 7 onwards.

Food consumption: = Rats in the basal diet control group continued to
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Table 14

Effects of dextrin and fat freé'(DFF) diet on body weight
: c . :

Mean body weight (g)+SD

Dietary regimen

Basal diet (n=5) -  DFF diet (n=5)
Duration
of S L -
feeding = . Body wt.. BW change " Body wt. BW change
‘(days) : (g) ' (% (g) (%)
i ‘ '
Pre . 266.0%12.1 - 1268.2+11.1 -
2 , 267.2+11.8 + .5 253.4%¥11.2 - 5.5
7 275.8+11.5 + 3.7 224.0+ 9.22 -16.5
14 286.6:10.8 £ 7.7 203.0+ 9.7% -24.3
21 295.2+13.3 +11.0 177.0+ 9.4%

-34.0

a significantly lighter:than basal diet control group (p <.01)

consume épprqximately 18g of basal diet per‘day. Consequently the
»quantity_of‘DFFrdiet provided was held constant at 5g per day through-

.out the experimental phase.

. Vaginal smear. patterns: - Rats were jﬁdged to be anoestrous if there
were more than 3 consecutive days of a dioestrous type smear. The.
first day of appearaﬁce of a constant dioestrous smear pattern was
designated the first day of anoéstrus._

Three ratsfin the group sacrificed on day 7Vwere still showing
signs of cyclical activity. The other two rats were sacrificea aftef 
2 consécutive'days of a dioestrous type smear, which was not consid-
ered suffiCiehf'evidence that cycling had ceased.

The time takeh't6 become anoestrous_and the body weight changesb

_at the time of anoestrus, of the remaining 10 rats on the DFF diet are-
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summarized in Table 15.

Table 15
Latency of onset of anoestrus and body weight changes

" in rats fed a DFF diet (n=10)

~ Mean. body weight changes
at anoestrus *SD

Mean initial Mean latency Absolute
BWxSD anoestrumtSD  Body wt. BW loss BW change
(g) - (days) (8 (g (%)
X+SD  266.3t9.4  9.8+1.9 215.7£13.3 50.6¢8.2 - -19.0
Range - 7 to 13 - 40 to 65 -14.4 to -24.1

There were marked individual differences with regard to latency of
onéet of anoestrus and weight lossraf ﬁhe.onset of anoestrum. Some
rats ceased td shbw cyélical activity chh sooner and after a smaller

' weight loss than other rats. Hoﬁever, it was established that all rats
were anoestrous by day 13 and that thé fina1>group rgmained acYciic
until they were sacrificed on day 21.

One rat in the basal diet control grbup had a single 5 day cycle

which was followed by normal 4 day cycles.

"Organ weights: The changes in organ weights are summarized in Table 16.

The pituitary giands of all rats fed the DFF diet were signific-~
antly decreaséd in absolute size and the reduction was greatest-in the
‘groups sacrifiqed_at 21 days. - Theré were,»howevér, no significant

‘differences bétwéeﬁ“aﬁy of the grogps_when pituifary weighf was consid-
'ered'relative_tq'bo&y weight. |

The absolute ovarian weights of the ‘14 and 21 day groups were sig-
nificantly-lower than thosé of the basal diet control and 7 day groups,
but the difference did.not'reach significance when considered relative

to body weight. Both the absolute and relative uterine weights of the



Table 16

EFFECTS OF DFF DIET ON BODY AND ORGAN WEIGHTS

Mean organ weight *SD

Duration ) Mean Mean : Pituitary Ovaries Uterus Adrenals
of No. initial final BN : ‘ :
feeding of BW+SD BW:SD Change Absolute . Absoclute Absolute Absolute
(days)  rats (g) (g) (%) (mg) /100gBW (mg) /100gBw (mg) /100gBW (mg) /100gBW
7 5 269.4¢ 7.4 225.0+ 9.9 -16.5 10.0+ .62b S 4.4% .36 ' 58.5:8,4c 26.0%3.9 336.3&92.6C 150.4:44.7c 55.4% 7.9 24,737
14. S 264.4+8.2 193.2+ 8.9 -26.9 8.6%1.0 4.6 .57 41.632.9 21.5%1.7 190.5+25.8 98.6%16.5 55.3% 5.4 28.9*3.6
21" .5 268.2#11.1 177.01 9.4 -34.0 7.5 .59 4.7+ .40 37.18.6 21.06.0 159.5+12.3 90.1+ 7.8 52;0110.8 29.426.1
Basal
diet ' a c c b - d
control 5 . 266.0%12.1 295.2#13.,3 +11.1 12.7+ .87 4.3+ .39 67.7+4 .4 23.0%1.6 401.9+28.5 136.3210.5  50.4% 5.4 17.122.4
a significantly greater than all groups (2_4101)
b significantly greater than 21 day group (p <@01)
¢ significantly greater than 14 and 21 day groups (p <0.01)
d

significantly lighter than 7 day (p <d05) and 14 and 21 day groups (px?.01)

60T
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14 and 214day grdﬁps were significantly lower thén tﬁose of the basal
control and 7 déy-groups..

Thefe was no.significant differénce between any of the‘groﬁps with
respect tb absolute adrenal glénd‘weight. Hoﬁever, when expressed in
terms relative to body weight, the adrenal glands of the 3 éroups rec-
eiving the DFF diet were significanfly'larger than those of the basal

‘diet control  group. . ‘ _ _ AN

Serum and pituitary'LH levels: The changes in serum LH concentration
and pituitary LH content and concentration are summarized in Table 17

and Figures 2 and_3;j, 

Table 17

Effects of DFF diet on serum and pituitary LH levels

Mean Pituitary LH*SD

Duration of No. Mean Serum :
feeding of LH SD -Content Concentration
(days) rats (ng/ml) - (ng) (ug/mg wet wt)
7 5 20.8%13.1 164.4%48.3 16.6%4.7
14 - 11.6+ 4.2%  111.4242.62 12.7+3.1
21 .5 <8 ¢.0* = 78.0%29.8° ©10.423.2°
Basal C o | -
control S5 34.3x10.1 0 219.2%46.2 17.2+2.5

a significantly lower than control group (p <d.01)
b significantly lower than 7 day (p <4.05) and control group (p <£01)
¢ significantly lower than 7 day and control groups (p <£.01)

By day 14 the mean serum LH concentration of the rats fed the DFF
diet waé significantly lower than that of the contfol group and rem-
ainedalow in thé'21:day group. Whereas two rats in the 7 déy group had
serum LH concentrations of less than 8ng/ml all rats in the 21 day

group had 1evelswof'léss than 8ng/ml.
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.By déy 14'the»mean_pitﬁitary‘LH content of thé rats fed.the.DFF
diet was significaﬁtly 16Wer than'thét of the control groub. After 21
days féeding on the DFF diet the mean pituitary LH content wés signif-
icantly lower than that of thé 7 day DFF diet and basal diet control
vgroups. However, when expressed in terms of ugLH/mg pituitary wet
weight, only the 21 day group had a .mean pituitary LH concéntration
that was significantly lowef than those of the.7 day DFF diet aﬁd basal

diet control groups.

Surface appearance of ovaries. The changes in the number of surface
N ‘ ‘

corpora lutea and follicles reaching criterion size are summarized in
Table 18. The figures recorded represent the total count for both ovar-

“ies.

. -
40r‘
~E  30f
~ .
o
£
- I
|
£
2 20r
o
w
10+
1 1 j )

basal 7 14 - 21
Days '

Figure 2 Changes in serum LH concentration
at intervals after the start of
DFF diet
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Table 18
Effects of DFF diet on the numbers of

surface corpora lutea and follicles

.Meén number +SD

Duration ‘ )
of . No. . ‘ : Ovarian follicles
feeding of -~ Corpora lutea exceeding exceeding .5mm
(days) rats .7mm in diameter ' in.diameter
7 5 15.4+2.4 ‘ - 4.2£1.0
14 5 o 10.2#2.3% 0
21 5 . s.82.6% 0
Basal : .
control - 5 - 16.8+2.4 | 4,8+2.2

a significantly fewer‘than 7 day and control. groups (p <{.01)

v

The 14 and 21 day groups had significantly fewer cbrpora lutea
than the 7 day and control groups. No statistical analysis was carried
out on follicle numbers because of the absence of follicles, exceeding

.5mm in diameter, in the 14 and 21 day gfoups.

Examination of oviducts: rtevealed no tuBal ova at the ampullary-

isthmus junction.
Discussion

After 7 days of feeding on 5g of DFF diet per day body weight was
significantly reduced but the majority of rats were still showing signs
of oestrous cycling. At this stage serum LH and pituitary LH content

and concentration were not significantly reduced. Furthermore target

organs were functioning normally.

During the second week on the DFF diet all surviving rats became

anoestrous. The latency of anoestrus was not consistent across all rats
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and_there was_considerable difference in.body weight lbss at the onset.
‘vof anoestrlis.I v |
After 14 days on the DFF regimen  serum LH lévels and pituitary LH

content were significantly reducéd, but not pituitary LH concentration.
These reduced gonadotfophin.levels cbincided with the invariable onset
of.anoestrus and a significant reduction in the absolute ovarian
weight. The ovaries were small and atrophic, showing no'visible evid-
-encévof follicular development; The procesé of atrophy ﬁay account
for the significant reduction in the number of surface corpora lutea
exceeding .7mm in diameter; That is, the Qverall reduction in ovarian
' mass may have been acédmpaniedkby an'acceierated_regreséion of the lar-
ger'corﬁoraviutea." The uteri were thin and atrophic and the uterine
weight was significaﬁtly reduced in both absolute terms and relative
to body weight. | _

After 21 days fééding on the DFF regimen gonadotrophin leQels and
‘target organs were even more severely affectéd.

Many of the observed changes in-reprodpctiVe function confirm the
work of earlier investigators. The finding of reduced serum LH concen-
“trations is consistent with the reportsvof‘studies employing a variéty

oﬁ restripted dietary regimen with bofh male and female rats (Campbeli
et al., 1977; Howland, 1971, 1972, 1975: Howland & Skinner, 1973;
.Widdowson ét'ai.,.1964). . However the finding of reduced pituitary LH
content and concentratioﬁ after 21 days feeding on the DFF diet is not
consistent with the findings of more recent studies employiﬁg radio-
immunoassay techniqﬁes. Howland (1971,‘1972) found no significant
alferatioﬁ of pituitary.LH content and cohcéntration after 20 days
feeding on a 50% restricted diet. These findings were, in turn, iﬁcon-'
sistent with thosébdf Piacéek & Meites (1967) who, using a bioassay

procedure, reported a marked reduction in pituitary LH concentration
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after 31 days feeding on a SQ%'of normal intake fegimen; It éppears
that the dietary restriction'imposed in the present study was suffic-
iently severe to cause a significant reduction in pituitary LH content
and concentration after 21 days..

The reduction in the absolute pituitary weight of nutritionally
“deprived rats has been observed by many others (Campbell et al., 1977;
Dickerman et al., 1969; Howland, 1971, 1972, 1975; Leathem, 1958;
Negro-Vilar et al., 1971; Piacsek & Meites, 1967; Srebnik § Nelson,
1963). A deéiease in ovarian weight in underfed rats has also been
reported (Howland, 1971, 1972; Piacsek § Meites, 1967; Rinaldini, 1949).
Piacsek & Meites (1967) reported that rats fed 50% of normal food in-
take for 31 days had ovaries in wnich mafufe follicles and recently
formed corpora lutea were absent. Similar observations were made in
the present study. |

Consistent with earlier repbrts was the finding that gonadal
~atrophy was accompanied by a significant reduction in uterine weight.
It is reasonable to assume that the low levels of circulating LH were
fespdnsibie for ihe ovarian atrophy nnd the consequent uterine atrophy.

In thé present study the downward changes in serum LH concentrat-
ion, ovarian énd uteiine wéights had not reached significant proport -
ions 7i days after ;he'stért of feeding on the:DFF diet. Although
there was evidence of a downward trend at 7 days the results indicate
that the full consequences of severe caloric iestriction were not.mani~
‘fest until the second week; The vaginal smear data indicated that the

- mean latency of anoestrus in rats fed a DFF diet was about 10 days. Ons-

et of anoestrus occurred at a time when the rats were, on average, 19%
below their driginal weight. Considering the severity of the restrict-
ion imposed in the present study it was not an unexpected finding that

the latency of anoestrus was shorter.than that reported by investigators
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restricting food intake to 46% and‘SO% of normél quantities (Piacsek §
Meites; 1967; Srebnik § Nelson, 1963). Thé small quéntity of food pro-
vided (5g) could aiOne aécounp féf'the more rapid onset of anoestrus. |
However, it is possible thatvthe mechanisms invoived in regulating

- reproductive function'are particularly gusceptible to éevere caloric
restfiction'as suggestedbbvarshoff (1952).:

Prévious reseércﬁers have reported an increase in adrenal gland
weigﬁt during states of severe undernutrition (Campbeli et al., 1977;
Cﬁowers, 1569; Méites & Reed,'1949); The iﬁcxease in the relative
adrenal gland weight of the rats fed the DFF diet in this experiment -

presumably reflects the stressful nature of the dietary restriction.

Experiment 4

In the previous experiment the chaﬁges in reproductivé physiolégy '
that occur after 21 days feeding on a'DFF diet were established. The
aim of this experiment was to investigafe the changes»occurringvduring
nutritional rehabilitation, fbllbwing 21 days feéding on a DFF diet.
of particular’interest in this study was the time required, after the
start of rehabilitation, for the nutritionally induced changes to be
reversed. The.aim was to establish'the_timé reqﬁired fér the following
to occur: (i) returnvqf normal serum.and pituitary LH levels (ii) rés-
.umptién Qf oestrous cycles (iii) return of organ weights to hofmal values
‘(iv) evidence of gonadotrophin stimulation éf the ovaries and resumption
of follicular development. | |

The time variable was not the only one of interest. ‘Although body
weight gain is dependent upon”the duratign of rehabilitation attentién
was directed at the body weight changes coinéiding with the key events
in the reéumption of reproductive functioning. |

In order to facilitate comparisons with the results of the previous
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experiment the rats were sacrificed on dioestrus; the same stage of the
cycle as the rats in Experiment 3. In a later experiment rats were
autopsied on the day of -oestrus in order to determine when ovulation

first occurs during nutritional rehabilitation.

After 10 dayé of adaptatioh to eating fhé basal diet from feeding
jars:SO female rats.of similar weight and with regular 4 day oestrous
: cycleé were allocafed to one off6 groups {(n=5 each) So that the mean
~ body weight éf'eaéh grbup was approximately equal. - Five groups of raté
were fed 5g of the DFF diet per day for a period of 21 days while the
sixth group continued to consume approximately 18g of baséi diet per day
on an adylibitum.schedulé. Food consumption, body weight aﬂd vaginal
smears wére moﬁitored daiiy,
On day 21 of the:éxperimental phase the 5 groups which had been

" fed fhé.DFF'dief were given access to unlimited quantities of the basal
diet and water. On day 23 (48hr after thé staft of rehabilitation) rats
>in fhe 2 day'rehabilitation group were sécrificed, blood samples were
collecfed and autopsiés were performed. On day‘26 the rats in the 5
day rehabilitation group were Sacrificéd; All animals in this group
were sacrificed on the same day since thevaefe all still anoestfous}
The rats in the i0 ahd 15 day réhabilitation groups were sacrificed on
‘the_day of diéesfrus occurring néareét to days:31 énd 36'qf the experi-
mental phése:;espectively. The rats in the fiffh rehabilitation'group

~ were not autopsied; 'This'grOup was included in the experiment to pro-b:
' f vide additionélkdata on vaginal smear changes during ad libitum rehab~
ilitation. The basal diet confrol group was sacrificed.on the day of

dioestrus nearest to day 36 of the experimental phase.
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Results

' Body weight:. The,chanées in body'weigﬁt of the control group énd the
.groﬁp rehabilitated for the full 15 days.are shown in Table 19 and Fig-
‘ure 4. The body weight meésurements summérized here do ﬁot correspond
with the day of autopsy of the other groﬁps.. The initial and fina1 b§dy
weights of the groups autopsied on déy‘z, 5 and 10 of the.rehabilitat-.

ion phase are summarized in Table 22.
A _ _ i
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Figure 4 Changes in body weight during caloric deprivation
and nutritional rehabilitation phases
(Means#SD)
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Table 19

Effects of DFF diet and ad libitum rehabilitation on body weight

"~ Mean body weight (g)+SD
Duration. since - _ ‘ o

start of o ' E v
experimental period .Basal diet control DFF diet group

(days) - ‘ group (n=5) : . {n=5)

Deprivation phase

Pre . 247.8+11.9  248.2+ 8.3

| ' ' , :
7 | 257.8+14.0 ~204.0% 6.8%
14 268.4+14.6" 185.6+ 5.9°
21 o 277.0£13.4 163.0+ 6.0%

Rehabilitation phasé

22 ('1day rehab) - 278.2¢13.4 : 192.2¢ 7.12
28 (7 days rehab) 285.6+11.5 246.8+12.7%
35 (14 days rehab) 292.4+11.4 . 286.6+10.7

a significantly lighter than control group (p'qﬂOI)

v 'Anaiysis of variance revealed that the mean body weight of.the :
DFF diet group was‘Significaﬁtly lower tﬁan that of fhe coﬁtrol_gioup. .
on days 7, 14 and 21 of the depfivation phase and remained signific—‘
antly lower-for 7 déys aftef the start of rehabilitation.

After 14 days of rehabilitation, however;‘the body weiéht of the two
groups did not differ significantly. There was. a significant.increase
in body weight of the DFF diet group after l.day of rehabilitation
@eon. | | |

" Food consumpfidn: During deprivation phase: Since the basal diet con-

trol group continued to consume approximately 18g of food per day the
- quantity of DFF diet given to the experimental groups was held constant

at 5g. During rehabilitation phase: The 24 hr food consumption.rates
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of thé rat§ rehabilitated fof the full 15 day period were as.follows.
During the fir?t 7 days of rehébilitation the mean 24hr consumption of
the basal dief was'28.3i4;1gf Food eonsumptibn,.howevef, was ndt:con_
.sistentiyvhighlduring the firsf week. ‘There was a pronouncedvdrop in
food consﬁmption from 28.2g during the'first 24hr to 21.6g during the
second_24hr. Thefeafter fqod consumpfion‘incfeased again and during
the 24hr period ehdiﬁg on day 8 the ﬁean consumption was 29.6g. Dgring
the final 7 days.ofbrehabilitation,'tﬁe mean daily intake was 24.5%4.3g.
After 15 days of ad libifﬁh access consumption had decreased.but rehab-
ilitated rats were still eating above average quantifies'of food;' The
mean consdmbtiéﬁ on the final day of the experimeht was 21.4g;

Vaginalfsmear‘patferns:'

During;deprivation phase: . The time taken to become anoestrous and the
body weight changes at the onset of anoestrus are summarized in Table 20.
The findings summarized in this table are based on the combined data of

all rats fed the DFF diet.

Table 20
' Latency of onset of anoestrus and associated body weight

changes in rats fed a DFF diet (n=25)

v Mean BW changes at anoestrus*SD
mean o :

Medan . latency , : .
initial ° anoestrus . , Absolute .
BW+SD - ~ *SD ~ Body wt. BW loss BW change
(g) (dgys) @ (8 (%)
YfSD 247.7%9.2 8.2+2.4 204.1+11.1 43.6+10.4 -17.6
Range - 5 to 12 - 23 to58  -8.2 to -24.2

During rehabilitation phase: The time taken for rehabilitated rats to

show an oestrous-type smear pattern for the first time and body weight
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changes at first oestrqs.are-shown in Tque 21. The appearance bf a
smear in which cornified cellslpredominated, after an extended period'of
a dioestrous:type smear patternivwés interprefed as.reSQmption of cyc-
licallactivity.‘

The 2 and 5 day rehabilitatién groups  are not included in Table 21
since they were autopsied at a time when they were still anoestrous.
The vélues in‘the table afe derived:from the 10 day rehabilitation group

~and the 2 remaining groups, rehabilitated for 15 days.

. Table 21
- Latency of resumption of oestrous éycling and body weight
‘changes at first oestrus during ad libitum rehabilitation

foilowing 21 days feeding on a DFF'diet (n=15)

Mean initial Mean latency of Mean BW ét‘first BW change at

BW+SD resumed cycling QeStrus +SD. first oestrus
(g) - | (days). (& (%)
X:SD  247.7%7.9 6.4%1.1 239.128.6 . 3.4
Range - ‘ ~5to9 - ‘ S11.2 to +2.1

It was observed that some rats had oestrous type smear patterns
that were not preceded the day before by the typical pro-oestrous pat-
tern, but by a smear in which,leucocytes'predominated;' Other rats dis-

~played 2 consecutive days of vaginal,cornification.:

Organ weights:L The changes in organ weights at various intervals during
full nutrifiohal rehabilitation are summarized in Table 22,

| The absolute pituitary‘wéight of the‘ZAand'S day groups was sig-
nificantlylloWer thah that of the basal diet control and ofﬁer rehab-
ilitation groups. The absolute pituitary weight of the 10 day group
was significantly lower than that of the 15 day and control groups.

There were, however, no significant differences between any of the



Table 22

EFFECTS OF NUTRITIONAL REHABILITATION ON ORGAN WEIGHTS AFTER 21 DAYS

FEEDING ON DFF DIET .

Mean organ weight #SD

. . Mean Mean - Pituitary Ovaries Uterus Adrenals
Duration of No. initial final BW
rehabilitation of BW+SD BW+SD Change Absolute Absolute Absolute Absolute
(days) rats (8) ® %) (mg) /100gBW (mg) /100gBW (mg) /100gBH (mg) /100gBW
2 5 247.8£12.2  196.6%18.3  -20.7 9.1+g.81° 4.6+1f.38 38.2¢4.65  10.5:2.79  180.1:14.0%  93.4:4.1%  40:3:1.0 25.2+1.4%
5 5 247.8#12.1  225.0¢ 9.8 - 9.2 9.3:¢61° 4.1:.23  61.4%2.9° 27.3:1.9  309.5:17.85 137 615.3 50.9:0.92 22.7:1.0
10 S 246.8% 4.1  265.4% 9.8  + 7.5 11.1:%.95° 4,2:¢.26 65.6:1.5 24.8:1.2  337.7¢12.9% 127.3:5.10  53.5¢3.3 20.1+ 4498
15 s 248.2+ 8.3  284.6:10.7  +14.7 12.7%1.1 4.5:0.32 69.4%5.8 24.4%1.7 382.0%12.0 134.3%3.5 52.2%9.3 18.3%3.3
Basal diet . ‘
control 5 247.8%11.9 292.4+11.4 +18.0 13.2+0.45 4.5:4.15 71.845.3 24.6%2.1 384,3:35.3 131.327.7 56.3%11.1 19.2+3.4
a significantly lighter than 10 and 15 days and control groups (p <.01)
b significantly lighter than 10 day (p <.05) and 15 day, control groups (p <.01)
c significantly lighter than 15 day (p <.05) and control groups (p <.01)
d significantly lighter than all other groups (p <.01)
e significantly ‘lighter than control group (p <.01}
f significantly lighter than 15 day and control groups (p <.01)
g significantly lighter than 15 day and control groups (p <.05)
h significantly lighter than 5 day group (p <.0S)
i significantly heavier than 10 day (p <.05) and 15 day and control groups (p <.01)

Zct
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groups when pituitary:weight was_consi&ered relative to body wéight.

Thé ovarian and uteriné weights:of.the 2 day group were signif-
icantly lower than those of all dther groups in both'absoiute weight
and rélative_to_body weight terms; The absolute oQarian Weight of
the SYday group wa$ significantly ioWer than that of the control group.
The absolute uterine weights of the.S aﬁd 10 day groups were signific-
antly‘10wer'than fhose'of the 15 day and control groupé. The relative
uterine weight of the 10'&&} group.. was significgntly 1ess:than that
of the 5 day group.

There were no significant differences between any of thé.groups
with regard té_absolute adrenal gland. weight. However, when expfessed in
terms relative to body weight, fhe adreﬁal glands of thé 2 day groﬁp were

significantly heavier than those of the 10, 15 day and.COhtrol groups.

- Serum ahdApituitary LH levels v'Thé serum LH concentration and pituit-
ary LH content and_éoncentratioh, at vari§u$ stages during nutritional
rehabilitation, are summariéed in Table 23. |
,Serum-LH concentration and. pituitary LH content and concentration
feméined significantly léwer_than normalvcontrol'values up to and in;
cluding the tenth day of rehabilitation; ‘There was no'significant dif—_
ference between the 15 day rehabilitatioﬁ group and-thg bésal'diet con-

'trollgroup with respect to mean serum and pituitary LH levels.

Surface appearance of.ovafies: The changes in‘the number of Sufface
corpora lutea and folliclés, reaqhing the siie criterion, during the
course of nutritional rehabilitation are'summarized in Table 24.

“The ﬁean humber;of éorpora lutea counted in.the ovaries Qf the 2
and -5 day groups were significantly lower than those’of_fhe 10, 15 day
and conffol groups. Statistical énalysis of follicle data excluded that.
of the 2 day g}oup Which had no follicleslexceedingO.Smm in diamefer..

~The 5 day group had significantly fewer follicles than the control group.
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- Serum and pituitary'LH levels at various stages during

ad 11b1tum nutrltlonal rehab111tat10n following 21

days feedlng on DFF diet

Duration of

Mean serum

Mean pituitary LH *SD

rehabilitation 'LH*SD . - Content Concentrétion.
(days) (ng/ml) (ug) (ng/mg wet wt)
2 8.2+ .452 '88.0%20.22 9.6+1.59
5 13.4+3, 4P 67.8+23.8% 7.3t2.6%
10 16.6%4.8° 120.4+35. 3% 10.8+2.9°¢
15 20.6%5.9 191.0+50.7 15.0%3.6 -
Basal diet o . :
control 26.4+7.4 220.8+24.2 16.8+1.7

significantly lower -than
significantly lower than
significantly lower than
significantly lower than

15 day and control groups (p < 01)

control group (p <.01)

control group (p <.05)

15 day (p < 05) and control groups (p <.01)

anoe

Table 24
'The'number.of surface corpora lutea and follicles at various stages
‘during ad libitum nutritional rehabiiitatiOn following 21 days

feeding on a DFF diet -

“Mean number xSD.

Duration of Corpora lutea Ovarian follicles

rehabilitation exceeding .7mm exceeding .5mm in
~ (days) ~ in’'diameter diameter
2 - 7.2¢2.92 0
5 '8.8:2.9° '3.242.2°
10 15.2+2.3 6.6+2.4
15 14.6+2.1 1 6.4+1.7
Basal diet .
control 18.4+2.9 7.8%1.5
a"51gn1f1cant1y fewer than 10, 15 day and control groups (p <.01)
b significantly fewer than 15 day (p <-05).and 10 day and control
groups (p <.01) o '
¢ significantly fewer than

control group (p <.01)
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- Discussion

The average,timevtakeh.for rats, fed 5g of DFF diet per day, to
become andestrous waé.similarvfd that~oBserﬁed in the previous ‘experi-
ment. |

During ad libitum rehabilitation‘qud consumption was extremely
high qnd_ﬁeight gain was-rapid. During the first 7 days of rehabilit-
Ation'the rats consumed, on average, 28.3g of the basal diet per day. |
Within 5-9 days after the start of nutritional rehabilitation‘the rats

4showed signs éf resumed.cyclical activity. The méan bddy weight of the
rats at thé time of first oesfrus was 3.4% below the ériginal mean body
weight.v | |

Rapid grawth dufing the périodbdf‘rehabilifation wasvobsérvéd by
Widdowson et al. (1964);. Fufthermore these investigatbrs found that

" young rats that stillvhad closéd'vaginae Wﬁen rehabilitation began, .
sﬁowed vaginal opening'withiﬁ 5 dayg of refeeding. At the end of-7‘v
days rehaBilitation fhe ovaries were as large as those of adAiibitum

fed controls of.thé same age and numerous corpora luteé were formed

(Widdowson et ai., 1964). o |

.Because of'the‘1érge amounts of food conéuméd the measured body
weight included, in part, the increaséa weight of the gastrointestinal
contents. 'Consequently the organ weights expressed in term$~re1ative to

- body weight are.likeiy to be slightly lower than they would Be in fhe
absence. of the additional contents of the gastrointestinal tract.

All raﬁé in thé 2 and 5 déy rehabilitatién groﬁps weré'sti11 anoe-
strous at tﬁe time of autoﬁsy.

At 2 days serum LH conégntrétion, pituitéry_LH cdntent_and concentrat-
ion was still significantly'below control vaiueé. Four of the rats in
this_grdup.still had serum LH levels of less than 8ng/ml. The ovaries

were small and atrophic and showed no evidence of gonadotrophic stimul-
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ation. Thé ovariah_and utefine weights of the 2 day group.weré signif_
icantly lower thén‘thbse of thexother rehabilitated gr0q§s and the‘con—
trol grohp in bofh.absolute'terms and relative to body weight. In
Contfast the adrenalvglaﬁd wéight of the 2 day group, when considered
in terms‘relativevto'body weight, was significantly greatef‘than that
of the 10, 15 day and control grdups. |
- At 5 déys serum LH concentfation, pituitary_LH contenf and concenti_
ration was still significanfly beiow_control values. Thé pituifary LH
content and conCentrétion values were lower than those ofrthe 2 day
group. .It is possible that these reduced pituitary LH 1eve1§ Qere'thé.
result of.renewed reléaselof LH intb:the circulation thatipreceded
fhe onseﬁ of cycling'which occurréd 5-9 days affer the startiof rehabii-
itation. ;Thét‘is, LH release may have outstripped gonadotrbphin syn-
thesié, either due to impairmént of pituiféry function or. decreased.
secretion of LHRH by.fhe hypothalamﬁs.

At 5 days thé évaries were showing distinct signs of goﬁadotro—
~phin stimulation. New ovarian foilicles were visible and the absoiuté
ovarian weight was iﬁcreased. Evidence of renewed ovarian functionvwas
reflected in the iﬁéreése in the absolute uterine weight.
At 10 days the'mean body.weight'exceedéd the group's mean initial body
~weight. In spife of.the rapid weight gain and the'reappearance of. cyc-
{lical activityfeﬁidence of the ébh#inued effects of the dietéry'reé—
triéfion was>stilllapparent; Sérum LH concéntration,'pituitary'LH
content and concéntration weré étill significéntly iower than control
values. As proposed‘earlier the lower pituitary LH levels may be a
reflection of LH rélease that is not matched by-gonédotrophin SYnfhesis,

The pituitary and uterine weights,.expressed in absoiute terms,
‘were:still significantly lower than cdhtrol values. 'In-cqntrast the

ovaries of the 10.day group did not différ-from those of the control
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-group with respect fo,ﬁeigﬁt éndvthe number. of surface corpora lutea
and’follicies.; Clearly sufficienf gonadotrbphins were being released
to suppdrt ovarian developmenf-and cyélical activity. |
The 15 day group did not differ from the basal diet control group
along any of the parameters inve#tigated.. By this stagé all rats were
‘ showing'éyidence of normal 4 day QYCles and had apparentl? recovered
from the period of inaﬁifion.‘ The present:findings suggest.thatvno
permaneﬁt damage'wasvcauSed by the nature and duration of malnutrition
“imposed.. However;'sincé histologiCal:examinations of the organs were
not<performed the possibility that pathdlogiéal changes_octurred.in theb
- pituitary, fhat have been observed in some.malnourished humans (Gillman
& Gillman, 1951; Zubiran & Gomez-Mont, 1953), cannot be excluded.
| There have been no reported'studieé on the effects of nutritional
rehabilitation on gonadotrophin levéis in female rats. The present
findings are not éonsistent with the studiés of rehabilitation of male: -
rats. Cambbell et al. (1977) reported that 7 days of refeeding of male
raté, after chronic undernutiitionQ-prodUced eievations in circuléting
gdnadotfophin$ to values well abové*thdée df.controls.i Others have |
repbfted thét‘serum'testpsterone levels fébound‘during rehabiiitatibn
.iof male rats to 1eve1§ higher fhan fhat found in fully-fed controls
(Grewal ét al., 1971; Howland, 1975). The consisfent absence of LH re-
bound, at varioﬁs_intervals during rehabilitation, in this étudy may be
a function,of sex and/or species differencgs'or the‘éeverity éf distﬁrb-
ance caused by extrémeicaloric.depriVation. Rather than shbwing a re-
bound effect, serum LH 1éVe1$‘gradua11y rethrned to normal.‘ It is
possible, however, that a rebound effect may héyé_occurred at-a time

~ other than on the days on'Which blood samples were collected.
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Experiment 5

In the previous experiment it was found that rats showed éigns‘of
resumed cyCliéai activity between 5 and 9 days after‘the stért of nut-
| ritional réﬂabilitation;. If has.yet.to be established whether the rats
“‘oyulété-at the time of the first few appearanées of vaginal cornific-
ation. The aim of this experimeﬁt waé to detérmine whether or not thé

early cycles during nutritional rehabilitatibn'were ovulatory,oneé.
Method

After 10 Aays,of adaptatiOn‘fo eating the basal diet from’feeding.
jars 20 femélevrats,~of similar weight‘and wifh regular 4 day oestrous
.cycles énteréd the exﬁerimeﬁtal phasé. Fifteén rats receiyed Sg‘of the
DFF diet per day for‘21 days while the fémaihing 5 rats served as the
basal diet control gfoupy .Body weight, fb&d,conéumptioﬁ_and vaginal
smearsvwere monitoiéd_daily. | |

On day 21 of the éxpérimental phasé the rats’which had been feéd
the DFF diet_wére allowed access.to unlimited quahtities of the basal
diet. The final allocation of rats, according to smear paftern-sequence
during rehabilitation was as follows: |
| (1) 5 rats_were autoﬁsied‘at:the first appearaﬁce of an oestrous-

type smear,'pfeceded the previous day by a typical pro-

oeStrous smear pattern (Group'Plol).

(ii) 3 ;ats wére autopsied on the first day of vaginai cornific-
atibn preceded the previoﬁs day by a smear'patfern in which
leucocytes predomihated (Group blol).' | | |

(iii) 3 rats were autopsied on the second ‘day of the firsf appear-

'aﬂce of twolconsecutive days of vaginai cornification (Group

olozj.

(iv) 4 rats were autdpsied on the day of oestrus during the second
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cycle (Group PZOZ)'
(v) 5 rats in the basal diet control group were autopsied on the
day of oestrus.

The ovaries and oviducts of the rats in all groups were examined.
Results

The reselts are sumﬁariied in Table 25. Because of the small
.and unequal sample sizes tﬁe date collected were notvsubjectedtto stat-‘
istical analysis except in the case of frequency of ovulation. Discus-
'sion of other results will be of a descriptive nature only; |

The results of greatest interest.were,the'proportion’of rats ovul-
ating. All rats in the Ploz; 0102 and basal diet control groﬁps.ovul—

ated, while the majority of rats in the O and P102 groups showed

1%2
evidence of_ovulation. Statistical analysis revealed no'significant
difference between the 5 groups with regard to frequency of ovulation
(x2=0.08, df=4,p > ;05). Inspection of'the'mean number 6f'oVa per ovul-

eting rat suggest that the ovulation rate may have been lower in the

rehabilitated rats.
Discussion

The first appearénce of vaginal cornificatioﬁ during rehabilitat—
ion was associated with ovulation in the_majority of rats. This was
found irrespective of whether the oestrous type smear pattern was pre-
ceded by a typieal pro-oestrous smear pattern or nOt;

The findings'indicate‘that the first and secoﬁd cycles during

rehabilitation following anoestrus are generally ovulatory ones.
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e 25

Effects of ad libitum nutritional rehabilitation on body weight, ovulation and surface appearance of ovaries

Ovaries Oviducts
Mean number +SD
: Mean Corporé : Mean
-Mean Mean duration lutea Follicles no. -of
- No. initial final BW of exceeding exceeding : ova per
. of BW+SD BW+SD change rehab. £SD ~.7mm in .5mm in Proportion ovulating
Group rats (g) (g) (%) (days) diameter diameter ovulating = rat *SD
Plol' 5 249.2+8.9 .245.4+14.4 .  -1.4 6.4+1.1 15.2+2.6 3.4+1.5 5/5 - '9,813.4>
o : Range 5-8 i ' : ‘
D,0, 3 244.0:7.8  240.0%10.0  -1.6 6.7t .58 14,7¢2.5  2,7:1.5 3/3 - 10.0£2.7
Range 6-7 : ' g
0102 3 249.3+2.1  249.0% 7.8 - .13 6.3+ .58 - 13.7+3.8 4.3+1.2 2/3 11.5+2.1
_ ' ' ' Range 6-7
P202 -4 247.86.1 262.0+ 5.9 +5.7 9.8+ .50 0 16.3%£2.2 4,3+1.5 3/4 .'v 9.0+3.0
Range 9-10 :
Basal
diet o : .
control 5 - 247.6%3.7 287.8* 6.9 +16.2 - 19.8+1.3 3.0£1.6 5/5 13.2+1.2

0sT
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Experiment 6

The dim_of this'study was to detefmine whether resumption of oest—
rous cycles, during nutritionelvrehebilitatiOn is dependent upen
- weight gain of a eritical magnitude or whether intakevof small quantit-
ies of a hign ealorie diet is sufficient to initiate renewed cycling.
A second objeetive was to determine whether an extended-petiqd of
~ emaciation, without further weight loss, resulted in a deley in the

resumption of cycling during nutritional rehabilitation.
Method

After 10 days ef adaptation to eating the basel diet from feeding
jars, 15 female rats of similar Weignt and with regular 4 day cycles
were fed 5g of the DFF diet daily for 21 days. At the end of‘the res-~
triction period the rats wete‘allocated to one of.3 groups (n=5 each)
in such a way that the mean weight loss (% of initiel weight) of each
gtoup was approximately equal. Thereafter tne 3 groups were placed on
different basal diet regimens. |

(i) Fuli rehabilitation group: Aliowed access to unlimited
suppiies of the basal diet.

(ii) Gredualirehabiiitation greup: Allowedvaccess to 18gvof
basal diet’ per day. This quantity is the averageramount'of
food consumed, during a 24hr period, by fully-fed rats of
the same age. Hewever, the quantity is well below the aver-
age food consumptionvrate of rats on full nutritional
rehebilitation (approximateiy 28g during the first week).

It was reasoned that limiting basal diet intake to 18g pei
day would reduce the growth rete of rats during nutritionai

rehabilitation.
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(1ii) .Low weight maintenance plus gradua} rehabilitation group:

: Allowéd access to 10g of basal diet per day for 7 days. It
was judged that this quantity of food would not cause fur-
ther weight loss nor allow significant weight gain in rats
previously fed a DFF diet for 21 days. Thereafter the rats
in this group were placed on the gradual rehabilitatioh reg-
imen. |

Body weight, food consumption and vaginal smears were monitored

daily.
Results

Food consumEFionﬁ The mean 24hr consumption rates of the full rehabil-

itation group were as follows: for the first 5 days, 27.7+2.5g; days
6-10, 28.0+3.8g; days 10-15, 22.0+2.9g. The other two groups invariably
consumed the full amount of‘food provided.

Body weight: The changes in body weight of the groups on 3 dietéry
regimens, over a 20 day périod, are shown in Figure 5. For convenience
body weights at 5 day intervals were employed in the construction of

the graph. The mean body weight of each group at the time of first vag-
inal cornification (Oestrous type smear) is markéd with an asterisk.

The body weight changes associated with the first day of vaginal corn-
ification are aléo summarized in Table 26. Statistical analysis .
revealed no significant différence bétween the 3 groups with regard to
body weight at the onset of renewed cycling ( p> .05).

Vaginal smear patterns: The time taken by the 3 groﬁps to first show

evidence of vaginal cornification is summarized in Table 26. The full
rehabilitation group resumed cycling significantly sooner than the
other two groups whereas the gradual rehabilitation group showed vag-

inal cornification significantly sooner than the low weight
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The full rehabilitation group first showed evidence of vaginal

cornification after 6.4+1.1 days, at a time when the mean group body

weight was 1.3% below .initial body weight.

The gradual rehabilitation

group showed evidence of resumed cyclical activity after an average of

12.2+ .84 days, at a time when the mean body weight of the group was

3.2% below initial body weight.

The onset of oestrous cycling was de-

layed further in the case of the rats maintained at a low weight and

then placed on a gradual rehabilitation regimen.

Vaginal cornification

was first observed aftet 17.8+1.1 days, at a time when the mean body

weight of the group was 3.4% below initial body weight.

‘Table 26

Latency of resumption of oestrous cycling and body weight

changes of rats on different rehabilitation regimens

Mean Mean latency Mean BW
No. " Initial of resumed at first BW change at

Dietary of BW+SD cycling+SD  oestrus+SD  first oestrus

regimen rats (g) (days) (g) (%)
Full 5 239.8%10.6 6.4+1.1% 236.6%5.1 -1.3
rehab. ' Range 5-8 '

Gradual 5 241.6%13.4 12.2% .84b 233.4%3.4 -3.2
rehab. Range 11-13

Low wt

maint. + : :

gradual 5 240.2+ 7.4 17.8+1.1 - 232.0£9.0 -3.4
rehab. Range 16-19

a significantly sooner than other groups (p <.01)
ow wt. maintenance plus gradual rehab.

b significantly sooner than 1
group (p <.01)
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Discussion

The 1atencybdf resumed cyéling ana associated bod} weight changes
of the full rehabilitation group were similar to those observed in earl-
ier experiﬁents. |

The finding of no significant difference between the 3 groups with
regard to body weight at the time on onset of renewed cycling, suggests
that resumption of oestrous cycling is dependent upon weight gain of a
certain magnitude. The present study indicates thét provision of lim-
ited quantities of a high energy diet is not sufficient to initiate
feproductive cycling in rats with nutritionally-induced anoestrus. The
similarity of body weight changes at the onset of oestrous cycling,
irrespeqtive of the length of time taken to regain weight, suggests that
resumption of cycling is not solely a function of the duration of rehab-
ilitation but, more specifically, of weight gain achieved during rehab-
itation.

The present study indicates that weight gain, to the extent that
rats are, on average, about 3% below initial body weight, is critical
for the resumption of cyclical activity. Furthermore the results of
this study suggest that extending the period of emaciation for an ad-
ditional 7 days did‘not have the effect of delaying the resumption of

normal cycling after the appropriate body weight had been reached.

Part B: Provocation studies

The purpose of the series of studies tb be reported in Part‘B was
to determine which components of the hypothalamic—pituitéry-ovarian
(HPO) axis are dysfunctional (i) during the state of nutritionally—
induced anoestrus (ii) at various stages during the course of ﬁutrit—
ional rehabilitation. Use was made of exogenously administered horm-

ones to test the rate of respohse, capacity and reserve of the
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components of thé HPO axis.

Most available evidence points to a functional hypothalamic def-
ect as the cause of anoestrus during nutritional deprivation (Campbell
et al., 1977; Ibfahim § Howland, 1972; Negro-Vilar et al., 1971;
Piacsek § Meites, 1967). However, since the reproductive system is not
regulated unidirectionally it is also necessary to examine the res-
ponsiveness and the functional capacity of the pituitary gland and the
ovarieé. It is poé;ible that there is persistent unresponsiveness of
the anterior pituitary due to depletion of gonadotrophins. Such dep-
letion may be the result of malnutrition exerting a direct effect on
the pituitary or the depletion of gonadotrophins may be due to decreased
synthesis and/or release of LHRH from the hypothalamus. Yet a further.
explanation to be considered is that, due to ovarian refractoriness,
there is an absence of sufficient oestrogen to exert a positive feed-
back effect on the hYpothalamus.

The specific purpres of each study will be presented in its

introduction.

- Experiment 7

To date there are no published reports on the effects of LHRH
administration on LH secretion during nutritionally induced anoestrus.
Studies with underfed male rats have revealed a normal pituitary res-
ponse to LHRH administration (Campbell et al., 1977; Root §& Duckett,
1973). The only reported studies of the effects of LHRH provocation on
emaciated females are those which have been done with anorexic patients.
Studies employing single intravenous injections of LHRH during the
acute stage of anorexia nervosa have produced inconsistent results.

The response to LHRH by anorexic subjects has been described as absent,

impaired or normal (see Chapter 2 for more detailed review). In those
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patients not Showing a response to>a single ihjection of LHRH, it has
been found that they do show a normal response pattern after prolonged
LHRH treatment (Nillius § Wide, 1977). These findings suggest that
LHRH exerts a self-priming effect on the pituitary responsiveness to
LHRH, acting together with modulatory feedback effects of gonadal ster-
oids. Nillius § Wide.(1977) proposed that the results of pro}onged
LHRH studies provide support for the hypothesis that there is a defic-
ient productiqn and/or secretion of endogenous LHRHYfrom the hypothal-
amus.

Further support for the notion that LHRH_seﬁsitizes the anterior
pituitary to itself éoﬁes from studies in which fully fed rats were
used. Although a significant increase in circulating LH, foliowing
LHRH administration, has been observed on all days of the oestrous
cycle it has been found thatvthe maximal response occurs on pro-oestrus
(Aiyer et al., 1974; Blake, 1978; Gordon § Reichlin, 1974; Legan §
Karsch, 1975; Zeballos § McCann, 1975). This finding led to the sug-
gestion that the enhanced sensitivity 6f the pituitary to LHRH on the
afternoon éf pro-oestrus may be, in part, due to LHRH incréasing the
potential of the gonadotrophs to secrete LH in response to further LHRH
stimulation. Alternatively, it haslbeen suggested that.LHRH, by rais-
ing the levels of circulating LH, gtimulates the secretion of sex ster-
oids which, in turn, enhance the sensitivityiof the anterior pifuitary
(Aiyer et al., 1974). It is conceivable, however, that under normal
conditions, both mechanisms are in operation. That is, preovulatory
oestrogen secretion stimulates the secretion of hypothalamic LHRH as
well as diréqtly enhancing pituitary sensitivity to LHRH and that the
continuing secretion of LHRH sensitizes the pituitary for further LHRH
stimulation.

The purposes of the present study were manifold. Firstly, the aim
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was to investigate the functional state of the pituitary gland of rats
during nutritionally induced anoestrus by measuriné the LH response to
a single injection of LHRH. It was reasoned that, in the event of
depletion of pituitary stores of LH and/or impairment in the capacity.
to release LH there would be no significant response to LHRH stimulation.
Secondly, the aim was to determine whether constant infusion of
LHRvabr 60 mins before a rapid injection of LHRH would result in an
enhanced pituitary response. A significantly greater LH response, in
these LHRH-primed rats, Qould indicate a sensitizing effect of LHRH on
the bituitary and wouid add further support for the hypothesis that
ihere is défiqient production and/or secretion of endogenous LHRH dur-

ing states of inanition.
Method

Thirty female rats with regular 4 day oestrous cycles were allowed
10 days to adapt to eating the basal diet from feeding jars. At the
end of this period all rats had jugular cannuli inserted surgically and
were allowed a fecovery‘period of 3 days. Thereafter they were alloc-
ated to one of.three groups (n=10 each) so that the mean body weight of
each group was apprdximately equal. On déy 1 of the experimental phase
2 groups of rafs were placed on a 5g DFF diet per day schedule, which
was maintained until day 14. The base of the feeding jars were raised
to avoid disturbance of the cannuli while eating. Theiraté in the third
group continued to receive the basal diet éd libitum for the same per-
iod. During the recovery and experimental phases the cannuli were
cleared every second day. Body weight, food consumption and vaginal
smears were monitored daily. By day 14 all rats receiving the DFF diet
were showing evidence of anoestrus (constént dioéstrué smear pattern).

On day 14 five rats from each group, with intact and patent cannuli,
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entered the next phase of experimental treatment. In addition, the
remaining 2 rats in the basal diet group with intact cannuli were in-
cluded as an '"all saline" control.

The 4 groups of rats were treated on dioestrus as follows:

Dietary No. of

regimen rats lhr infusion of: Rapid injection of:
.05ml saline 50ng LHRH in .1lml saline

DFF diet containing 50ng

(Group 1) 5 LHRH

DFF diet ' ~.05ml heparinized 50ng LHRH in .1ml saline

(Group 2) 5 saline

Basal diet .05m1 heparinized 50ng LHRH in .1ml saline

(Group 3) 5 “saline

Basal diet | .05ml1 heparinized .1ml saline

(Group 4) 2 saline

Details of the infusion procedure and preparation of the LHRH doses are
provided in Chapter 3.
The following blood sampling procedures were employed in thi;
study. In each case samples of .4ml blood were collected.
Pre sample: This sample was collected immediately before the rats
were connected to the infusion apparatus
Omin sample: Samplé collected at the end of the 1 hour infusion period
immediately before the rapid injection of the LHRH bolus
or saliné | |
Further samples were collected 10, 20, 40 and 80 minutes after the

rapid injection of LHRH or saline.
Results

Body weight: The changes in body weight of groups 1-3, during the 14
day experimental diet period, are summarized in Table 27. The body
weights of the groups fed the DFF diet were significantly lower than

the basal diet group at days 7 and 14.
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Table 27

Effects of 14 days feeding on DFF diet on body weight

Mean body weight (g)+SD

: BW change
Dietary at day 14
regimen rats Pre wt. Day 7 Day 14 (%)
DFF diet a a
(Group 1) 5 250.6%2.4 209.616.2 186.4+5.8 -25.6
DFF diet | . .

(Group 2) 5 251.0£3.0 206.4+4.3  182.2%4.4 -27.4
Basal diet

(Group 3) ) 249.8%4.0 260.2%3.6 271.4+2.6 + 8.0

a significantly lighter than basal diet group (p <.01)

Food consumption: The basal diet group consumed, on average, 17.8t1.5g

during the first 7 days and 18.4%1.5g during the second week. The con-
sumption rate of the DFF diet fed groups remained constant at 5g.
throughout the 14 day period.

Vaginal smear patterns: All rats receiving the DFF diet were showing

a constant'dioeétrous—typé smear pattern 8 days after the start of the
dietafy regimen. Apért from occasional 5 day cycles, largely confined
to the period shortly after the installation of the cannuli, the basal
diet group continued to display normal 4 day cycles.

Serum LH levels: The changes in serum LH levels at various stages

during the LHRH administration procedure are summarized in Table 28 énd
Figure 6. Only the data of groups 1-3 were employed in the statisticai
analysis. The basal diet fed, saline infusion-saline injection control
group was too small to be included. Analysis of variance indicated
that the mean serum LH levels of group liwere significanfly greater
than those of group 2 at the end of the infusion period and at all

_ sampling intervals after rapid injection of LHRH, except at the 80 min.
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Table 28

Changes in serum LH levels in response to LHRH administration

Mean serum LH(ng/ml1}+SD

Time since rapid injection of 50ngLHRH (mins)

°o No. Pre
of (before :
Group - rats infusion) 0 10 20 40 80
1. DFF diet:
LHRH infusion+ a a a a
LHRH injection 5 <8.0¢+0 85.6+15.4 365.0% 85.4 242.0+ 88.4 79.8%£33.3" 11.8t 5.5
2. DFF diet:
Saline infusion : :
+LHRH injection 5 <8.0%:0. <8.0+ 0 82.8t 19.6 30.4+14.9 10.4% 5.4 <8.0x 0
3. Basal diét:
Saline infusion é a a '
+LHRH injection 5 39.8+14.8 28.8+21.0 360.0+105.8 206.0+35.1 69.4+18.2" 40.2+28.9
b4. Basal diet:

Saline infusion

+Saline injection

2 28.5+ 3.5 34.0+ 5.7

26.0+ 4.2 32.5% 6.4 30.0+ 4.2 32.5% 3.5

(o -}

significantly greater than Group 2 (p <.01)

not included in statistical analysis
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3 at 10, 20, and 40 min were signifiéantly.greater than those of
group 2

All three groups showed a significant increase in serum LH concent-
ration after LHRH administration (groups 1 & 3 p <;01; group 2 p <.05j.
However, the increase was first evident in group 1 at the end of the
LHRH infusion period. TheJLH response was minimal in the case of group

2 with a significant increase only being apparent at the 10 min interval.

Discussion

At the time of LHRH administration rats fed the DFF dief were
weighing significantly less than the basal diet group and weré showing
evidence of anoestrus.

In anbes;rous_réts the increase in serum LH in response to a rapid
injection of 50ng LHRH after LHRH infusion was similar in magnitude and
duration to that of the normal weight basal diet group receiving only
the rapid injection of LHRH. Although anoestrous rats not receiving
prior infusion of LHRH did show a response to a rapid injection of LHRH,
the serum LH changes were of a significantly lesser magnitude and
shorter duration.

The present results indicate that, in states of emaciation, the
pituitary gland of the female rat can synthesise LH.and is capable of ¢
discharging its pool.of LH in response to exogenous LHRH. However,
the results further indicate that a normal response occurs only after
the pituitary has been exposed to prior LHRH stimulation for at least
60 mins. The present findings, with emaciated female rats, are not
consistent with earlier reports on the serum LH response to LHRH admin-
istration in underfed male rats. Root & Duckett (1973) and Campbell
et al. (1977) have reported that, in underfed male rats, the pituitary

response to a single injection of LHRH was the same as that of fully
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fed controls. The higher doses of LHRH administered to the male rats
could account for the observed differences.
The present results, nevertheless, support the conclusion by

Campbell et al. (1977) that the reduced secretion of LH, as a résult

of res;ricted food intake, is due primarily to the deficient production
and/or secretion of endogenous LHRH. This view, in turn, is supported
by earlier reports of reduced hypothalamic content of LHRH (Piacsek &
Meites, 1967) and other releasing factors in underfed rats (Dickerman
et al., 1969; Negro-Vilar et al., 1971). The finding, in the present
study, of an augmented LH response following slow infusidn of LHRH
suggests a partial pituitary dysfunction as a consequence of reduced
LHRH secretion. That is, the results suggest that the responsiveness
of the pituitary is influenced by the priming effects of LHRH; a com-
plete pituitary response to LHRH occurring only after a period during
which LHRH sensitizes the pituitary to itself. Previous reseérchers:
came to similar conclusions following prolonged LHRH treatment of
anorexia nervosa pat}ents during the acute phase  (Nillius & Wide, 1977).

It is known that gonadal steroids can modulate the gonadotrophin

response of the pituitéry to LHRH (Schaliy et al., 1972). However, it
would appear that LHRH was capable of exerting a priming effect on the
_pituitary and inducing LH release in fgmale rats whose gonadal steroid
levels were, in all likelihood, greatly reduced. InvExperiment 3 it
was found that, after 2 weeks feeding on 5g DFF diet, rats had ovaries
and uteri that were small and atrophié ana thére was no visible evid-
ence of follicular development. It is unlikely that the atropic ovar-
ies would have responded, during the experimental period, to gqﬁado—
trophin stimulation,'initiated by LHRH infusion, given the brief period

of time between the start of infusion and the rapid injection of LHRH,
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Experiment 8

It has been shown that a single dose of oestradiol benzoate (OB)
induces ovulation in immature female rats (Ying, Fang & Greep, 1971;
Ying § Greep,‘1971a'& b). For example, Ying § Greep (1971a & b) found
that ovulation occurred in 75-80% of 33 day old female.rats given a
single injection of .25 or .5ug of oestradiol benzoate at 30 days of
age. The ovﬁlatioh that occurred approximately 72 hrs pqst—OB inject-
~ion was associated with an endogenous LH surge which occurred approx-
imately 54-56 hrs following OB administration. Oestrogen administration
has also beén shown to accelerate vaginal cornification and advance
ovulation by about 24 hrs in 5 day cyclic rats receiving 50ug of OB
on dioestrus-2 (Everett, 1948).

The presumed mechanism of actipn of OB in inducing ovulation in
immature rats, or advancing ovulation in cyclic rats, is as follows:
The exogenous oestrogen exerts a positive feedback effect at the level
of the hypothalamus resulting in LHRH release, an endogenous LH surge
and eventual ovulaﬁion (Baird et ai., 1975; Goodman, 1978a § b). It
‘has also been demonstrated that oestrogen exerts a direct effect on LH
release by enhancing the sensitivify of the pituitary to LHRH (Aiyer et
al., 1974; Arimura & Schally, 1971).

It thisvexperiment OB was administered to anoestrous rats after
3 weeks feeding on Sg DFF diet in order to determine whether they would
show a similar response pattern to prepubertal female rats. The aim
of the study was to test the functional capacity of the hypothalamic-
pituitary axis‘to respond to the positive feedback action of exogenous
oestrogen. A surge of LH and/or ovulation would indicate fhat oest-
rogen héd exerted a positiye feedback effect and would provide evidence
of a functional hypothalamic-pituitary axis during nutritionallyvinduced

anoestrus.
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Method

After 10 days of adaptation to eating the basal diet from feeding
jars 35 female rats of similar weight and with regular 4 day oestrous
cycles were fed 5g DFF diet per day for a period of 21 days. Body
weight, food consumption and vagiﬁal smears were monitored daily. On
day 20 the rats were allocated to one of seven groups {n=5 each) so that
mean body weight of each group was approximately equal.

At 0800h on day 21 thirty rats received a subcutaneous injection
of .1ml olive oil containing 2ug of oestradiol benzoate and the remain-
ing group received an injection of .1ml olive oil containing only ethyl
alcohol. The latter group served as a control for the 56hr OB group
{see Chapter 3 for details about preparation of injections).

Five rats were sacrificed immediately after receiving the OB injgct—
ion (Ohr group). This group served as a control for all other OB groups.'

The remaining rats were sacrificed at the following intervals after OB

administration.
Day 22 0800h -  24hr group
2000h -  36hr group
Day 23 0800h -  48hr group
1600h -  56hr group
1600h -  56hr oil control group
Day 24 0800h -  72hr group.

All rats continued to receive 5g DFF diet daily until the day of
autopsy. In all cases organ weights were recorded, serum and pituitary

LH was determined, ovaries and oviducts were examined.
Results

Body and organ weights: The changes in body and organ weights are

summarized in Table 29. There were no significant differences between



Table 29

EFFECTS OF 2ug OESTRADIOL BENZOATE ON ORGAN WEIGHTS AFTER

21 DAYS FEEDING ON DFF DIET

Group:
. Mean organ weight +SD
Time .
elapsed
since Mean = Pituitary Ovaries Uterus Adrenals
OB injec- ~No- final BW : :
tion of . BW+SD Change Absolute Absolute Absolute Absolute
(hrs)  rats ) O) C (mg) /100gBW (mg) /100gBN ' (mg) /100gBN (mg) /100gBW
24 5 163.2+£10.6 -33.9 9.1+ .98 5.6 .54 47.2¢ 9.5 28.9%6.2 266.2+31. 164.4+28.4 50.2£2.3 30.9+2.4
36 5 161.4+13.6 -36.1° 9.3t .49 5.8+ .32 45.6% 8.4 28.6+7.2 285.6%65. 180.1+55.6 ~50.8+3.2 31.7¢+4.3
48 5 162.2:10.7  -33.6 9.6:1.4 5.9+ .82 36.2t 6.6 22.5:4.8 - 273.8+38. 169.9£30.7 50.3:2.6 31.2+3.0
56 5 160.8+ 8.6 -37.1 10.7+ .62 6.7t .73 43.3+10.0 27.1+6.6 290.2+£23. 181.4%23.5 51.1#2.5 31.8+2.3
72 5 156.0¢ 6.0  -36.4 10.2¢ .73 6.5+ .30 40.7¢ 5.9 26.0£2.9 284.8:39. 182.7£¢25.1 50.7+2.3 32.6£2.2
Controls o . a c £ '
0 5 167.4+12.1 -34.2 8.2+ .76 4.9+ .79 42.5% 4.0 25.5+3.3 172.3+£43. 102.4+21.6° 51.1%2.9 30.6+2.7
0il control ’ . b d . » ' £
at 56hrs 5 163.2+ 8.9 -34.9 7.8+ .79 4.8+ .57 46.8% 6.5 - 28.8+4.5 161.1+27. 99.2+18.9° 50.4%1.5 31.0+2.6
significantly lower than 56hr (p <.01) and 72hr groups (p <.05)
significantly lower than 48hr (p <.05), 56hr and 72hr groups (p <.01)
significantly lower than 36hr, 48hr (p <.05), 56hr and 72hr groups (p <.01)
significantly lower than 56hr and 72hr groups (p <.01)}
significantly lower than all other OB injected groups (p <.01)
significantly lower than 24hr, 48hr (p <.05), 36hr, 56hr and 72hr groups (p <.01)

HO QO o

LYT
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any of the groups with regard to final body weight. The mean pituitary
weights, both in absolute terms and relative to body weight, of the Ohr
and oil control groups were significantly lower fhan those of the 56hr
and 72hr groups. Other'significant differences between the pituitary
weight of the control groups and the OB injected groups are summarized
in Table 29. Uterine weights of OB injected rats were significantly
increased at 24hrs and remained so up to 7Zhrs.

Serum and pituitary LH levels: The serum LH concentrations of both

the OB injected groups and the control groups remained at undetectable
levels (<8ng/ml) at all sampling intervals.
The pituitary LH content and concentration of the OB injected

and control groups are shown in Table 30.

Table 30

Pituitary LH levels at various intervals after injection

of an<OB following 21 days feeding on DFF diet

Group: Time s +
elapsed Mean pituitary LH+SD
since No.
OB injection - of Content Concentration
(hours) rats (ng) (ug/mg wet wt)
24 5 112.4+19.8 12.3%1.3
36 5 105.2%21.0 11.3+1.8
48 5 98.6+26.6 10.2+1.5
56 S 90.0%£25.0 9.4+2.0
72 5 102,8%28.7 10.02.2
Ohr control 5 94.2+22.1 11.4%1.8
0il control 5 88.8+£21.8 11.2+1.8

Analysis of variance revealed no significant difference bet-
ween any of the groups with regard to pituitary LH content or concent-
ration (p >.05).

Ovarian appearance No ovarian follicles, meeting the size criterion,
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were observed in any of the groups. The changes in the number of sur-
face corpora lutea exceeding .7mm in diameter are summarized in Table

31.

Table 31

The numbers of surface corpora lutea at various
intervals after injection of 2ug OB following

21 days feeding on DFF diet

Group: No. . Mean number of corpora
Time elapsed since of lutea exceeding .7mm in
OB injection(hours)’ rats ‘ diameter *SD
24 5 5.8+ .84
36 5 5.2+1.3
48 5 4.8*%1.3
56 5 3.8+ .84
72 5 3.4%1.7
Ohr control 5 8.0+1.6%
0il control at 56hrs 5 8.2+1.3%

a significantly greater than 36hr group (p <.05) and 48, 56 § 72
hr groups (p <.01)

The Ohr and oil control groups had significantly more surface

corpora lutea than any of the other OB injected groups.

Examination of the oviducts at the ampullary-isthmus junction failed
to reveal the preseﬁce of tubal ova in any of the groups.

Vaginal smear patterns: Vaginal smears taken just before OB administ-

ration were of the dioestrous smear type, with leucocytes predominating.
At 24hr after OB injections: all rats continued to display a dioest-
rous type smear pattern. At 48hr after OB injection: 14 of the rem-
aining 15 rats had vaginal smears in which parabasal cells predominated.
Few if any leucocytes were present and 7 rats had smears showing the

""cobblestone' appearance of pro-oestrus. One of the OB injected rats
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and all oil control group rats had dioestrous type smear patterns.
At.72hr after OB injection: all of the surviving rats had smears in
which cornified cells were predominant. Some of the cells were anuc-
leated whereas 6thers were of the superficial epithelial type with ves-
icular nuclei. The overall smear pattern, although showing signs of

epithelial proliferation, was not typical of the oestrous-type smear.
Discussion

Administration of 2ug OB to anoestrous rats did not result in
ovulation that has been observed in similarly treated immature, female
rats. No increase in serum LH nor significant changes in pituitary LH
content and concentration were observed at any of the sampling intervals.
These findings indicate a failure of this dose of OB to.induce an endog-
enous LH surge in nutritionally induced anoestrous rats.

It is ﬁnlikely that an LH increment occurred at times other than
when sampled since the ovarian data are not consistent with gonadotro-
phin stimulation. Contrary to the findings of Ying, Fang § Greep
(1971) who reported increased ovarian weight in immature rats at 48hrs,
the ovaries of the OB injected rats in this study showed no significant
increase in weight and there was no evidence of folliculér development.
Consistent with the findings of Ying, Fang & Greep (1971) there was a
significant increase in uterine weight. In the absence of other evid-
ence of endogenous gonadotrophin stimulation the increase in uterine
weight is presumably caused by the direct action of the administered OB.

The finding of increased pituitary weights in OB—tfeated rats was
not an unexpected finding. Flerko § Bardos (1960) demoﬁstrated an
increase in pituitary weight in female rats following treatment with
oestradiol. Similar pituitary hypertrophy was observed after uninhib-

ited oestrogen secretion following lesions of the ventral anterior
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hypothalamus (Fierko & Bardos, 1960). In the present study pituitary
hypertrophy was not accompanied by an increase in the pituitary LH
content or concentration. |

The decrease in the number ofllarge corpora lutea in the OB-treated
.rats suggests that oestrogen is capable of accelerating luteai reg-
ression,

In conclusion, the present findings indicate that oestrogen admin-
istration failed to produce a positive feedback release of LH in emac-
iated, anoestrous rats. The present findings, taken together with those
of Experiment 7, suggest that the site of dysfunction in anoestrous
rats lies within the hypothalamus. Since it has been demonstrated that
the LHRH-primed pituitary is capable of responding to further LHRH
stimulation the evidence points to the failure of the hypothalamus to

respond to the positive feedback effects of oestrogen.

Experiment 9

The previous experiment demonstrated a failure of the positive
feedback effects of oestrogen in emaciated rats which suggested impair-
ment of hypothalamic function. The functional capacity of the other
components of the HPO axis have not yet been established. This could
be achieved by using the gonadotrophin test. - |

It has been demonstrated that the administration of pregnant
mares serum gonadotrophin (PMS) induces ovulétion in immature rats
(Longenecker & Gallo, 1971; Ying § Meyef, 1969; Zarrow & Brown-Grant,
1964 ; ZarrOWQE Quinﬁ, 1963) . vFurthermére, Reiter et al. (1969) dem-
onstrated that PMS, administered to immature rats, induced the releaée
of endogenous LH 54hr after the injection, which was followed 12 to 15
hours later by. ovulation.

The mechanism of action of PMS is presumed to be as follows:
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The gonadotrophins act by sfimulating the ovaries directly, promoting
follicular development and oestrogen produetion. As the oestrogen
level increases it exerts a positive feedback effect on the hypothal-
amus triggering the secretion of LHRH, followed by the LH surge and
sﬁbsequent ovulation (Ying § Greep, 1971b).

The specific aims of this study were to investigate the.changes
in organ weights and ovarian appearance and to determine whether ovul-
ation oécurred at intervals 65, 72 and 89 hours after PMS admiﬁistrat—
ion. No attempt was made to detect the anticipated serum LH surge at
54-58 hrs after injection since the PMS used in this study was known

to interfere with the LH measurement.
Method

After 10 days adaptation to eating the basal diet from feeding jars
20 female rats of similar weight and with regular 4 day oestrous cyc-
les were fed 5g DFF diet daily for a period of 21’days. On day 20 the
rats were allocated to one of four groups (n=5 each) so that the mean
body weight of each group was approximately equal.

At 1600h on day 21 three gréups of rats received a subcutaneous
injection of .1ml saline containing 20IU PMS of proven biological act-
ivity. The remaining 5 rats served as the saline control group, rec-
eiving a subcutaneous injection of saline. All groups continued to
receiveVSg DFF diet daily until the day of autopsy. Gréups of rats

were sacrificed and autopsied at the following intervals after PMS

administration:
Day 24 0900h - 65hr group
0900h - 65hr saline control group
1600h - 7Zhr group
Day 25 0900h - 89hr group.

Throughout the experiment body weight, food consumption and
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vaginal smears,were monitored daily. At autopsy organ weights were
measured and the ovaries and oviducts were examined.

Results

Body and organ weights: The changes in body and organ weights are sum-

marized in Table 32. The mean pituitary, ovarian and uterine weights,
Both in absolute terms and relative to body weight, of the PMS injected
groups were significantly greater than thése of the saline group. The

mean ovarian weiéﬁt of the group autopsied 65hr after PMS administrat-

ion was significantly greater than those of the 72hr and 8%hr groups.

Ovarian appearance: The mean numbers of corpora lutea and ovarian fol-

licles counted on the surface of the ovaries are summarized in Table
33. Analysis of variance revealed no significant difference between
any of the PMS injected groups and the saline control group with regard
to the numbers of surface corpora lutea.

The saline control group, which had no follicles exceeding the size
criterion, were excluded from the statistical analysis. No significant
difference was found:between the 3 PMS—treated groupg with regard to
number of follicles. The ovaries of the PMS-treated groups were poly-
follicular but microscopic examination of the surface revealed no

recently ruptured follicles in all except one ovary.

Examination of the oviducts at the ampullary-isthmus junction revealed
the presence of ova in only one rat in thé 65hr group. In this case
ovulation was unilateral and 8 ova were present in the oviduct. There
was no evidence of ovulation in the other PMS treated groups or the
saline control.

Vaginal smear patterns: Vaginal smears taken just before PMS administ-

ration were of the dioestrous smear type in keeping with the anoestrus

of at least one week's standing. The saline control group continued to



Table 32 .
EFFECTS OF 20IU PMS ON ORGAN WEIGHTS AFTER 21 DAYS FEEDING ON DFF DIET

Mean organ weight *SD

Time i

elapsed Mean Mean Pituitary Ovaries Uterus Adrenals

since PMS No. initial final BW :

injection of BW+SD BW+SD Change Absolute Absolute Absolute Absolute

(hours) rats (g) (g) ) (%) - (mg) /100gBW (mg) /100gBW (mg) /100gBW (mg) /100gBW

65 5 248.89.9 165.0+4.6 -33.7 10.5%1.0 6.4+ .56 79.4%2.4 48.2+2.7 354.5232.0  214.716.2 ' 50.442.7 30.5+0.84
72 5 251.246.3 162.4%2.1 -35.4 10.3+ .87 6.3 .51 73.3:3.4  45.122.5 363.4%25.5 223.7+14.3 - 50.3%2.6 31.0%1.4
89 5 252.2+7.8 158.8+3.9 -37.0 9.9+ .37 6.3+ .24 71.7¢1.6%  45.2¢1.2 344.9422.2 . 217.3:14.8 50.4£2.0 31.8x1.6

Saline ’ ) ’ ' '

control

at 65 L a b b b b b

hrs © 5 251.0%4.0 160.6+1.7 -36.0 7.9%1.0 4.9+ .60 34.2+3.2 21.3#1.8 147.5%19.3 91.8%11.3 49.4%2.5 30.8%1.5

significantly lighter than 65, 72hr (p <.01) and 8%hr group (p <.01)
significantly lighter than all other groups (p <.01)

significantly lighter than 65hr group (p <.05)

significantly lighter than 65hr group (p <.01)

(=S e~ ]
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display a dioestrous type smear pattern until autopsy at 65hrs.

Table 33

Effects of 20IU PMS on the numbers of surface cbrpora

lutea and ovarian follicles

Mean number * SD

Time
elapsed since No. Corpora lutea Ovarian follicles
PMS injection of exceeding .7mm exceeding ,5mm in
(hours) rats : in diameter diameter
65 5 11.2+1.6 | 17.2%3.9
72 5 9.4+1.1 16.8%+2.6
89 5 - 10.8%1.9 18.2£1.9

Saline control ’ _
at 65hr 5 9.4+ 89 0

At 24hr after PMS injection: all groups weie still showing evidence
of a dioestrous pattern.

At 48hr after PMS injection: leucocytés were still predominant but
there were an increased number of epithelial cells.

At 65-72hr after PMS injection: 13 out of 15 rats had smears containihg
a mixture of parabaéal and superficial cells. Only 2 rats had smears
reminiséent of an oestrous-type smear; sheets of cornified cells on a
clean background. The one ovulating rat had a smear pattern of this
type.

At 89hr after PMS injection: 3 out of 5 rats had oestrous—tyﬁe smears,
whereas 2 rats had smeafs containing approximately equal numbers of

parabasal and cornified cells.
Discussion

Although the ovaries of PMS-treated groups showed evidence of
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gonadotrophin stimulation the majority of PMS treated rats failed to
ovulate. The significant increase in uterine weight indicates that
gonadal steroids were secreted in response to gonadotrophin stimulat-
ion. Therefore the failure of the majority of rats to ovulate was due
either to oestrogen production of insufficient quantity to exert a
positive feedback effect or a failure on the part of the hypothal-
amus to respond to the positive feedback action of oestrogen.

Although not conclusive the evidence points to adequate secret-
ion of oestrogen. Firstly, there were numerous'large ovarian follicles
of normal appearance;_ It is likely that such follicular proliferation
was associated with gonadal steroid production. Secondly there was. a
marked inc?easé in uterine weight, to the extent that the absolute
weight was more than twice that of the saline control. vThirdly, an
increase in pituitary weight, similar to that found followihg administ-
ration of 2ug OB was observed. These findings do not support the hypo-
thesis of ovarian refractoriness in states of emaciation (Marshall §

. Frazer, 1971).

The present findings provide further support for the proposit-
ion that the hypothalamus is unresponsive to the stimulatory feedback
effects of gonadal steroids during states of emaciation. It is pre-
sumed to be a functional disturbance since previous studies have rev-
ealed that rats readily resumed oestrous cycling when normal eating

patterns were reestablished.

Experiment 10

The previous experiment demonstrated a failure by PMS to induce
ovulation in emaciated, anoestrous rats. The aim of this study was to
determine whether ovulation could be induced, by means of PMS administ-

ration, during nutritional rehabilitation but at a time when the rats
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were still well below the body weight normally associated with spont-
aneous ovulation. For this purpose a group of rats fed a DFF diet for
21 days and then fed 18g basal diet daily thereaftef (gradual rehabil-
itation) was employed. In an earlier experiment it was found that rats
on gradual rehabilitation regimen first showed signs of ovulation |
approximately 12 days after the start of rehabilitation. In this éxp~'
eriment PMS was administered and rats were autopsied at first oestrus
between the fifth and seventh day of gradual rehabilitation. |

A sccond aim of this study was to determine-whether provision of
a high calorie diet, in quantities not sufficient to support signific-
ant weight gain, would effect the responsiveness of the HPO axis to PMS
prbvocation. For this purpose low weight maintenance groups, receiving
only 10g basal diet per day were employed. In an earlier experiment it
was found that rats fed this quantity of food showed negligible weight
gain and remained anoestrous for the period of feeding on this regimen.

It was reasoned that when using rats on ''gradual rehabilitation"
and "1ow.weight maintenance' regimens one is presumably dealing with an
‘endocrine system.which is relatively dormant, in contrast to one which
is begiﬁning to resume the dyﬁamic hormonal interplay of thevfully
rehabilitated animal. In this way it was hoped to test the responsive-
ness of the HPO axis to PMS provocation in the absence of the confound-

ing influence of endogenous hormone levels.
Method

After 10 days of adaptation to eéting the basal diet from feeding
jars 15 female rats, of similar weight and with regular 4 day cycles,
were fed 5 DFF diet daily for a period of 21 days. On day 20 the
réts'were allocated to one of three’grbups (n¥5 each) so that the mean

body weight of each group was approximately equal. From day 21 the
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rats in Group 1 were given 18g of basal diet per day (gradual rehabil-
itation), while rats in Groups-2 and 3 were given 10g of basal.diet per
day (low weight maintenance). At various intervals after the start

of the new feeding regimen each group received a subcutaneous inject-
ion of .1ml saline containing 20 IU PMS. 1In this study rats were aut-
opsied at the first signs of oestrus. PMS was administered at 1600h at
the following intervals after the start of the new dietary regimens on

day 21 (day 1 of new regimens):

-Group 1 (gradual rehabilitation): day 4
Group 2 (low weight maintenance): day 5
Group 3 (low weight maintenance): day 9

Throughout the experiment body weight, food consumption and vag-
inal smears were monitored daily. At autopsy organ weights were meas-

ured and the ovaries and oviducts were examined.
Results

Body and organ weights: The changes in body and organ weights are sum-

marized in Table 34. The mean final body weight of the gradual rehab-
ilitation group (1) was significantly greater than those of the low
weight maintenance groups (2 and 3). The mean absolute pituitary
weight of group 1 was significantly greater'than those of groups 2 and
3. However when expressed in terms relative to body weight there were
no significant differences between the three groups with regard to pit-
‘uitary weight. |

The.meah absolute ovarian weight of éroup 1 was éignificantly
greater than that of group 3. However, when ovarian weight was exp-
ressed .in terms relative to body weight the findings were reversed.
That is, the relative ovarian weight of groups 2 and 3 were signific-

antly greater than that of group 1. There was no significant
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Table 34

' EFFECTS OF 20IU PMS ON ORGAN WEIGHTS AT VARIOUS INTERVALS DURING GRADUAL

REHABILITATION AND LOW WEIGHT MAINTENANCE

—

Mean organ weight SD

Dietary Mean Mean Pituitary
regimen: No. | initial final BW :

Ovaries

Uterus

Adrenals

day of of BW+SD BWxSD Change Absolute Absolute
PMS admin. rats €3] (2) *) (mg) /100gBW (mg)

/100gBW

Absolute
(mg) /100gBW

Absolute

(mg)

/100gBW

Group 1 -
18g Basal diet:

PMS ‘on day 4 5 252.4%5.4 213.6¢7.8%  -15.4 11.62 .60% 5.4t .31 82.3+3.8°

Group 2

10g Basal diet: .
PMg on day 5 S 251.8%5.5 174.2+4.3 "~30.8 10.3x .53 5.9+ .32 76.8+5.9

R

Group 3

10g Basal diet:
PM% on day 9 S 252.2%5.4 174.6+4.7 -30.7 10.0% .33 5.7+ .28 74.7+2.4

38.612.4

44.0£2.6

42.8+1.4

442.4+62.4 208.1+35.9

395.0£46.5 226,5x23.0

384.0£26.6 220.2%18.7

51.6+2.3

53.3£2.7

53.6£2.8

24.241.59

30.6%1.4

significantly greater than groups 2 and 3 (p ~<.01)
significantly greater than group 3 (p <.05)

significantly lower than group 2 (p <.01) and group 3 (p <.05)
significantly lower than groups 2 and 3 (p <.01)

6ST
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difference between the 3 groups witH'regard to absolute adrenal gland
weight. However, when expressed in terms relative to body weight the
mean adrenal gland weight of group 1 was significantly lower than those
of groups 2 and 3. It appears that little significance can be attached
to this finding because of the greater body weight gain of group 1 since
the end of the DFF diet period.

Ovarian appearance: The mean numbers.of corpora lutea and ovarian fol-

licles counted on the surface of the ovaries are shown in Table 35.
Analysis of variénce rgvealed no significant difference between thg 3
groups with regard to the number of surface corpora lutea and surface
follicles.

Vaginal smear patterns and evidence of ovulation: The main focus of

interest in this experiment was on the occurrence of ovulation. The
proportion of rats ovulating and the meén number of ova per ovulating
rat is summarized in Table 35. A Chi square test revealed no signif-
icant difference between the 3 groups with regard to the frequency of
ovulation (x%2(2)=1.2, p> .05). Analysis of variance revealed that the
mean number of ova per ovulating rat of thé gradual rehabilitation
group was significantly greater than that of the low weight mainten-

' ance groups.

Group 1 (gradual rehabilitation): Twé rats in this group had an oestr-
ous-type smear pattérn and showed evidence of bilateral ovulation 65
hrs after PMS administration. Another rat had an oestrous type smear
at 65hrs but no ovulation was dete;ted. Of the remaining rats one
showed an oestrous type smear and bilateral ovulation at 4lhrs and the
other showed an oestrous type smear and bilateral ovulation 89%hrs after
PMS administration.

Group 2 (Low weight maintenance: PMS on day 5): All rats in this

group had an oestrous smear pattern for the first time 65hrs after the
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Table 35

Effects of 20 IU PMS on surface appearance of ovaries and
ovulation-at various intervals during gradual rehabilitation

and low weight maintenance

Ovaries Oviducts

Mean number *SD

Corpora ' Mean

Dietary lutea Follicles Pro- No.of
regimen: No. BW exceeding exceeding portion ova per

day of of change .7mm in .5mm in ovul- ovulating
PMS admin rats (%) diameter diameter ating rat SD
Group 1:
18g basal
diet:PMS
on day 4 5 -15.4 12.4#1.3 2.2+2.6 . 4/5 10.3+2.6%
Group 2:
10g basal
diet:PMS
on day 5 5 -30.8 10.0+1.6 5.2+3.7 3/5 5.021.0
Group 3: o
10g basal
diet:PMS
onday 9 . 5 -30.7 10.4%3.6 4.,2+£2.2 4/5 . 4.32.3

a significantly greater than groups 2 and 3 (p <.05)

PMS injection. However, only 3 of the 5 rats had ovulated.

Group 3 (Low weight mdintenance: PMS on day 9): All rats in this group
first had an oestrous typeé smear pattern 65hrs after PMS administration.
Four of the 5 rats ovulated and in only one case was the ovulation bi-

lateral.
Discussion

The present findings indicate that ovulation can be induced by
PMS administration in rats whose body weight is well below that nor-
mally associated with spontaneous ovulation. The majority of rats in

the gradual rehabilitation group ovulated in response to PMS injection
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at a time when they were still, on average, 14.8% below their mean
initial body weight.

Furthermore, the present results indicate that significant weight
gain was not the importaht factor in re-establishing HPO responsiveness.
The méjority of rats on the low weight maintenance regimen ovulated in,
response to PMS provocation. The ovulating rats in group 2 were still,‘
on average, 30.4% below their initial body weight which.was close to
_their iowest weight on the DFF diet (-33.1%). The ovulating rats in
group 3, which were autopsied 12 days after the étart of the daily 10g
basal diet regimen, were, on average, 31.2% below their initial quy |
weight after having reached a low of -33.2% during the DFF diet period.

The incidence of ovulation in response to PMS injection was con-
sistant with the repdrted findings of 80-100% ovulation in prepubertal
rats (Longenecker & Gallo, 1971; Reiter et al., 1969). However, in all
groups the mean number of ova per ovﬁlating rat did not match the super-
ovulation reported by Reiter et al. (1969). The significantly smaller
number of ova per ovulating rat in the léw wéight maintenance .groups
suggests that either the smaller quantify of available food or the ext-
ended period of low weight interfered with the maturation of the ovar-
ian follicles.

The finding of ovulation in the majority of low weight maintenance
rats indicates that the ovulation in the gradual rehabilitatioﬁ group
was not a weight dependent phenomenon. Rather, it would appéar that the
introduction of limited quantities of a basal diet with a relatively
high calofie component was sufficienf to cause a change in the respons-
iveness‘of the HPO axis to PMS stimulatioh. Howland (1972) reported
that rats on a 50% reduction of food intake with ad libitum access to
glucose powder had plasma LH levels, Body and organ weights that were‘

similar to those of fully fed controls. This led Howland (1972) to
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suggest that calorie intake per se was an important factor in determin-
ing ovarian function in the rat by altering the activity of higher
levels of the HPO axis. ,

The present findings strongly suggest that caloric intake is an
important factor in determining HPO axis functioning. Even when the
high basal diet was pfoVided in insufficiéﬁt quantities to support sig-
nificant weight gain, it appeared to be sufficient to cause the HPO
axis to become responsive to PMS provocation; a phenomenon not observed
while rats were fed a DFF diet. It is apparent, however, that the HPO
axis does not become fully functional until weight loss is c§rrected
since spontaneous ovulation is not observed until body weight is close
to the initial body weight.

The part of the HPO axis that is sensitive to caloric deprivation
remains unknown at present. Although the effects of caloric restrict-
-ion are likely to be pervasive the results of Experiment 7‘sugéest that

it 1is. the hypothalému5~rather than the pituitary that is critically
impaired. This view is supported by the research of others (Campbell
et al., 1977; Negro-Vilar et al., 1971; Piacsek & Meites, 1967).

A hypothesis concerning the mechanisms involved in the presumed
hypothalamic dysfunction could be generated from the views of Ibrahim
& Howland (1972). They observed that starvation causes a reduction in
serum glucose concentration (Herrera §& Freinkel, 1968) and a lowering
of the blood concentration of insulin (Malaisse et al., 1967; Szepsi §
Berdanier, 1971). It is possible, as Ibrahim & Howland (1972) suggested
that the areas of thevhypothalamus responsibie for theASYnthesis and
release of LHRH require insulin for glucose transport into cells, as
has been‘démbnstrated for the satiety centre (Debons et al., 1968).

The availability of high energy food after an extended period of dep-

rivation may have resulted in an increase in both glucose and insulin
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levels and consequently resumption of cellular function in the areas of
the hypothaléﬁus critical for LHRH release. At present such an explaﬁ—‘
ation of the mechanisms underlying the presumed hypothalamic dysfunction
remains hypothetical.

Summary and conclusions

TheAresults of the series of experiments reported on in this chapter
have yielded fresh information about the relationship between caloric
deprivation and disturbances of reproductive function in the female rat.
In certain respects the results of this research served to confirm earl-
ier research findings on the effects of undernutrition on reproductive
function (Ershoff, 1952; Howland, 1971, 1972; Ibrahim § Howland, 1972;
Piacsek § Meites, 1969). In other respects new evidence concerning the
sensitivity of the reproductive system to changes in the caloric compon-
ent of the diet has been presented. This was the first systematic in-
vestigation of the role of caloric deprivation in the induction of
anoestrus and of nutritional rehabilitation in the same strain of rat.

The first significant finding was that the mechanisms involved in
the regulation of the oestrous cycle of Long-Evans rats proved to be
resistant to relatively severe caloric restriction. It was only after
the complete removal of both the carbohydrate and fat components of the
~ diet that cessation of oestrous cycling was observed in all animals.

The extent of food restriction required to induce anoestrus was greater
than predicted from previous research reports (Meites & Reed, 1949;
Piacsek § Meites, 1967; Srebnik § Nelson, 1963).

After 21 days feeding on a DFF diet éerum LH concentration and
pituitary LH content and concentration were markedly reduced and target
organs were small and atrophic. These changes, however, did not occur
rapidly. It was only after 7 days that significant reductions were ob-

served. These findings are not consistent with the observation by
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Howland § Skinner (1973) that serum LH levels dropped significantly
within 24hrs of food deprivation. '

A second notable observation was that the nutritionally induced
anoestrus was readily reversible. Rats subjected to severe caloric
restriction for 21 days'and no stress, other than that associated with
food restriction, showed a return to normal ovulatory cycles within one
week of the start of full nutritionai rehabilitation. The resumption of
normal cyclical actiVity during nutritional rehabilition was found to
be dependent upon weight gain ofva certain magnitude. It would appear
that there was no lasting damage caused by the nature and duration of
the malnutrition imposed.

The findings.of the present research do not provide support for the
suggestion (Russell, 1969) that the duration of malnutrition may contrib-
ute to the delay in recovery of reproductive function following nutrit-
ional rehabilitation. Rats which were kept emaciated for an additional
7 days and then rehabilitated at a reduced pace showed normal cyclical
activity when their body weights were similar to the body weight assoc-
iated with resumption of cycling during ad libitum rehabilitation._

The results of the pharmocological studies provide direct and in-
direct support for the view that reduced gonadotrophin secretion assoc-
iated with inanition is due, not to a primafy pituitary disturbance, but
to impaired synthesis and/or release of LHRH from the hypothaiamus.
While pituitary LH content and concentration was showﬁ to be reduced in
emaciated rats the anterior pituitary gland was found to be capable of
responding to LHRH stimulation by releasing LH. This response, however,
was even gféater when the pituitary,had been exposed to prior stimul-
ation by LHRH for 60 mins. Patients in the acute phasé of anorexia
nervosa have Shown similar responses to prolonged LHRH administration

(Aono et al., 1975; Nillius & Wide, 1977). The present study, however,



166

provided the first experimental support for the suggestion that; in
states of inanition not accompanied by stress other than that associated
with underfeeding, there is impaired synthesis and/or release of hypo-
thalamic LHRH in female rats.

The OB provocation study produced further evidence suggesting a
functional disturbance pf the hypothalamus. _Convinciﬁg evidence that
the hypathalamus is the primary site at which oestrogen exerts its pos-
itive feedback effect has been presented (Goodman, 1978b). The failure
of OB to induce ovulation or elevate serum LH levels is consistent with
the‘view expressed by Wakeling et al. (1977) that the ability of the
hypothalamus to respond to the positive feedback~effects of oestrogen is
impaired during states of inanition.

The administration of PMS to ehaciated rats produced results con-
sistent with ovarian responsiveness to gonadotrophin stimulation. The
absence of ovulation in the majority of PMS treated rats was intér;
-preted as a failure ‘on the part of the hypothalamus to respond to the
stimulatory effects of oestrogen and not as a result of inadequate
oestrogen production. The overall pattern of findings was not consist-
ent with ovarian refractoriness.

The administration of PMS to rats with limited intake of a high
calorie diet, after a 21 day period of caloric restriction, produced
unexpected findings. It would appear that the dysfunctional areas,
presumably in the hypothalamus, are sensitive to the availability of
high energy food. This is seemingly inconsistent with the earlier
observation that the endocrine regulation mechanisms are resistant to
acute deprivation of dietary calories. However, as caloric restriction
became more chronic and bodily reserves were depleted the effects were
pronounced, with reduced LH secretion and anoestrus. The re-introduct-

ion of a high calorie diet had the effect of increasing the
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responsiveness of higher centres to PMS provocgtion in the absence of
significant weight gain. Although the intake of a high caloric diet
initially caused increased responsiveness to exogenous stimulation, the
reproductive system did not become fully functional until the fats had
attained a body weight capable of supporting viable gestation. This
finding is consistent with the view that body weight is a cruéial det-
erminant of phasic contrql of génadotrophin secretion in normal cyclical

activity.



ChaEter 5

THE EFFECTS OF PSYCHOLOGICAL FACTORS ON

REPRODUCTION AND ENDOCRINE FUNCTION

In earlier chapters the notion that psychological factors may be
implicated in disturbances of reproductive function was introduced.
Clinical studies with humans seem to provide the most pressing evidence
that emotional factdrs exert an influence on reproductive function under V
certain éirCumstanceé. The influence of environmental factors, such as
light, temperature, sound etc., .on the reproductive system of lower
animals is well documented (Bohanan, 1939; Piacsek § Hautzinger, 1974;
Zondek & Tamari, 1960). However, the effect of emotional factors on
reproductive functioning in lower animals has not been investigated
fﬁlly. In both the clinical and animal studies there is a notable lack
of agreement about the patterns of gonadotrophin and gonadal steroid
secretion that are assoéiated with stafes‘of emotional arousal or dis-
turbance.

The effects of psychic trauma or emotional
stress on the menstrual cycle

The relationship between psychological disturbance and menstrual
aberrations has been'recognised for many years (Balint, 1937). The
menstrual irregularities associated with emotional disturbance include
oligomenorrhoea and secondary amenorrhoea. It is the latter coﬁdition
which will réceiVe the greatest attention in this review. In the
review little attention will be devoted to the literature dealing with
tHe investigation of the higher pathways and mechanisms by which psy-
chological factors influence reproductive fuﬁction in humans. This
important work hasbbeen reviewed by Rakoff (1968) and Ihalainen (1975).

Klinéfelter etral. (1943) were the first to coin the term ""hypo-

thalamic amenorrhoea'" to refer to those instances when the patient had
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no organic disorder but refractory amenorrhoea, presumably of psycho-
genic origin. These investigators reported finding normal gonadotrophin
levels together with evidence of oestrogen deficiency. Klinefelter et
al. (1943) suggested that psychological factors exert their effeet by
blocking the normal release of LH resuiting in an inadequate response

by the ovaries to FSH. They hypothesized that the failﬁre of LH release
was the result of psychological factors acting at the level of the hypo-
thalamus.

Rakoff (1968) presented 6 categories into which clinical observ-
ations linking psychogenic factors and disorders of menstruation could
be grouped. Russell (1972a), however, proposed that the méin sources
of clinical observation could be classified into "studies in time of
war" end "studies in time of peace'.

Studies in time of war: The investigation of the war amenorrhoeas marks

the start of scientific interest in the role of emotional factors in
secondary amenorrhoea (Ilhalainen, 1975). The studies of war amenorrheea'
do not:provide direct evidence of psychegehic causation since the stress
of internment or siege seldom occurred in the absence of nutritional
deprivation and it was seldom possible to essess the subject's mental or
endocrine status except for simple clinical observations (Russell,
1972b).  Nevertheless, clinical observations do suggest that psycholog-
ical factors were prominent in a significant number of cases. Mazer §
Israel (1959) reported that 50% of women in concentration camps devel-
oped amenorrhoea which persisted throughout their detention. Although
underhutrition was undoubtedly an important factor the amenorrhoea was
present in a large number of women long before undernourishment became
evident (deNeef, 1965). The study of Sydenham (1946) of internees
revealed that menstruation ceased in 60% of women before any weight

loss was apparent. Her study does suggest, however, that both
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nutritional and psychological factors were operatihg;'with the psychol-
ogical component presﬁmably playing an important role in the,qnset of
the amenorrhoea and nutritional factors in perpetuating the menstrual
disordér. Bass (1947) reported that the threat of extermination of
concentration camp victims was associated with a much higher incidence
of amenorrhoea than was found amongst concentration camp internees who
had less reason to fear for their lives.

Other studies suggesting a psychogenic causation in some cases of
war amenorrhoea are those of women exposed to bombing raids (Loeser,
1943; Whiteacre § Barrera, 1944). Loeser (1943) described a study of 4
women who suddenly develdped amenorrhoea following exposure to bombing.
iaids. Histological dating of endometrial arrest by an independent
histopathologiét correspondedeith the very day of the cycle on which

each patient had been exposed to shock.

Studies in time of peace: Clinical observations suggesting a relation-

ship between psychological factors and disorders of menstruation in-.
'clude aberrations occurring immediately after ''psychic trauma', the
high incidence of menstrual dysfunction in young girls with long stand-
ing emotional problems, as well as in neurotic and psychotié women
(Gregory, 1957; Rakoff, 1968; Russell, 1972b} |

A number of reports suggest that relativély minor ‘'emotional up-
heavals such as leaving home and going to strange environments can caﬁse
amenorrhoea (Drillien, 1946; Drew § Stiftel, 1968; McCormick, 1975;
Winter, 1946). Jeffcoate (1965) claimed that psychogenic factors ére
the most common causes of secondary amenorrhoeavand that amenorrhoea
occurred in 50% of young girls living an institutional life.

While many clinicians argue that psychogenic amenorrhoeas are the
most common variety the pathogenesis of this disorder is not fully

understood. It is not known, for example, why some women develop
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amenorrhoea and others not, when placed in the same situation or exposed
to the same upheaval. Presumably these differences are due to the fact
that some women are more psychologically predisposed to being upset or
have a menstrual cycle that is mdre readily disrupted by emotional
arousal.

The absence of consistent hormonal patterns associated‘with the psy-
chogenic amenorrhoeas has not contributed to an understanding of this
disorder. Russell (1972b) observed that ''there have been no detailed
and reliable stﬁdies of the urinary output of gonadotrophins in amenor-
rhoea of emotional origin'' (p.12). In a_review of the literature Rakoff
(1968) observed that three patterns of urinary‘gonadotrOPhin excretion
had been reported in women with psychogehic_amenofrhoea; decreased, nor-
mal and increased titres of urinary gonadotrophin. Rakoff and his co-
workers had found all three patterns of urinary gonadotrophins in their
saﬁples of amenorrhoeic women (Rakoff, 1968).

The manner in which psychoiogical factors exert an effect on re-
productive function by altering gonadotrophin secretion is still open
to speculation. The suggestion by Klinefelter et al. (1943) that psy-
chological stimuli, acting at the level of the hypothalamus, block the
release of LH remains.an appealing but unsubstantiated hypothesis.
Others have.invoked Selye's ''shift théofy". Igarashi et al. (1965), for
example, suggested that emotional stress induced hypersecretion of cort-
icotrophin releasing factof at the expense of secretion of FSH and LH-
releasing factors at the hypothalamic level, resulting in hyposecretion
of FSH and LH at the pituitary level. They proposed that the amenor-
rhoeavis the result of reduced sécretion of gonadotrophins. from the
pituitary and suggested that their results provided supportive evidénce
~ for Selye's "shift theory'; that is, that stress increased ACTH secret-

ion from the pituitary at the expense of gonadotrophin secretion (Selye,
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>1946, 1950). However, the finding of normal or increased gonadotrophin
excretion in some women with psychogenic amenorrhoea and increaséd LH
secretion in stressed rats (Morishige & Rothchild, 1974) does not pro-
vide support for this theory.

Anatomical considerations have led most investigators to propose
the hypothalamus as the site at which psychological factoré exért a
disrupfive effect on the.reproductive cycle; As Bajusz (1967) observed,
the hypothalamus is a nodal point in a vast neural pathway extending
from the medial wall of the cerebral hemisphere to the lower boundary
of the meséncephalon. It seems logical, he proposed, that the funct-
ional state of the hypothalamus is influenced by higher brain circuits
and especially by the prevailing activity in the limﬁic-forebrain—
midbrain complex (Bajusz, 1967). The mechanism by which stimuli eman-
ating from higher centres alter gonadotrophin secrétion is yet to be
elucidated.

Although the gonadotrophin secretion patterns associated with
stress are not well established it is clear that stress is not only
equated with the release of ACTH but also with alterations in secretion
of growth hormone, prolactin, and LH (bonovan, 1974). Some researchers,
however, have reported that serum gonadotrophin levels were unaffected
by medical stress and surgery. Geuvara {1970) reported.that there were
no changes in FSH and LH levels during myocardial infaiction. Charters
et al. (1969) found no statistically significant changes in serum FSH
and LH during the course of various types of surgery.

The effect of stress on the reproductive
physiology of the female rat

The concept of stress: is an ambiguous one and consequently the liter-

ature is fraught with problems of interpretation. On the one hand the

term "stress" is used to refer to the complex endocrine and



173

morphological changes described by Selye (1946, 1950). On the other
hand the term is used to refer to a pqwerful stimulus (Lazarus, 1966).
Thus the concept of stress is an ambiguous one since it can refer both
to the physiological response and to a property of the stimulus situat-
ion (Kollar, 1961). Nevertheless in psychophysiological terms a stress-
ful procedure is usually taken to mean one iﬁ which there is both
unpleasant emotion and.physiological change (Malmo et al., 1948).

It has been argued that a procedure is stressful only if the organ-
ism is emotionally arocused. Bush (1960), for example, cited research
which demonsfrated that severe exercise, cold and fasting produced lit-
tle or no effect on the secretion and metabolism of cortisol in man
unless they were a part of a situation that provoked emotion. Others
have also opposed Selye's claim that the organism responds in a non-
specific manner to many different stimuli as part of the ''general adapt-
ation syndrome'. Mason (1968) proposed that the so called general
adaptive endocrine response to many different noxious stimuli is not a
non-specific response, but rather a specific response to a single type
of stimulus (psychological) which the various hnpleasant'situations have

in common.

The nature of stressors? CQmparisons of the results of hﬁman and anim-

‘ al studies are complicated because of the differences in the nature of
the stressful situations. In the case of the human studies the emot-
ional ﬁpheaval and associated endocrine changes are rarely a response

to physical stressors. In animal studies, bowever, stress is most
frequently induced by employing a physical stressor. The problem here
is that physical stressors may indeed induce unpleasant emofion but

they may also be exerting a direct effect on endocrine activity. It is
not known, for example, if the depréssed LH levels found after ether an-

aesthesia (Naftolin, Brown-Grant & Corker, 1972; Querido, 1975) is the
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result of the direct effects of the anaesthetic or the stress assoc-
iated with its administration. As Weiss (1972) observed:

when experimental animals are exposed to an environmental

stressor (stress inducing agent) the effects of psychol-

ogical variables may be confounded with the effects of

the physical stressors (p.105)

In the section that follows the term ''stress' will be used to refer
to the state that is induced by a specified stressor. It has already
been observed that caution is needed when comparing and interpreting the

results of these studies.

The effects of experimentally induced stress on reproductive

physiology:

There is considerable evidence to suggest that stress can increase

prolactin release in the rat (Ajika et al., 1972; Neill, 1970), except
on the afternoon of pio-oestrus (Morishige § Rothchild, 1974; Riegle §
Meites, 1976).

The reports on the effects of stress on LH secretion are far less
consistent. Indeed, it is a hazardous task to attempt to describe a
typical LH reéponse péttern to stress. It would appear that the effects
of stress on LH secretion in the intact female rat depend on (a) the
time of the oestrous cycle when the stréss is administered (b) the nat-
ure of the stress (c¢c) and the intensity of the stress.

Neill (1970) found that serum LH levels were not affected by lap-
arotomy and blood sampling under ether anaesthesia in intact female
rats on any day of the oestrous cycle, including the afternoon of pro-
oestrus. Similarly Wuttke & Meites (1970) found that the high levels
of serum LH on the afternoon of pro—oéstruS‘were not affected by ether
vapour stress. While Mérishige & Rothéhild (1974) found that ether-
laparotomy had no effect on LH or FSH levels during the late afternoon
of pro-oestrus they reported that the same procedure resulted in incr-

eased LH levels on dioestrus-1. However, etherization three times at 5
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minute intervals caused the LH levels to rise significantly on the
late afternoon of pro-oestrus (Morishige & Rothchild, 1974). in con-
trast, surgical stress on the morning of pro-oestrus fesulted in the
advancement of the surge of plasma LH by several houfs (Lawton, 1972).

To add fo the confusion Euker, Meites & Riegle (1973) reported that
the low serum LH values in dioestfous and 6estrous female rats were not
affected by 2 hourArestQaint stress. However, the same procedure caused
a sharp reduction in the high initiél levels of LH in pro-oestrous
females. They found that 2hrs of restraint stress administered between
1530 and 1730h blocked the pro-oestrous LH surge for the duration of the
éampling period (up to 4hrs after stress administration). Further evid-
ence that the mid-cycle LH surge may be blocked by stress has been pre-
sented by McKay et al. (1975). Using severél stress £egimens, includ-
ing restraint stress, they found that stress interfered with the LH
surge on the afternoon of.prd-oestrus (a) by reducing circulating LH to
basal levels or (b) by maintaining basal LH lefels. In most cases in—
hibition of the LH surge was accompanied by‘inhibition of ovulation the
following day. Ovulation did occur, however, in some cases where res-
traint stress had apparently inhibited the LH surge. Riegle § Meites:
| (1976) reported that 20 consecutive days of 2hr restraint‘stress |
blocked the regular ovarian cycle.

The results of studies with ovariectomized (OVX) feﬁales and int-
act male rats are as inconsistent as those in which intact females were
used.. Ajika et-al. (1972), for eXample, reported that LH levels were
elevated in OVX rats within 2 mins. of the administration of ether.and
bleeding. In contrast Seyler § Reichlin (1973) reported that the high
LH levels in OVX rats were not affected by etherization and bleeding.

The results of studies, in which'various forms of stress were ad-

- ministered to intact male rats, range from findings of no alteration
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of LH levels (Amatayakul, 1971), to decreésed.LH levels (Howland,
-Beaton & Jack, 1974), to élevation of LH levels (Dunn et al., 1972;
Euker ef al., 1975; Seylér'& Reichlin, 1973).

In conclusion, it is apparent that there is a lack of consensus re-
garding the pattérns of LH reéponse to stress. At presentvthefe is
insufficient information évailable to accounf for the diversity of.

observed responses.

Research objectives

The aim of the research to be reported in this chapter was to inv-
estigate the effects of conditioned emotional response procedures and
unpredictable shock administration on serum LH levels and other aspects
of reproductive function. The specifié reéearch,objectives are pre-

- sented in the introduction to each experiment.
Comment

Before describing this research a brief comment about an alternat-
ive form of stress induction is warranted. In a series of preliminaiy
studies.the effects of immobilizatioh in the restraining device  (des-
éribedvin Chapter 3) were investigated. It was found that immobilizing
groups of rats for 2hrs at overlapping intervals between 0900-1700h on
pro-oesfrus did not result in blocking of the pro-oestrous LH surge and
did not inhibit ovulation the following day. These findings are not
consistent with thoée of Euker et al. (1973) and McKay et al. (1975).

In another study it was found that daily 2hr immobilization over a per--
iod of 10 days failed‘to induce anoéstrus. This finding is inconsist-
ent with those of Riegle & Meites (1976).who reported that chronic
restraint was sufficient to block regular ovarian cyclicity.

The failure td repiiCate the earlier findings could be relaﬁed to

species differences. It is possib1e that the Long Evans strain used in
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the present research was more robust and less sensitive to restraint
than the rats used by other researchers. An alternative explanation is
that the method of restraint used by other workers was experienced by
the rats as more.streésfui. For example, the procedure of restraining
rats in the supine position by strapping their links onto a boand
(Riegle §& Meites,‘1976) may induce greatéf stress than that induced
by the restraining cage used in the present research.

In conclusion this method of stress induction was abandoned in fav-
our of conditioned emotional response procedures and unpredictable shock

administration.’

Experimental section

The effects of conditioned emotional response procedures
and unpredictable shock on reproductive function

Although the procedures used in the-present étudy,are best described
as Pavlovian or classical conditioning and exiinction procedures it was
Estes & Skinner (1941) who were the first to perform a quantitative
study of conditioned énxiety or conditioned emotional response (CER).
The CER 1is acquired by pairing a painful electric shock (unconditioned
stimulus) with avpreviously neutral stimuius {conditioned stimulus).
During conditioning trials the conditioned stimulus (CS) is presented
beéore the unconditioned stimulus (US) which is administered concomit—
antly with the termination of the CS.

A widely used method nf obtaining a measure of conditioned emotion-
ality involves recording the amount of suppression of wateriliéking
induced by the presentation of the CSV(Leaf & Muller, 1965; Nagéishi &
Imada, 1974; Shipley, 1974). Initially this method appeared tn have
the advantage of being both simple, without loss of the same quantitat-

ive precision as operant behaviour, and one in which food intake would

\
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not.bc altered. llowever, the results éf a pilot study,'invwhiCh rats‘v
were placed on a 23hr50min water deprivation schedule, revealed that the
lick suppression proce@ure could not Be used without causiné consider-
able weight loss. These findings are consistent with those of Verplanck
& Hayes (1953) who demonstrated that food and water intake of raté is’

" interdependent and that deprivation of one results in seif—imposed dep-
rivation of the other.

This observation led to the decision not to employ lick suppression
procedures with rats frém which blood samples were to be collected
and which were to be autopsied for measurement of organ weights. It
was reasoned that reduced food intake and subsequent weight loss might
alone, or in interaction with the conditioned anxiety, alter serum LH
levels in ways which could not be controlled.

Instead of excluding a lick suppression measure it was decided to
conduct a control study in which rats would be exposed to the condition-
ing and extinétion procedures and measures of conditioned emotionality
would be obtained. However, because of their inferior nutritional
states measures of serum LH and orgén weights were not recorded. It
was reasoned that the results of the coﬁtrol study would provide an
indication of whether fully fed rats respond emotionally to reinforced,

and subsequently to non-reinforced CS exposures.

Experiment 1

The aim of this control study was to determine whether exposure
to a conditioned stimulus during fear conditioning and extinction
trials would result in suppression of licking consistent with condit-

ioned fear. No measures apart from lick responses were recorded.
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Method

Subjectsﬁ ~Twenty five female rats were individually housed and fed
pelleted food-gnd water ad libitum. All rats were handled and gentled
daily for‘S mins at times of weighing and taking vaginal smears. After
14 daYs 20 rats with regular 4 day oestrous cycles were allocated to one
of two groﬁps (n=10 each) so that the mean body weight of each groﬁp was
approximately equal.

Procedure: The procedﬁre was divided into 4 phases: 1lick training; con-
ditioning period; post-conditioning period; extinction period. The fear
conditioning schedule described by Nageishi § Imada (1974) was emﬁloyed

in this study.

Lick training Both the experimental and control groups were individually

housed and fed pelieted food ad libitum. A water deprivation schedule
of 23hr50min was imposed on day 1 and maintained throughout the study.
On day 2 of‘the lick-training period, and each day thereafter; rats in
both groups were given 10 min. access to water in the operant chamber.
The following lick re;ponges were recorded: latency of first lick.
(secs); time to reach 100 licks; total number of licks during each 1 min.
interval; total ﬁumber of licks during the 10 min. interval.

It was found that the drinking curve had reached its apparent
maximum level by the fourth day of lick training. After day 4 the
lick rate remained at a relatively constant level for the following 10

days. Consequentlynlick training was stopped after 15 days.

Conditioning phase For 15 days immediately following the preliminary
training of drinking experimental group rats were subjected to daily
fear conditioning trials of 5 min. duration. The rats were transferred
from their home cages to‘the conditioning cage (restraining-device) in

an adjacent room. During the 5 mins. in the conditioning cage the rat
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received 3 shocks, each of which was signalled by the prior presentat-
ion of the CS (increased illuminetion) for 5 sec. Thus, over the 15

day period, each rat received aitefal of 45 paired CSs and dSs. Shock
intensity was increased at various intervals during the cenditioning
phase. Following each conditioning trial the rats were piaced in the
operant chamber and allowed a 3 min recovery period. The drinking tube
was then inserted and the rats were allowed to drink for 10 mins.

The control group rats were treated the same way except they did:
not receive_any'éhocks. On days 1, §, 10 and 15 of the conditioning
period 3 CS test probes for lick suppression were run at random infer—
vals while the rats were in the operant chamber. That is, during the
10 min. drinking period rats from both the experimental and control
groups were subjected to three separateAS sec presentations of the CS.
A criterion of 100 licks was required before the first CS'pfesentation,
The lick rate average for the three 5 sec segments before CS present-
ation was recorded as well as the lick rate during the 5 sec ef CS
presentation.

A suppreesion ratio was calculated for each presentation using the

‘formula described by Shipley (1974):
B
A+ B

"where B was the number of licks during a 5 sec CS

segment and A was the average number of licks during the three 5 sec
‘pre-CS segments. . With this measure a ratio of .500 indicates no differ-
ence in lick response rate between the pre-CS and CS periods. A ratio
of .333 reflects a response rate during the CS which is half the pre-CS
rate and a ratio of .000 indicates the subject.failed to .respond at all

during the CS presentation.

Post-conditioning phase Following the end of the conditioning period

both groups of rats were maintained on ad libitum access to food and

a 23hr50min water deprivation schedule for 5 days. All rats were
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~allowed daily access to water for 10 min. in the operant chamber, with-

out exposure to the CS or US.

Extinction trial phase Rats from both groups were placed in the con-

ditioning cage for 5 min without US or CS presentation. After a 3 min
recovery period in the.operant chamber they were allowed 10 min. access
to water during whigh time the 5 sec CS was randomly presented 3 times.
As before, a criterion of 100 licks was required before the first CS
presentation. The‘lickvrate average for the three 5 sec .segments.prior
“to the CS presentation was recorded as was the lick rate du;ing the 5
sec of the CS preéentation. A suppreésion ratio was calculated for

each CS test prdbe.
Results

Lick suppression ratios: The mean suppression ratio, during CS present-

ation, of the experimental and control groups is shown in Figure 7.
Analysis of variance revealed that the mean suppression ratios of the .
experimental group were significantly lower than those of the control .-

group on days 5, 10, 15 and 21 (p <.01).
Discussibn

The present findings indicate that after 5 days of conditioning
the presentation of the CS resulted in a significant suppression ofb'..
licking during test probes. Suppression of 1icking was also appafent
at days 10 and 15 of ‘the conditioning period and during extinction
" trials on déy 21. These findings-are consistent with Conditioned fear
. (anxiety). - |

It was reasoned,thaf aftef 5 days of fear conditioning the pre-
sentation of the CS'wéuld elicit the fear‘respdnse in animals subjécted

to the same conditioning and extinction procedures but not to lick
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Figure 7 Mean suppression ratio for experimental and control
groups during CS presentation: days 1- 15 condltlonlng period;
day 21 extinction trial period.

training and lick suppression testing.

The baseline 1lick rate (lick rate between CS presenfations) ofvthé
experimenfal group was similar to that of the control group. Indeed,
baseline lick fates'of both groups reflect almost'cénstant licking

- from the drinking fube. The finding of normal baseline licking in the
.experimental group is consistent with Seligman;s safety-signal hypoth-

esis (Seligman, 1968; Seligman et al., 1971) since all shocks were
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predicted by the CS and the absence of the CS presumably predicted

safety.

Experiment 2

No research on the effects of fear‘conditioning or the presentation
of the CS after c0nditioningron gonadotrophin secretion oriother aspects
of_reproddctive function has been reported in the literature.

A numﬁer of reseafchers have provided experimental evidence that
unpredictable shocks are more successful in inducing chronic fear
(Seligman, 1969) as well as greater somatic stfess reactions and more
stress-induced pathology (Weiss, 1970, 1972) than predictable shock.
According to Seligman's safety-signal hypothesis:

When shock is reliably predicted by a CS, the absence of CS

reliably predicts safety. When CS and shock are randomly

interspersed, however, there can be no signal which predicts

absence of shock. 1In the absence of such a safety signal,
the rat is in chronic fear...

(Seligman, 1969, p.487)
Ihlthe pfesent study predictable‘shock was used specifically since‘
" it has been reported that the CER is an iﬁcreasing funétion of ﬁhe pro— o
bability of CS-Shock pairings (Brimer & Dockrill, 1966; Nageishi &
vaada, 1974). It wés the iﬁtention to establish the association bet;
ween the CS ‘and the shock so that;‘duriné extinction trials, the CS
would elicit the fear response.

The aim of the present study was fo invgstigate certain aspects of
reproductive physiology at the end of‘a conditioning phasg-in which pre-
dictable shock was administéred, at thé'end_of a recovery period; and |
after CS presentation during.anie$tinctioﬁ trial . The procedures were
duplicated in order to obfain‘meaéuréhents from both’dioestrbus and‘pro—v

idesffous rats. One qf.the aims of this'stud} was_tb determine whether
experimental treatment would result'in‘a blogking or reduétioﬁ of the

LH surge on pro-oestrus.
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Method

| Subjects: Fifty'femaie rats were individually housed and fed pelleted
food and'water ad 1ibitUm. All rats were handled and gentled daily at
the time of weighing and the taking of smears. After 14 days 40 rats
with regular 4 day oestrous cycles were gllocated to one of eight grbups
(n=5 each) so that the mean body weight of each group wa$~approximately

equél.

Procedure: In}this study.the rats were subjected to the same condition-
- ing procedures as the rats in Experiment 1. However, in keeping with
the rationale outlined earlier, lick suppression procedures were not
empléyed. The fear conditioning schedule described by Nageishi & Imada
(1974) was employed. The various groups used in this study are ident-

ified in Table 36.

Conditioning phase All rats, except those in the non-conditioned con-

trpl group (group 3), were subjected to daily cbnditioning trials.of 5
min, duration during which time they received 3 shoéks, on a variabie
schedule, each shock being’immediafely preceded by‘the,CS. At.various
intervals during the course of the chditioning phase shock intensity
vwas increased in order to avoid habitdatioﬁ. The daily conditioning
trials were confinued‘fér 15.days, ét,the end of which each rat had reé—
“eived 45 CS-US p#irings;‘ During this phase physicai stressofs were.
'beihg employed and the effects of these on.fhe;oestfous cycle were mon-
itored by examination of vaginal smearvpattérns. Furthéfmdre three
groups were sacrificed and éﬁtbﬁéied at the end of the 15 day condition—
ing phase. Group 1 was sacrificed at 1500h on dioesfrus;vimmediately
after being subjected to a condifioning trial. Group 2 was sacrificed
at 1900h on pro-oestrus after beiﬁg subjected to a conditiéning.trial

at 1500h earlier thatvday. Group 3kwas'subjected only to 5 min.
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immobilization in the restraining device used in ﬁhe conditioning
trials. 'Afteriapproximétély 15'days'qf such treatment this group was
sacrificed at iSOOh on_dioestrus to provide non-conditioned control val-
ues. .

Groups iAand 2 provided data which cduld be cbmpared with those of
animals not expoéed to physical stressors, either at the end of the

recovery period or following csS presentation during the extinction

phase.

Post conditioning recovery phase Instead of proceeding immediately‘
with extinction trials the remaining animals were allowed a 5 day per-
iod in which to rééoﬁer from any physical effects which might have been
induced dﬁring the éonditioning phase. | |

On or about the fifth day after the end of the conditioning phase
group 4 rats were sacrificed at 1500h on dioestrusband group 5 rats
Wére sacrificed at 1900h on pro-oestrus. These groups were included
to provide data which might indicate changes since the end of the con-
ditioning phase and which could‘be compared -with groups exposed fo thé.

non-reinforced CS presentation during extinction trials.

Extinction trial phase On the appropriate day of the cycle (dioestrus
or‘pro-oestrus) two groups of rats received threé 5 seé expésurés to
the CS, in théuabsence of shock, during a 5 min. extinction trial at
1500h. Groupié was sacrificed immediately after the extinction trial
~ on dioestrus and group 7 was sacrificed 4hrs later, at 1900h on pro-
oestrus, |

On the basis of the findings of Experiment 1 it was preéumed that
the pfesentation of non-reinforced CSs»would elicit fear responses.
It is well establishéd that conditioned feaf,.like 6£hef classically
conditioned responses, is reduced by the repeated or extended present-

ation of the CS in the absence of the US (Kalish, 1954). However,
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considering the small number of hon—reinforced CS exposures it is un-
likely that there was a'significant reduction in conditioned fear.
A final group of rats (group 8), which had been exposea to the same
15 days conditioning and allowed 5 days of_recovery; were placed in the
réstraining cage foi 5 min. at ISOOh on dioestrus. Neither the CS nor
the US was presented. This group was included to determine whether the
restfaining device acted as an extraneous CS. ' That is, whether the
device alone elicited fear, and hence altered serum LH leveis, through
its association with US presentations. Wolpe (1952) reported that ani-
' !
mals subjected to noxious stimulation responded later with marked anx-
iety to the environment in which the aversive stimulus was experienced.
During all- phases the rats were sacrificed by cervical dislocation,

‘trunk blood samples were collected for serum LH assay and organ welghts

were measured.
Results

Vaginal smears: Aberrations of oestrous cycling were observed in about
e _ _ . Rde

one half of the rats during the condi%ioning phase. The atypical cyc-
les were in the form of extended cycles with'additional days of
dioestrous-type smears or vaginal cofnification. In some réts the.cyc-
les were extended over 8 days. >Anoestrus was not observed in any éfv
the rats. During the post-conditioning recovery period persistent
‘atypical smear patterns were observed in about one half of the surviv;

ing rats.

“Serum LH levels: _Serum LH Values are Summarized in Table 37. The
serum LH data of rats sacrificed on aioeétrus weré statistically analy-
sed separately from those obtained from pro-oestrous rats.

Analysis of variance revealed no significant difference between

any of the dioestrous groups with regard to serum LH levels (p> .05).
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Table 37

Effects of fear conditioning and presentation
'of non-reinforced CS on serum LH levels of

dioestrous and pro-oestrous rats

Mean serum LH

a concentration
Group . : ' "(ng/ml)+SD

Dioestrous groups

1 30.0+ 11.6

3 $22.8+ 13,1

4 22.8+ 17.2

6 25.0% 14.0

8 . 28.4% 7.3
Pro-oestrous groups

2 _ : 675.8+136.6

5 - 784.4+110.4

7 ' - L 845.8%155.8

a all groups, n=>5

Similarly there was no significant difference between the three groups
of pro-oestrous rats with regard to serum LH concentration at.1§00h |
(p>.05). |

Normal control groups were not included in this eﬁperiment since
. this would have necessitated.inCIUding é'confrol for each of the 8
groups. However; a further ahalysis bf the serum LH data was done in-
'ciuding normal control values from Supplementary Study No. 8."Thi§
revealed that the.dioestfdusfand prd—bestrods serum LH valués, of the
groups used in this study, did not'differvsignificantly.from normal
values»(p> .05).

Body and organ weights: - The bddy weight and«dfgan wéights are summar-

ized in Table 38. None of the groups differed sighificantiy withvregérd
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to body weight at the timevof autopsy. . Analyses of variance revealed no

significant difference between any of the groups with regard to pituit-
' | .

ary, ovarian and adrenal gland weights, expressed either in ébsolute

terms or reiative to bédy weight. Nét ﬁnexpecredly, all groups autop-

sied on pro-oestrus had mean uterine Jeights that were signiricantly

greater than those of dioestrous rats in both absdlute and relative

body weight terms. The greater uterine weight of pro-oestrous rats was

- consistent with the normal serum LH values of the pro-oestrous groups.
. - I
Discussion

Since éimilarly treated rats shoﬁed evidence of lick suppression
(Experiment 1,-Chapter‘§] it was presumed that presentation of the US
and the CS, after a period of conditioning, would elicit a fear response
in the rats in the present study. | |

The results indicate that daily conditioning trials exerted an
effect on the éestrous cycle of half of the rats by causing eXtended cyc-
les. However, hone.of.the rats became anoestrous. Furthermore the
conditioning trials had no effect on basal serum LH levels oﬁ dioestrus
and the CS-US pairing did not block the LH surge when presented at 1500h
oﬁ pro-oestrus. Similarly the presentation of the non-reinforced CS . |
during extinction trials had no significant effect on serum LH levels on
dioestrus and pro—oestrué._

With the finding of normal serum LH levels ir was not sﬁrprising
to find thét pituitary, oyarian and uterine wéights didvnot differ from
"normal values. However, the finding of no significant increase in
adrenal gland weight following'is.consecutive days Qf conditioning
trials was unexpected. It would appear that the stress induced by this
treatment was not sufficient to cause adrenal hypertrophy.

It is likely that a greater number of CS-US administrations per day



191

over -a longer period of tiﬁe would have eventually proauced alterations
‘invgonadotrophin'secretion patterné and con#equeﬁtly farget organ
~weights. HoweVer; it was neither teéhniéally feasible nor ﬁersonally
desirable to subject ratsvtd'the exfreme conditions known to cause som-
atic stres§ reéctions‘in rats. " In 6rder to induce gastric ulceration
Weiss (1970) subjected raté to a variable shock schedule over a period
of 19hrs.. |

:In conclusion, the administration of 3.shoéks per day for 15 days

or the presentation of a non-reinforced CS to fully fed rats failed to

alter serum LH levels or induce anoestrus.

Experiment 3

Since daily exposure to 3 predi;tablé shocks for 15 days failed to .
induce anoestrus an aitefnative procedure was employed in the prééent v
stﬁdy. It has been reported thaf giving unsiénalled shdcks-had a
greater sqppressive effect upoﬁ the basal-rate of licking than'sigﬁalléd
shocks (Imada § Soga, 1971; Miyashifa, 1971; Nageishi &vlﬁéda,'1974).
That is,.the suppressionvof lick rate ;nvthe absence of'the CS Sﬁggeété
thatvthe'rats are'in'é‘state of more '"chronic fear" duringvthe period '
~of the cénditibning trial (Seligman, 1969). N

_The.aim of the.preéent study was tb'deterﬁinelwhéther the'daily
administration of.3 uﬁﬁredictablg shécks would be more successful in

disrupting the oestrous cycle than §ighalled shocks.
Method

The subjects in this experiment were 10 female rats with reguiar
4vday cyclés. Théy were ihdividually housed and'fed1food'and water ad
1ibitum.

All rats were subjected to daily 5 min. periods in the restraining
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cage, during which 3 unpredictable shocks were randomly presented.

Daily shock administration was continued for 21 consecutive days. As
|
. | » . .
.in the previous experiment shock intensity was increased gradually at

various intervals. Vaginal smears were examined daily during the shock

|
administration phase and for 14 days thereafter.

Results

«

Vaginal smear patterns: A criterion of 5 or more consecutive days of a

leucocytic smear pattern was used to define anoestrus. The first da&_
of the constant dioestrpus smear pattern sequence was designatéd the
first day of aﬁoeStrusﬂ -

All rats 4howed some aberrafion of oestrous cycling in the form
of extended cyéles. Two rats became anoéstrus, both on the niﬁth day
of the shock aéministration phase. Anoestrus persisted in these rats
throughout the remaining period of tﬁé shock administration phase:
The'anoestrousjrats shbwed'signs of_rénewed éycling, 5 and 6 days res-
,pe;tively, aftér the end of the conditioningjphaée. .At £hé ehd_ofrthe

. 14 day recovery period 9 out of 10 rats were showing normal 4 danyest—

rous cycles.
Discussion

The findings of this study indicate.that unprédictable Shock res-
ulted in more widespfead disturbance of oestrous cycling than‘phét.ob—‘
served following administration of pfedictable shdck (Exp. 2, Chap 5).

'Furtherhorevanoestrus'was induced*ih‘tﬁovof the réts and'persisted for
as long as the unpredictablé shock was adminigtered. Recovery of cyc-
lical activity followed soon after shock administrétion was stopped.‘

These regults suggest that unpredictaﬁie_shoﬁk,:édministered.during

daily trials of S.mins. duration, exerted a more marked effect on the
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on the oestrous cycle than predictable shock. However, it was not suc-
cessful in 1nduc1ng anoestrus in the maJorlty of rats. Nevertheless,
the unpredlctable shock schedule appeared to be the most potent of the

stress regimens imposed so far in this research.

Concluding discussion

The results of tho lick‘soppression study indicate that the pre-
sentation of the CS, after a period of conoitioning, elicited a fear
response. Howevor, the degree of emotionality aroused during condit-
1on1ng (CS-Us pa1r1ngs) and extlnctlon phases was not suff1c1ent to
exert a demonstrable effect on serum LH levels and organ welghts
Indeed, the daily presentation'of 3 signalled shocks for iS‘days
appeared not to be stressful enough to cause an increaso in adrenal
glahd weight.

| '1When viowing thevdifferent oonditioning and shock schédules,_used
in fhis.sectioh;‘with respect to‘their effect on vaginal smear patterns,
it would seem that.unpreoictable shock exerted fhe.most diSruptive;
effect on the'oestrous cycle. It was the only procedure that induced
anoestrus; albeit in only 20% of rats. These f1nd1ngs‘are con51§tent
with reports that unpredictable shocks are more successful in.indooing
stress relatod pathology thah predictable shocks (Weiss,11970,.1972).

Since the administration of unpredictable sﬁOck proved to be. the
- most successfui in disrupting the oestrous cycle this prooedure was

adopted in later experiments. -



:ChaEter 6

THE COMBINED EFFECTS OF ALTERED NUTRITIONAL STATUS AND STRESS
INDUCTION ON REPRODUCTIVE AND ENDOCRINE FUNCTION

[ .

The aim of the research reported in this chapter was to determine

whether inferior nutritional status resulted in an increase in the sus-
ceptibility of the reproductive-eystem to the effects of stress. To
date, no such effect has been demonstrated experimentally. The pbjective
was to determine whethef sfress induced during the calorie'depfivationb
phase'hastened the onset of anoestrus and whether similar stress treat-.
ment during nut;itional rehabilitation delayed resumption of oestreus
cyeling. | | -

It was pro%osed in Chapter 2 that the aetiology of amenerrhoea in
anorexia nervosa may be multifactorial. For example, nutritional and
psychological Qtress factors acting together may be-responsible.for the
onset of amenorrhoea in some patients. Admittediy the onset of amen-
orrhoea precedes,weight loss in many cases (Kay & Leigh, 1954), thus
suggesting thaé psychological faetors‘play a dominant role in those
insténces. Insother.patients,»however, the onset of émenorrhoea coin-
cides with thefmanifestation of both weight ioss and psychoibgical
- disturbance. fhe:question as to whether these factofs iﬁteract_in pre-
cipitating thegonset of amenorrhoea has yet to be resolved. Furthermore
it has been suégested that persistent amenorrhoea after restoration of
normal'bodyiwe;ght may be due to residual psychelogical disturbance

(Wakeling ep ai., 1977)f | |

The prese%t reseafch was carried out in order to.casf'more light

on the possible interactive effects:of«caloric deprivafion and stress

factors on reproductive function.

194
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Experimental section ' .

Unpredictable shock administration during caloric
restriction and nutritional rehabilitation

The fesultsvof preVious experiments'(see Chapter 5) indicéted that
unpredictable shock was the most potent stressor used in the present
research. Daily administration of 3 unpredictable shocks failéd to
induce anoestrus in all fully-fed rafs, but it was the only procedure
that resulted in anoestrus'in some of:the rats so treafed.

In the st&dies described in fhis section the aim was to deterhine
whether unpfedictablé shock would exert a more disruptive effect on
reproductive fqncfioning when animals were subjected to, or were recov-

ering from, severe caloric restriction.

Experiment '1

The aim of this study was to investigate the combined effects of
caloric restri¢tion and shock administration (streés).on rebroduétivg
function. The combined effects of caiorié deprivation and stresé dur-
ing both the céloric deprivation phase and the rehabilitation phase
were investigaied;.' o

Stated more specifically the aims of this Qtudy Wefe:' 

(i) to dgtgrminé whether the daily administration of 3 unpredict-

able: shocks during a 5 min. period in.the restraiﬁing cage
would accelerate the.onsét of anoestrus in rats fed 5g of the
DFF aief per day.
.(ii) “to determiﬁevwhétﬁér'the exposure to unpredicfable shqéks dur-
ing the caloric restriction phase,exertéd a persistént effect
.by ptgventihg.dr delaying tﬁe<resumptioh of_oestrous'cycles
..during full nutritional rehabiiitétibn. |

(iii) vtovdetermine'whether the daily administration of 3
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unpredictable shqéks during‘fulljnutritional rehabilitation, fol-
lowing 21 days feeding on the DFF diet, would prevent or delay

the resumbfion of ocestrous cycleg. |

to determine whether 3 unpredictable shqéké administered daily dur-

ing graduai rehabilitation (18g basal diet/day), followingA21 dayé

i

' feeding on the DFF diet, would prevent or further delay the resump-

jars
oestr
v-the m
were

smear

tion of oestrous cycles.

Method

Thirty femélé rats had free‘acce§s to the basai diet from feeding
for a period of 14 days. Thereafter 25 rats, with regular 4 .day
ous cycles, were allocated to one of 5 groups (n=5 each) so that
eah Body Qeight'of each group wa§ épproximately equal. All groups
fed 5g of the DFF diet daily fof Zi days. Body weight and'vaginal
s were monitored daiiy. |

Table 39

Experimental design: Experiment 1, Chapter 6

Caloric - .
restriction ‘ Rehabilitation phase. -
phase :
- Daily admin. ' ' Daily admin.
No. _ of 3 : l . of 3 ,
of “unpredictable i Dietary unpredictable
Group rats shocks for: . ‘regimen shocks for:
1 5 First 15 days jFull rehab. ~ None
2 5 None N ;Fuli.rehab. None
3 5 None ~ Full rehab. .  First 10 days
4 5 None ' - Gradual rehab.  First 15 days
c :

5 - 'None I Gradual rehab; None

The different groups identified in Table 39 were treated in the

following ways:
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Group 1  For the first 15 days of fhe caloric restriction (bFF diet)
phase fhe réts were subjected to dailqu min. periods in the restrain-
ing cage,‘when 3 unpreaictable shoéks'were'administéredf' Shock intens-
ity was increased grédually (days 1~5,:.50ma; days 6-10, .65ma; days 11-
15, .80ma). o o |

No shocks were administered during the remainder of the DFF diet
phase; nof_du?ing‘rehabilitétion; After 21 days feeding on the DFF diet
the rats were allowed free accesé to the basal diet (ad 1ibitum or '"full
rehabilitafion”). Body weight and vag?nal smears were moniforéd daily
and the rats.Qere sacrificed on the first day of vaginal cornification
during full nﬁtritional rehgbilitation.
GrouE 2 served as a non—stréssed control for groups 1 and 3. 'Twenfy
one days of feeding on the DFF diet was follo@ed by fﬁll nutritional re-
: habilitation. Rats in this group‘weré not subjected to shock stress.
Like the éats_in group 1 they were sacrifipéd on the first day-of oésf;
rus during full rehabilitation.
Gréup 3 - Following 21 days of feeding on:the DFF diet the ratsIWere
allowed free access fo thé basal diet (full nutritidnal rehabilitation).’
Starting on da} 1 of‘the rehabilitation phase each rat was subjected:
to daily 5 min; periods in the restraining cage, when 3 unpredictable
Vshocks were administered. Daily shock adminiétration was continued for
the first 10 days pf‘the'fehabilitation phase of until the first appéar—r'
ance of vaginal cornificatioﬁ (oestrous type smear). Shbck intenéity
was increased from .50ma after the fifst 5 daysito‘f65ma during.the
second § days. ’v
Grouﬁ 4 - Following 21 days of.feeding on the‘DFF diet £he rats in this
group were allowed access to 18g of basal diet per day (”grédual rehab-
ilitation"j. 'Starﬁing on day 1 of the gradual rehabilitation phase 

i

each rat was subjected to daily 5 min} periods in the restraining cage,
|
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when 3 unpredicfable shocks were administered. Daily shock administ-
ration was cont%nued for the first 15 Qayé of the graduai rehabilit-
atiéﬁ phase or until the appearance of vaginal cornification. Shqék,
intensity was incfeased gradually (days 1-5{ .50ma; dayé 6-10, .65ma;
days 11-15, .80ma).
Group 5 served as a non-stressed control for group 4. Twenty one days
of feeding on the DFF diet wés followed by gradual rehabilitation on 18¢g
6f.basa1'diet per day. |

During th?icaloric deprivation apd rehabilitation phases body
Qeight,ffood cénsumption and vaginal smears were monitored daily. Rats
from all groupé were sacrificed on the day of the first appearance of
vaginal cbrnif?cation duriﬁg‘the rehabilitation'phése. Tfunk blood
samples were céllecfed, organ weights were measured, and the ovaries

and oviducts were examined.
.ReSUIts

Of greatest interest was the effect of shock administration .on the
onset of anoesfrus during caloric deprivation_and on the resumption of
oestfous cycles during full and gradual rehabilitation.

Vaginal smear patterns:

Latency of anogstrus (grqqps 1 and 2): Group 1 raté? subjected to daily
shock a&minist}atioﬁ from the start of the DFF Aiet phaée, becaﬁe
anoestrus afte?_5.2i1.8 days.  In contrﬁst, group 2 rats fed the»éame
diet bﬁt not subjected to shock administration became anoestrous after
11.6#2.3 days.j The'difference between the two groupé.was sfatistically,

‘significant (-t(8) =4.92, p <.01, one tailed).

Latency of resumption of cycling ~ The time taken for the different
- groups to first show evidence of resumed cycling during réhabilitation

is summarized in Table 40.
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Table 40

Effects of‘unpredictéble shock administration on the latency of

resumed oestrous cycling during rehabilitation

No. Rehabil- ) Mean latency of
of  itation Treatment during resumed cycling *SD
Group -rats - regimen rehabilitation (days)
1 s Full No shock " 6.4 .89 Range 5-7
2 5 Full . No shock 6.2t .84 Range 5-7
Daily shock for ‘4
3 -5 . Full first lq_days 15.2+ 1.5 Range 13-17
Daily shock for v b -
4 5 + Gradual first 15 days 20.6*x1.2° Range 19-2
5 5 . Gradual No shock 12.4t1.1 Range 11-14

a significantly longer than group 2 i(p <.01)
b significantly longer than group 5:(p <.01)

Group 1 vs 2 - shock administration during the caloric deprivation

phase: As shown in Table 40'groups§1 and 2 took approximately the
same time to resume oestrous cycles during full nutritional rehabilit- =
ation. These iesults indicate that the administration of shocks during’

the first 15 dayé of the DFF diet phase did not cause-a.deiay in the

‘resumption of cyclical activity during full rehabilitation.

Group 2 vs 3 f shock'administration during full nutritional rehabilit-
ation phasé: EThe rats.in groub 3 did not show evideﬁce of vaginal
cornification;during the course of the iQ déys of shbck’administration.
Termination of daily shock adhinistration-was follbwed,.about 5 days
later, by resdmptibn of.oéstrousvcycleSg' The timé takén by grdup 3
rats to show évidence of resumed’cyéling.was_significantly longer than
the 6.2t.84 days fakeﬁ by group 2 fats'(3(8)511}84,B_<,01,‘one-"
tailed). These rééults indicate that shock adminiStrationvdufing full

nutritional rehabilitation inhibited the resumption of oestrous cycles.
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Group 4 vs 5- shock administration during gradual rehabilitation phase:
The rats in group 4 did not shéw evidence of cycling for the duration
of the 15 déys of shock administration. Terminatién of daily shock
administration was followed, about 5 days‘later, by reéumption of oeét—
rous cycles. The timeltaken by group 4 rafs to show evidence‘éf resumed
'cycling was.significantly longer than the 12.4%1.1 days taken by group 5
rats (Ej8)=13.28,2_<.01, oﬁe—tailed). As was the case with full rehab-
ilitation rats, shock administration dﬁring gradual rehabilitation inhib-
ited resumption of normal cyélical activity.

[

Ovulation rate and tubal ova count: The proportion of rats ovulating

and the mean number of ova per ovulating rat are summarized in Table 41.
The data of the full rehabilitation and gradual rehabilitation groups

were analysed separately.

Table 41

Effects of unpredictable shock administration on ovulation and

surface appearance of ovaries

Oviducts : Ovaries

Mean number +SD

Corporé _
: Mean no. lutea Follicles
Rehabil- o of ova per exceeding exceeding
« itation Proportion - ovulating J7mm in .5mm in
Group regimen ovulating rat +SD . . diameter - diameter
R : T .
1 Full .~ °~ 5/5 10.2+1.4 ~ 13.8%*1.9 - 2.2%0.83
2. Full 5/5 - 10.0%2.8 15.2+1.9 1.4£1.1
3 Full - 4/5 o 6.0:2.2%  14.421.1 2.0£1.0
4 Gradual  4/5 5.3:1.7°  10.4%2.1 2.8+1.9 -
Gradual : 5/5 ‘_ ©10.2%1.6 8.2+2.5 1.4£0.89

a significantly fewer than groups 1 and 2 (p <.05)
b significantly fewer than group 5 (p <.01)
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Full rehabilitation groups: Theré was no significant difference bet-.
-ween the 3 full ;ehabilitatién groups with regard to the frequency of
ovulation (5?(2)=.241> .05)7 .The.majority of rats showed evidence of
oVulation on.the day of the firét appearance of vaginal cornification
during the rehabilitation phase.: However, group 3 which was subjected
to shock administfation for the first 10 days of rehabilitation had a
mean number of ové‘per ovulating rat that was significaﬁtly'lower than

those of groups 1 and 2. | | |

Gradual rehabi}iﬁation groups: There was no significant difference bet-
ween the two groups with régard to the frequency of qvulatibn Q&? with
Yates' correction(1)=.1,2}>.05). Thé majority of rats ovulated on.the
first day of Vaginai cornification dufing'the rehabilitation phasé.
However, a Student's t test revealed that the mean number of ova per |
ovulating rat of group 4‘was'$ignificantly lower than‘that of group 5

(t(7)=4.88,p <.01, two-tailed).

Surface appearance of ovaries: The mean numbers of surface corpora
lutea énd ovarian féllicles are shown in Table 41. The data of the
full rehabilitatioﬁ and‘gradual rehabilitafion groups were anéiysed
separafely. | . |
Full'rehabilitation groups: Analysis of variance revealed no signif-
icant difference between the 3 groups with regard.to tﬁe number Qf
corpora lutea and the number of su?face follicles.(p>:.05): Normal
control.valges from Supplementary Study No. 8 weré not included in the
analyses since groﬁps 1 and 3 had a non-étfessed control; and, further-
~more the effects of‘fhe'DFF plus'fehabilitation on ovariah’appearance>
have already been determined. |

Gra&ual rehabilitation groupé: Studentfs f festé révealed‘ho';ignif—
icant'difference between groups 4 andvs-with regard to the.numbers of

corpora lutea (2(8)=1.24,E;>.05)>and follicles (t(8)=1.46,p> .05, both
, . | _ T o
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]
two-tailed). Visual inspection of the corpora lutea data suggests

that both groups had fewer corpora lutea of criterion size than fuIly—
. | -

fed, non-stressed rats from Supplemenfary Study No. 8 (Appendix A).

Serum LH levels: - The serum LH values on the first day of oestrus duf-

ing rehabilitation are summarized in Table 42.

Table 42

Effects of Unpredictable shock administration on serum LH

levels on the first day of oestrus during rehabilitation

1

Treatment
_ during Mean serum LH
Group - rehabilitation (ng/ml1)+SD
Full
rehab:
1 .. No shock _ 24.4+8.3%
2 ~No shock  21.2#5.3
~ Daily shock for
3 : first ‘10 days . o 25.8%5.0
Gradual
rehab:
- Daily shock for e
4 first 15 days ©19.0%4.1

"No shock N - 23.8%6.2

The data of the full réhabilitatibn-and.gradual'rehabiiitétion
groupsvﬁere analysed'separately. In both analyses normal control val-
ues.dn oestrus from Supplementary Study No. 8 (19.4£'8.1'ng/m1) were
in;luded for cgmparison.'_ v | | |

Analysisidf variénce.revéaled no significant diffefence between
the serum LH ievéls of the.3 fullfrehabilitafion grqups and the normal
control group. Similarly-there was no significént diffefence betweén
‘the serum LH leﬁels of the gradual reﬁabilitation groups and.that of

the normal conﬁrol group'(p>..05).



203

Body weight: The cﬁange; in body weight are summarized in Table Dl.in
Apbendix D. |

In an earliér study:(Expérimént 6, Chapter 4) it was found that,
irrespective of tﬁe nature and duration of rehabilitation, resumption of
cycling occurred at a time whenithe rats were approximately 1-3% below
jtheir initial body weight. The present findings,with rats not stressed
during rehabilitation (groups 1, 2 and 5), are consistent with’eariier
observations. However, in the'case of thelgroups subjected to unpred-
ictable shock sFress during full and gradual rehabilitation, anéestrus
~ persisted in spite of restoration of initial body weight. Indeed ovul-
1 ation was delayed until tﬁe body weight was 8.6% (full rehabilitétion
group) and 9.4% (gradual rehabiiitation group) greater.than initial
body Qeight. |

Organ weights: The changes in organ weights are summarized in Table DI1.

in Appendix D. Since the different groups were autopsied.at widely
discrepant times after thg-start'of rehabilitation, differences_in»body
ahd organ weights were‘eXpected. Consequently these détavwere~n§t sub;-
jectéd to statistical analysis and are not described in detail here. |
There.were, however, no significant'differénées betwéen any of the‘
groués With regard,to adrenal gland Qeight'when expressed in termsbrel-

1

ative to body weight.
Discussion

The findings indicafe.that unpredictable shogkvadminisfration dur-
.ing 5 min. periods in the festraining éage exerts a prqnounéed‘effect'
on cycliéal,activityIWhen rats ére‘sdbjected.to, or are recoveriﬁg:from
severe caloric restriction. |

Shock administration during the calorié deprivation phase hastened

- the onset of anoestrus. Exposure to shock stress during the caloric
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deprination phase, however,_did not nave_a long lasting effect. Rats

on full rehabilitation, following shock administration during the cal-
oric deprivation phase, resumed cycling at approximately the same time as
non-stressed rehabilitated rats. .

»Dﬁring beth full and graduai rehabilitation daily shock administ-
.ration was snccessful in inhibiting the resumption of cycling for the
duration of the shock administfatiqn phase. In.both rehabilitation‘gropps
resumed cycling was first observed about 5 days after the last shock
was administered. It is possible thetianeestrus would have been main-
tained for a longer period if shock administration was continued. It is
unlikely that it was.mere coincidence for both groups to take approxim-
étely 5 days after'the last shock administration to Show‘evidence of
qvglation. It is probable that this is the time span required for .
restoration of hormonal equilibrium between the components of the funct—
“ional HPO axis, following termination of.stress.

In beth the full and gradual_rehebilitation groups exposed to
stress, oestrus was first observed at,é time much later than that of
. non-stressed controls. Consistent with earlier findings the.rats not
‘stressed during rehabilitation first fesumed cycling when their body' '
weight was 1-3% below their initial weight. In the present study fats
stressed during rehabilitation (full orvéiadual) were about 9% neavier-'
than before the start of-the DFFiQietvphase. In an earlier section
(Experiment 6, Chapter 4) it was conclnded tnat weight gain of'a crit-
ical magnitudevwas necessary for resumption'of cyclical'aétivity. The
nresent findings indicate that continued shock stress is capable of
preventing resumption of cyciical activity.even,after the nutritional
disturbanee has been coirected. | |

Sinee the shock -schedule alone was:not suffiéient‘to induce

anoestrus in the majbrity of rats (Eiperiment 3, Chapter 5) it would
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appear that caloric deprivatién for 21 days had the effect of causing
the rats to be more»gusceptible tb,thélstress induced by the shock
schedule. That the shock schedule itself does not induce extreme stress
is suggested by the fact that there was no increase in adrenal gland
weight when considéred relative to body weight.

Recent exposure to the shock’stress appéared to have an effect on
ovulation. Althbugh the'majority of rats ovulated on the day of first
oestrus the grbuﬁs subjected to shock sfress during reﬁabilitation
shed fewer ova than did the non-stressed groups. There appears to be a
recency effect since the group subjected to shock stress during fﬁe
caloric deprivation phase shed a norﬁai quota of ova..

Regardless of eaflier shock_strgss or the nature and duration of
rehabilitation the serum LH leQels, aéSociated with the first day of-

vaginal cornification, were within the normal range.

Expéerimént 2

The aim of the present study was to use the PMS test fo investigate .
thé functional capacity of the HPO axis of fats subjected to shock stress
while on 3 different dietary regimens, following 21 days of.calorié res-
triction. |

.Results.of previous experiments in this séries héve revéaied (1)
“that resumption of_normal cycling_during fuli and gradual fehabilitatioh
was preyented by subjecting rats_fo éhock stress during rehabilitation
(Experiment 1, Chapter 6); (ii) that ovulation was induced, by PMS ad-
ministration in rats on gradual rehabilitatidn and low weight mainten-
bance reglmen at tlmes when they ‘were still well below ‘the body welght
normally assoc1ated with ovulation (Experlment 10, Chapter 4).

The spec1f1c aims of this study were:

(i) to determine whether ovulatlon, shown to be bioéked by
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administration‘of shock stress during full rehabilitation,
would be‘iﬁducea by means of PMS injection at various inter-
vals duiing rehabilitation and shock administration |

(ii) to determine whether ovulation, induced by PMS administration
while rats are still below normal weight during gradual rehab4
-iiitation'aﬁd low weight maintenancé, Qould be blocked by means

of shock administration.
Method

Fifty female rats were allowed to eat the basal diet ad libitum
from feeding jars for a period of 14 days. Thereafter 45 rats, with
regular 4 day cyclgs, were ailocatéd.to one of 9 groups (n=5 each) so
. that the body weight of each group was approximately equal. All groups
were fed S5g of the DFF diet daily for 21 days. Body weight and\vaginél
smears were monifored daiiy. At the end of the caloric restrictioﬁr
phase 3 groﬁps each wére placed on one 6f 3,dietary_regimen$:

Pull rehabilitation - basal diet ad 1ibitum |

Gradual rehabilitatién-- 18g basal diet pér day.

Low.weiéht;maintenance - 10g basal diet ﬁer day.

Treatment of the various groups is. summarized in Table.45,

Full rehabilitation .groups:

Group 1. Starting on day 1 of the fullirehabilitatién phase each rat
was subjected.to daily 5 min. periods in the restraining cage, when 3
unﬁredictable shocks wére édministered.v Daily‘shOCk administration was‘
continued until the déy béfore'autopsies were performed, approximately 6
days aftei the étari inrehabiiitation.. On the third day of rehabi1~‘
itation eaéh rat received a subcutaneoUs'injéctioﬁ bf:.1m1 saline
confaining 201U PMS and Qeré autopsied 65 hours 1afer:at 0900h on the

sixth day of rehabilitation or at the first appéarance of an oestrdus



type smear pattern.

- Experimental design: Experiment 2

Table 43
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Caloric deprivation phase

All subjects fed DFF diet for 21 days

- New dietary regimen phase

Experimental
Treatment: :
No. Daily admin of 3 PMS ~ Anticipated
of Dietary unpredictable -~ injected day of autopsy
Group rats regimen shocks for: on day: (65hr post-PMS)
1 . 5 Full rehab First 5 days 3 6
2 S  Full rehab = First 9 days 7 10
' First vaginal
3 5 Full rehab ~ None ‘ ‘None ‘cornification
4 5 - Grad rehab - First 5 days 3 6
5 5 Grad rehab None R 3
6 5 Grad rehab None ' “', None
7 5 Low wt main: First 10 days 8 11
8 5 Low wt main. None 8 11
9 -5 - Low wt main. None . o the- 11
Full rehab Ad 1ib access to basal diet

Gradual rehab
Low wt main.

Son o

18g basal diet per day
10g basal diet per day

“Group 2. This group"was_treated in:the same way as groﬁp‘l except that

daily shock administration was cbntiﬁued for a-longer period. That is,

until the day before_autopsieS'Wére performed, approximately 10 days

after the start of rehabilitation, Twenty IU‘of PMS was administered

on the séVenth_day of rehabilitation and autopsies were performed 65hrs

later at 0900h on day 10 or at the first appearancé‘of-annoestrous type

smear.

k3
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Group 3. The rats in this group received neither shock treatment nor
PMS injections during the rehabilitation phase. They were autopsied on
the day of the first appearance of an oestrous type smear. This group

was included as a non-stressed -control group.

Gradual rehabilitation groups:

Group 4. Starfihg.on day 1 of the gradual_rehabilitation phase each rat
was subjected to daily 5 min. perieds in the festrainihg dehice, when 3
'.gnpredictable shocks were administered. bDaily shock administration was
continued enti# the day before aetops%es wefe'performed approximately 6
days after the staft of gradual rehabilitation. On the third day of
rehabilitationjeech.rat received a suhcutaneeus injection of .1ml sal-
ine containing 20IU PMS and was autopsied 65hrs later, at 0900h on the
sixth day of rehabilitation or at the first appearance of an oestrous
type smear pattern.

Groug 5. This group served as a noﬁ—stressed‘contfol-group. The rats
in thls group were treated in the same way as those in group 4 with the
kexceptlon that shock was not administered.

Group 6. .This group served as a non—stressed,'non—PMS test_contrql,

A Cradual rehabilitation was continued until autopsy on the sixth_day of -
rehabilitation. It wasvanticipaeed that spontaneoue‘cycling would not
occur within this‘peried of gradﬁal fehabilitation (EXperiment 6,
Chapter 4). | |

Low weight maintenance groups:

Group 7. Starting on day 1 of fhe low weight maintenance regimen phase
each rat was subJected to. da11y 5 m1n perlods in the restraining cage,'
when 3 unpredlctable shocks were admlnlstered Daily shock administ-~
ration was continued until the day before autopsies Werevperformed
AapprXimately 11 days after the start of the 10W weight haintenance

L=

regimen. . On the eighth day after the start of the new regimen each rat
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received a subcutaneous injectién'bf’.lml saline contaiﬁing 20IU PMS
and'wéré autopsjed 65hrs later, at 0900h 6ﬁ thele;eventh day or at the
first appearance of an oestrous tYpe smear.
- Group 8.. This grou; served as a non-stressed cbntroi group treated in
the same way as group 7 rats with thefexception that shock was not admin-
istered. |
_'GrouB 9. This group served as a non—stre$sed, non-PMS test control.
The low Qeight maintenance regimen waé continued until the eleventh day
when autopsies’wére performed. It Qa§ éntiéipated that spontaneoﬁsv
cycling would not occur while the rats were on’this diétary regimen.

In all groups body weight, food éonsumption'and véginal smears were
honitored daily durihg the caloric deprivation phase and whilevthe rats
were on the neﬁ dietary regimen. At autobsy, body and organ weights
. were measured and the ovaries and oviducts were examined. _Blood‘samples
for serum LH assay were’nof colle¢ted since the PMS used in this study

was known to interfere with the LH measurement.
Results

Since 3 different dietary regimens»Were employed the data'wefe
analysed separateiy.

Vaginal smear patterns

- Full rehabilitation groups:

Group 1. All rats ;bntinued to display a ébnsfant dioestroué smear
‘pattern until days 5-7 (48-8%hrs after ﬁMS injection)'when'evidence of
vaginal cornification was first apparent. |
.Grdup 2 All'ratS:remained andeétrduélfor thexdurafion of shock admin-
istration. Vaginal cornification was first observed Between 65 ahd 89
.hrs éfter PMS injecfidn Which was given on day 7.

.Group 3: The rats in this group showed spontéhedus'fesumption of
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-cycling after 5.8+.84 days (range: 5-7 days).

Gradual réhabilitation groups:

Groups 4 and 5: All‘réféMih these,groqps continued to display a dio-
estrous type smear pattérn ﬁntil approXimately 65hrs after PMS injection
which was given on day 3. |

Group 6: All rats were still anoestrous Qhen autopsied on day 6 ofv
gradual rehabilitation.

Low weight maintenance groups:

Groups 7 and 8: Vaginal cornification was first observed between 48 and
89hrs after the PMS injection which was given on day 8.
Group 9. All rats were still anoestrous when autopsied on day 11 of the

low weight maintenance regimen.

Ovulation rate and tubal ova count:

The proportion of rats ovulating and the mean number of ova per

-ovulating rat are shown in Table 44.

Full rehabilitation groups:

Since it was anticipated that fhe two groups receiving PMS aﬁd the .
group shbwing spontaneous vaginal cornification might ovulate the
observed frequency of ovulation was subjected to a x2 test with an exp-
ected frequency of 5 for each group. There was a significant difference
between the groups with regard to frequency of ovulation_(xg(2)=8.2,

p <.01). Nine out of 10 rats exposed to shock stress failed to ovulate
in response to PMS provocafion. All the rats in the ﬁon—étress-nbn PMS
group ovulated at first oestrus.

Gradual rehabilitation groups:

Shock stress inhibited ovulation in the gradual rehabilitation
group given PMS. All the non-stressed rats reéeiving PMS ovulated.

Low weight maintenance groups:

Shock stress inhibited ovulation in the low welght maintenance
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group given PMS,
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Surface appearance of ovaries:

The mean number of sufface‘corpora lutea and ovarian follicles
are shown in Tab1¢ 44, The data of the full rehabilitation, gradual
brehabilitafion and low wéight maintenance groups were analysed separ-
ately.

Full rehabilitation groups: -

Analeis of variance revealed no significant difference between
the 3 groups with regard to the number of surface corpora lutea
(p>.05). However, group 3 had significantly fewer ovarian follicles

than the PMS injected groups.'

Gradual'reﬁabilitation groups :

Analysis of variance revealed no significant difference between
the 3 groups with regard to the number of surface corpora lutea
(p> ~05)-, No follicles were visible on the surfaée of the ovaries
of group 6 rafs and a_Student's,t<test revealed that group 5 rats had
significahtlyvfewér follicles than group 4 rats (£j8)§8.27,£_<,01, 
two-tailed). |

Low weight maintenance groups:

Analysis of variance revealed that gfoup-Q had significantly fewer
corpora lutea than groups 7 and 8. No follicles were_visible on tﬁe '
surface of the ovaries of group 9 rats and a Student's t test revééledv
that group 8 rats had significahtly fewer foilicles than grbup 7 rats.
(t(8)=5.06, p <'.01,'_two;ta11ed). | |

Body and organ weights

Thé changes in'body and organ wéigﬁfé‘are summariied'in Table D2.
in Appendix D. Since'théscdatalzg ndf directly pertineﬂt to the
objectives of tﬁe preseﬁt'study they will nof be described in detail.

' Under all 3 diétary regimens the pituitéry, ovarian and uterine

'weights"of the PMS injécted'grqups were sighificantly greater than
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those of the non-injected groups, in both absolute terms and relative
to body weight. There were no significant differences between the 3
groups, within each dietary regimen, with regard to adrenal gland

~ weight, either in absolute terms or relative to body weight.
Discussion

The resuits confirm the earlier findings (Experiment 10, Chapter
4) that ovulation may be induced by means of PMS administration in
non- stressed rats on the gradual rehab111tat10n and low welght ma1n-
tenance reglmen at times when they were still well below the body
weight normally associated with ovulation.

PMS failed to induce ovulation in the gradual rehabilitation and
‘low weight maintenance groups.subjected to daily shock stress during
‘rehabilitation. Similarly treated, non-stressed control rats all res-
ponded to PMS provocation by ovulating. Stress treatment inhibited
ovulation in 9 out of 10 full rehabilitation group‘rats.given PMS.

These findings indicate that the inhibition of ovulation caused
by shock administration persisted despite PMS injection. - The failore
by stressed rats to ovulate in'response to PMS'provocation was, pre-
sumably, due to the absence of 'an ovniatory surge of LH. This does
~not appear to be:related to ovarian refractoriness since ovarian
weight was increased'and the uteri showed changes consistent with'
adequate gonadal steroid stinulationt

It is reasonable to propose that the hypothalamus failed to res-
pond in the normal way to the p051t1ve feedback action of oestrogen.
This be1ng the case, the hypothalamus nould not have secreted suffic-
ient LHRH to prompt the endogenous LH surge It is proposed that the
functional state of the hypothalamus’was_disturbed as a result of .

shock induced stress. Anatomical Considerations have led most
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invéstigators to propose theihypothalémus as the site at which psy-
chological fa;térs (stress) exert a disruptive effect on the reprod-
uctive cycle (Bajusz, 1967).

It would appeér that the effect of the stress treatment was not
dependent upon the étringeﬁcy of the dietary regimen imposed follow-
ing caloric restriction. Inhibition of PMS-induced ovulation was ob-
served under ail dietary regihens,ranging from full rehabilitation to
intake resfricfed to 10g basal diet ber déy. ‘Common to all groups was
~the caloric rgstriction phase,weight loss and the subsequent anoestrus
'(induced-by this restrictiqn). It would appear that, in rats recover-
ing from nutritionally induced anoestrus,ithe hypothalamus is more
sensitive té the effeéts of stresé than in fully fed animals. That is,
.the‘Hypothaidmus remaiﬁs relatively resistant to the effects of
stress when imposed on the animal.that is fully fed. However, when
rats are recovéring from nutritionally-induced anoestrus it appears
tﬁat a hypoﬁhalamic‘dysfunction persists due to the influence of -
stress factors. In conciusion; the résulté of the present research
suggest that a period of emaciatibp is 1ike1y to rendér the hypothal-
amus more s¢nsitive to the effects of sfress both during caloric dep;

rivation and during recovery from the nutritional disturbance.

Concluding discussion

The resuits of the.experiments described in this séctioh'indicate
‘that shock stress exerts a more_diSruptive effecf‘on the reproductive
cycle when presented while rats are being subjected to or are recover-
ing from caloric restrictiéﬁ. |

Shoﬁk stress induéed by the daily.édministration of 3 unpredict-
able shocks‘accelerated the onset of anoestrus,duriﬁg caloric

deprivation and delayed the resumption_of cycling of rats for the
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duration of stress administration, despite restoration of normal
weight.. These.résultg suggest that the caloric deprivation treatment
had fhe effect of'increésing susceptibility to stress, presumably at
the hypothalamic level. o

The results of thelfinal experiment indicate that there was a per-
sistent dysfunction, probably at the hypéthalamic level, as a result
of stress administration during rehabilifation.‘ Since the stress
treatment alone was not successful.in inhibiting ovulation in fully
fed rats, the‘résults suggest that thé peribd of caloric_restriction
was the important factor in establishing the enhanced susceptibility
of the.hypothalamus'fo stress factors. The proposition that the
earlier period of caloric restriction was the crucial determinant of.
the dysfﬁnétion, rather than the nutritional status at thé time of PMS
administration, is Supported by the observation.that ovulation wés
blocked after 10 days rehabilitation in rét; fed the basal diet ad
libitum ti28g/day) as well as in rats fed only 10g bésal digt/day.
These findings add support for the hypothesis that the failure by
stressed rats:to ovulate in response to PMS provocatioﬁ was the res-
ult of a_hYpothalémié dysfunction, initiated by caloric restriction

but prolonged by stress.



ChaEter 7

SUMMARY AND CONCLUSIONS

The present research.was prompted'by the number of unresoived
issues st111 surrounding the-aetiology ofvsecondary amenorrhoea in
anotrexia nervosa.

By means of animal experimentation it was possible to carry out
investigations which would_haVe’been impractical and unethical with
human subjects. A number of investigators have afgued for the place of °
_expérihental.animals‘in fhe study of malnutrition (Platt, 1968;
Widdowson, 1968).. Although theré are differénces in the reproductive
cycles of huﬁans and rats the hormonal mechanisms regulating the oest-
rous cycle of the rat:are essentially the same as those regulating the
human menstruaivcycie (Bentley, 1976;.Te§perman, 1973).

Using animal subjects, the changes in reprodpctive physiology from
‘the beginning of calqric deprivation_through to the peribd of emaciat-
ion and cessation of oestrous cycles were investigafed. The physiol-
ogical changes associated with nutritional rehabilitatioﬁ and recov—'
ery of the reproductiﬁe system were then estéblished. A laboratory
approach also allowed for the separate investigatibn'of the effects of
caloric deprivation and stress induction on reproductive function. |
This was followed by an investigatioﬁ of the combined effects:bf cal-
oric deprivation and stress induction oﬁfreproductivevfunctibn during
the weight loss ahd rehabilitétion phases. To date there have been no
published studies on work of tﬁié nature. |

The investigatioh of the effééts of systematic reductionvof‘the
caloric component of diets.produced_a number of peftinent'findings.‘
The resulfs indicated that the mechanisms controlling the regulation
of the oestrbué cycle were resisfant to relatively severe caloric dep-
rivation. It was dnly‘after the complete iembval of both the carby-

hydrate and fat components of the diet that anoestrus was consistently

216
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observed. This finding does not provide support for the notion that
changes inveating patterns without causing significant weight loss may
be responsiblé for the onset of amenorrhoea in human females. Shearman
t1969) observed that‘téenagers dieting for coémetic.reasons showed an
abrupt onset of~ameﬁorrhoea’preceding significant weight loss. A more

likely explanation for this observation is that psychological factors

related to their needs for cosmetic change'are_implicated. A high

-incidence of menstrual dysfunction has been observed in adolescent

women with.emotional prdblems (Fries et al., 1974; Jeffgoate, 1965;
Rakoff, 1968).

‘The results of the present study indicated that, in non-stressed

" rats subjected to involuntary food restriction, the reduction in serum

LH levels and the onset of anoestrus was related to weight loss.
Althoughltheré were within group differences the average body~Weight
of the rats at the onsét of anoestrus was 18—19% below initial body
weight. Investigations .of patienté‘with anofexia nervosa have reveaied
a similar relationship between reduced plasma'LH levels and_wéight loss
(Beumont et al., 1976; Brown_et'alr, 1977). In one of the few studieé
of endocrine changes occurring during a period:of voluntary Weight
loss Beafdwood_(1974) fouﬁd'that'Obese patiénts ohly became amenorrho-
eic aftef losing 16kg in weight. |

Contrary to thé fihdings of Howland & Skinner (1973), th reported

a dramatic reduction in serum LH levels within 24hrs, severe dietary

- deprivation did not cause a rapid depletion of serum LH. It'took more

than 7 days feeding on fhe‘dextrin and fat frée(DFF) dietibeforé a
significant reduction in serum LH concentration was obserVed.. In the
absence of stress apart from>that associated with reduced food intake,t
severe caloric restriction did not exert a direct and immediafe effect

on the mechanisms regulating the oestrous cycle. Rather, the sustained
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observafion that correction of body weight is a pre-requisite for
resumption of menstrual cycles in hﬁman females;

In the ﬁfesenf study weight gain during rehabilitation was accomp-
anied by a progressive increase in serum PH concentration} Within 2
Qeeks after the start of rehabilitation normal serum LH levels were
observed. 1In some cases of anorexia ﬁervosa weight gain during rehab-
ilitation is accbmpaniéd‘by an increase in gonadotrophin'and gonadal
stéroid levels aﬁd the return of menstrualnfunction (Beumont et al.,
1976; Crisp et al., 1973; Marshall & Fraser, 1971; Wékeling et al.,
1976, 1977). 1In those instances in which gonadogrophin levels do_risé
to normal levels there apbears tb be a relationship between weight gain
and increased gonadotrophin levels. Beﬁmont et al. (1976) found a
.linear correlation betwéen gonadotrophin levels and body weight. 1In
other casés, however, basal LH levels remain iow even after restoration
of normal weight (Nillius § Wide, 1977; Wakeling et al., 1976) and some
females may rémain amenorrhoeic for years after regaining weight
(Russell, 1969). .The patients who fail to menstrUatevcontinue to show‘
an absehce of cyclical chaﬁges in gonadotrophiné and oestrogens that
Characferize the normal menstrual cycle (Bell et al., 1966;vCrisp et.
al., 1973; Russell § Beardwood, 1968).

‘A numberlof_explanations have been foered tb account for the per-
sistent émenorrhoea found in some‘andrexia nervosa patients after the
restoration of normal bddylweight. MecklenBUrg et al.‘(1974) pro-
.posed that the failure to resume normai.fhythmical changes df gonado-
trophin and gonadal sﬁefoid secretion may be a COnseQuence of damage
to -the hypothalamus caused by éfarVation. They suggéSted that per- :
sistent defects of'wéter balénce and fhermoregulation in some patients
may be due.fo irreversible.éhanges in hypothalamic function ¢aused‘by

the earlier malnutrition.‘.in,the present study there was no apparent
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_evidence of pérﬁanent damage caused by the nature and duration of the
’:malnutrition imposed. It Shouid be conceded that only the -.reproduct-
ive system was investigated and fhat other hypothalamic functions were
not examined,.:However, dufing rehabilitation'studies.it was found that
the rectal témperature of raté.returned to normal when body weight

was restored to nofmal leﬁeléx

Russell (1969) suggested that the severity and duration of emac-
iation may accounf‘for'the differeﬁt secretory patterns found in rehab-
iliated anorexia nervosa patients. Brown et al. (1977), however, found
no relationship between basal LH levels and duration of amenorrhoea.
The results of thé.present research indicatedbthat prolonged emaciat-
ion did not result in a délay,in'the recovery of reproducti?e.function
duriﬁg nutritional rehébilitation. Rats which were subjected to ext-
ended emaciation and then rehabilitated at a reduced pace resumed
oestrous cycles when they reached the body weight normaily associated

with spontaneous resumption of oestrous cycles.

In the preséht‘étudy there was no evidence that nutfitional fact-
ors caused prolonged disturbance of reproductive function of non-
stressed rats previously subjected to involuntary malﬁutrition. How-
ever,.mére than phylogenetic differences distinguish the experimental
animéls fromvanorexia nervosa patients. Apart from differences in the
voluntary/involuntary nature of food restriction there is gléo‘the |
promiﬁeﬁt psychological disturbance characteristic of énorexia nerv-
osa. Whereas the émaciated rats ate voraciously until_nbrmal weight
was restored anorexia nervosa patients are kﬁowh to resist attempts.to
fehabilitate themv(Bruch, 1965; Crisp, 1967;_ﬁa11y,'1969). Furthefmore
restoration of normal body weightvis hot-always éccompanied by resol-
ution of the psycholbgical disturbance. Mécklenburg et al. (1974)

claimed that the traditional view to which most psychiatric
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investigators subscribe is that the endocrine disorder 'is due to a
hypothalamic d?sfunction induced by psyéhological conflict. As Beumont
(1970) observed social, sexual and emotional adjustment may remain un-
satisfactory despite improVément of the physical state.' Dally §
Sargent (1966) suggésted that normal menses return in anorexia nervosa
patients only after psychological disturbance has been resolved, in
addition to them maintaining normal body weight. A.number of other
investigators have pfoposed that residual psychological disturbance
- may be responsible for the pfolonged menstrual dysfunction observed in
some anorexia nervosa patients after the nutritional disturbance has
been corfectéd (Beardwood, 1975; Russell, 1972a; Wakéliﬁg et al., 1976,
1977).l The possible role of psycﬁqlogical factors in.prolonging the
amenorrhoea will receive further attenfion later in this chapter.

Pharmocological studies aimed at determining which component(s)
of the hypothalamic-pituitary-ovarian (HPO) axis were dysfunctional
produced results prbviding additional support for the assertion:that
the hfpothalamus is the primary site of dysfunctiqn during inanition
(Campbell et al., 1977).

Administration of LHRH to non-stressed, emaciated rats resulted
in an abnormally iow LH response. A normal responsé, however, was
observed in,rats.whose pituitaries weie primed with LHRH before the
bolus injection of LHRH; There is physiologiéalieVidence that; under
normal conditions, LHRH exerts a priming.effect on the pituitary (Aiyer
et al., 1974; Blake, 1978; Gordon § Rgichlin, 1974; Legan & Karsch,
1975; Zeballos §& McCann; 1975). 1The}norma1-LH fesponse Shown»by emac-
iated rats aftgr LHRH priming suggests a féilure by the hypothalamus to
éecrete sufficient LHRH to maintain normal.pituitafy gbnadotrbphin sec-
retion. These findings suggest that the disturbénce of pituitary funct-

ion is secondary to a hypothalamic dysfunction involving decreased
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synthesis and/or release of LHRH. The finding of reduced hypothalamic
content. of LHRH in underfed rats (Piacsek § Meites, 1967) suggests
.that synthesis is impaired. |
" The LH'respanse to a single injection of LHRH during the acute
phase of anorexia nefvasa-has been found to be absent in some patients
(Nillius § Wide, 1977; Mecklenburg et al., 1974) and normal in others
CAono.et a1.,'1974;iMortimer et al., 1973; Wiegelman § Solberg, 1972).
However, the majority of patients, when below 70% of standard weight,
show an impaired LH response similar to that found in ‘emaciated rats
(Beumont et .al., 1976; Crosignani et al,, 1974; Nillius § Wide, 1977;
| Sherman ef al., 1975). | |
Treatment of patients, during the acﬁfe phase of anorexia nervosa,
with prolongéd LHRH administratian.has produced findings similar to
those found in emaciatad rats primed with LHRH (Aono et al., 1975;
Nillius et al.,.1975; Nillius & Wide, 1977). The effectiveness'of
_ prolonged LHRH treatment in inducing dvulatory meﬁétrual cycles led
Nillius & Wide (i977) to'prOPQse'that reduced secretian of pituitary
gonadotrophins in anorexia nervoéa»is secondary to a dysfunction af fhe
hypothalamic rather than at the pituitary levei. Patients with org—
anic lesions of the pituitary do not‘show enhanced LH‘résponses fol-
lowing bfolongéd'LHRH tests (Aono et al., 1975) . |
Tﬁe administration of 2ug oestradial benzoate:tOB) to emaciated,
anoestrous rats failédvto induce ovulation or elevafe serum LH ievels.
-These findings aré similar to those of Wakeéling ef al. (1977) who.iep—
orted that anqre#ia'nervosa patients, during the acute phase, failed
to reapond with positive feedback release 6f:LH to oestrogen administf
ration. In their patients.positive feedback éffects were observed

only after the restoratibn of normal body weight.
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Convincing evidence that the hypothalamus is the primary site at
which oestrogen exerts its positiyé'feedback effect has been presented
(Gbodman, 1978b). The preéent failure of OB to inducelovulation or
elevate serum LH levéls provides strong support for the proposition by
Wakeling et al._(197?) that the ability of thé hypothalamus to respond
to the positive feedback effects‘of oestrogen is impaired during states
 of inanition. |

The adminiétratioﬁvdf 201U of pregnant mares' serum (PMS).gonado—
trophin to emaciated;apbéstrous rats produced results conéistent with
ovari#n responsiveness to gonadotrophin stimulation. It is proposed
that thefinébility of PMS to induce ovulation was due to the failure
by the hypothalamus to:respond to the positive feedback effects of
endogenous oestrogen rather than to inadequate oestrogen production.
The overall pattern of findings was not suggesfive of refractoriness
‘ of the.ovarian follicleﬁ, |

PMS was administefed to rats being rehabilitated nutritionally
witﬂ the baéal diet, but at a reduced pace;‘ PMS-induced ovulation
occurred at times when rats were well below the body weight-normélly
associated witﬁ'spontaneous resumption of oestrous cycles., These res-
ults suggest that fhe dysfunctional areas, presumably_in the'hypqthal-
amus, are'sensitivé'to‘the availability ofia diet containing.a relat-
ively high prbpoftion_oficarbohydrate and fat. .The:HPO aXis became
more résponsive to PMS provocation after sﬁall quanti}ies of basal
diet were made availabie. Earlier results, however, indicated_that the
HPO axis doesvnof become fully functional untii'weight‘loss is cor-

- Tected. Sponteneous resumption Qf'ovﬁlatory cYcles during rehabilit—.
ation occﬁffed only when the rats‘had.attained a.body.weight'almost
equal to-fheir'initial body weight.

Clinical observations indicate that psychological factors are ‘
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prominent not only in inifiating weight reducing strategies, but that

a coﬁplex psychopathology may persist in anorexia nervosa patients

even afterlreétoration»of.normal body weighf (Beumont, 1970; Bruch,
 1965; Crisp, 1967; bally,‘1969;vDally & Gomez, 1969). Clearly it was
not possible to induce a staté of stress in rats that could be equated
with the”psycholégical disturbance of anorexia nervosa. An attempt was
made, however, to determine the natﬁre and duration of stress treat-
hents capable of altering serum LH levels and disrupting the repro-
ductive cycle of fully'fed femalé rats.

A variety of stressérs were employed in an attempt to alter basal
serum LH-levels, block the pro-oestrous LH surge, and induce anoestrus.
In contrast to the findings of Euker et al. (1973) and'McKay et al.
(1975) restraint stress administeréd at oVerlapping intervals between
0900-1700h on pro-oestrus did not block the LH surge or inhibit ovul-
ation the fdllowing day. Contrary'to the findings of Riegle § Meiteé
(1976), who reﬁorted that‘chronicvrestraint was sufficient to block
ovarian.cyclicity, chronic restraint failed to induce}anoestrqs in
thevstrain of Long-EvanS rat uséd in fhis fesearch. It is likely thaf
.the discrepant findings were due to speciés Aifferénces and/oi the |
nature of the stress treatment.

Of the other stress tréatmehts investigated, unpfedictable‘éhéck_
.appeared“to be the most potent stressor. However, thé daily administ-
ration of'unpfedictable shock alone was incapable of éausing wide-
spread anoestrus. In the final series of éxperiments~unpredictabie
shock Was‘administeréd to rats during the caloric aépriVation and nut-
ritioﬁal phases in ordérito determine whethgr thé inferior‘nutritiona1
status resulted.in an increase in the susceptibility‘of the repréduct—
ive system to the1effects of stréss.

A significant finding was that.the stressor which proved to be
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unsuccessful in inducing widespreéd anoestrus in fully-fed rats,
' eXerted a profoﬁnd effect on cyclical activity when rats were subjected
to,'or were récovering from severe caloric restriction. The onset of
anoestrus was hastened during the weight reduction phase by daily‘
stress treatment. This suggests that nutritional and stress factors
‘interacted in accelerating thé disfuption of the oestrous éycle. A
similar interaction may occur in'precipitating fhe onset of amenorrhoea
in some anorexia nerVoSa;patients after moderate weight loss.
| Imposition of stress during the‘fehabilitation phase prevented
. , _

the resumption of oestrous cycles even after normal body weight had
been restored. If was only after the termination of stress treatment
that oestrous.cycling resumed. The results indicate that 5 days were
required before the HPO axis beﬁamé fully functional again after the
fermination of stress. - |

It has been.emphasised thét.the psycholdgical disturbance is prom-
inént throughout the course of anorexia nervosa, perSisting even after
fﬁll nutritionai rehabiiitation'(Beumont, 1970; Bruch, 1965; Crisp,
1967). As Wakeling et al (1976) observed it ié often the'lasf'aﬁnqrm_
ality to become resolved. A nunber of investigators have proposed
‘that psychologiéal factors may bé-responsible'for the persistent amen -
orrhoea found in some patients after recovery of normal body weight
(Beardwood, 1974, Délly & Sargent, 1966; Russell, 1972a; Wakeling.et
al., 1976). Beardwood (1974), for example, suggested thét the phasic
secretion'of:gonadbtrophins in anorexics may-be.morg_réadily affected
by psychological stress than by weight factors. The present findiﬁgs
provide stroﬁg éxpérimentél>supp9rt for the asseftion that streés'is
capable of gfossly proionging the résﬁmption ofvreproducﬁive ﬁycling
after successful nutritiénai réhabilitation;i

It has also been suggested thatAresidual psychological disturbance
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éould account for the atypical;reéponSes to oestrogen provocation and
clomipheﬁe citraté stimulation obtained with some anorexic patients
(Wakeling et‘al., 1976, 1977). In the present study stress treatment
inhibited induction of ovulétion by PMS in rats whose body weights were
both above and below initiai body weight. Since PMS adhinistration
- succeeded in inducing ovulation in non-sfressed rats the findings ind-
icate that the stréss cqntributed to or exacerbated an existing dys-
function of the ovulatofy mechanisms.. With eVidence‘indicative of
adequate gonadal stgroid.secretion,.the results suggest that fhe hypo-
thalamus failed,to respond to the positive feedback action of oestro-
gen.  The abseﬁce of a Seéondary LH peak in response fb clomiphéne
stimulation led Marshall et al. (1973) to propose that the hypothal-
amic positive feedback mechanisms are impaired in some anorexia nervosa
pétients;

That prolongation of anoestrus by stress treatment was dependent
- upon a pfior period of caloric deprivation and-weight 1st was evid-
ent from the‘finding that the. stressor alone was incapéble of inducing
extensive anoestrus. Furthermore the earlier inanition, and not the
body‘weigﬁt at fﬁe time of PMS injection, appeared to bé the,defermin—
ant of the énhénced‘susceptibility td étress; Inhibition of ovuiation
was fouﬁd in PMS-injected fatsvweighing more than their initial body
weight as.well.as in rats still‘SO%gbelow-ihitiai body.weight.. It is
'.'pfoposed that fhe functional state of the.hypothaiamus.was initially.
disturbed by caloric.deprivatioﬁ and weight ‘loss and_that.impositioﬁ
‘ of stress acted to3prolbpg this_dysfunctidn.- Thét is, the gtréss‘had
-~ the effect of preventing the.réstoratiqn of-normai.HPO-functioh thaf
‘typically follows nﬁtrifional rehabilitation., |

It is possible that a similar étfess related dysfunction occurs

in anorexia nervosa patients who fail to resume menstruation or who
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show atypical response to prOVOcatiqn tests after restoration of mner-'
mal body Weight. Thé persiétencé_of amenofrhoeé due to residual psy-
_chological disturbance may not neceséarily be contingent upon a pre-
existing, nutritidhally induced hypothalamic dysfunction. It has been
established that some patients beéome amenorrhoeic prior to the onset
of dieting or before signifiéant weight loss has occurred (Kay §
Leigh, 1954; Kanis et al., 1974; King, 1963).

" The questions of Qhere.and how the aetiological factors are oper-
éting in producing disturbances 6f reproductive function have yet to
be answered to the safisfaction'of all investigators.‘ At the present
stégé we are in a bettér position to address ourselvés'to the question:
Where? |

The results of this and.other studies in which laboratory animals
were employed indicate that the reduced gonadotrophin secretion assoé;
iated with involuntary inanition is due, hot_to primary pituitary dis-
turbance, but to a functional hypothalamic defect (Campbell et al.,
1977; Piacsek § Meites, 1967). Endocrine investigaﬁions»of anorexia
nervosa patients héve led researchers to arrive at a'similar con-
clusion that these patients héve a hypothalamic defeét (Aono et al.,
1975; Marshall et al., 1973ﬁ Mecklenbﬁrg et ai.,v1974; Niilius & Wide,
1977; Roth et al., 1972; Wakeling et al., 1976, 1977). However, as
Mecklenburg etval.v(1974) observed; the.origins of the hfpothalamic
defect remain obscure. Whether it antecedes, coincides or'is a con;
sequence of the illness remains ﬁﬁdetermined. Whiie it is pﬁssible
that the weight 1Q$s in'anorexia:nervosa is a consequence of a primary
hypothalamicvdefect'the present evidenée'indicates that malnutrition-
along can éause a disturbance of hypothalamic function.

- The role of psycﬁological stress factors in the‘aetiblogy of

amenorrhoea in anorexia nervosa is not fully understood. It has been
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proposéd that psychological factors acting at the level of the hypothal-
amic inhibit the régulation of gonadotrophin secretion (Klinefelter
et al., 1943; Mecklenburg et ‘ale, 1974; Russell, 1972a). Aﬁatomical
considerations, have 1ed most investigatbrs to prOposé the hypothalamus
as the site at which psyﬁhological stréss factors exert a disruptive
effect on the reproductivé cycle (Bajusz, 1967). The results of the
present study support the notion that stress exerts an effect at the
hypothalahicbievel. ~The finding that stress inhibited induction of
.ovulation by PMS:suggests a functional hypothalamic defect since hypo—
thaiamic positive.feédback mechanisms are presumably involved in PMS-
inducéd ovulatioﬁ (Ying & Greep, 1971b).7 That it was a functional
disturbance was demonstfafed by the resumption of spontaneous ovulat-
ory cycles after the withdrawal of stress.
At present we are not in the position to make confident state-

ménts about "how“ the aetiologica1>fa¢£0rs exert avdisruptive éffect
. on reproductive function. The mannef in‘which malnutrition alteré
cellular functiQn in the hypothalamus is not yet knan and the neural
and neuro-endocrine mechanisms by which stimuli emanating from higher
centres alterfhypothalamic.function and gonadotrophin éecretionvare.
yet to be eluéidated. "With the increasing sophistiéation"of inVestig-

ative procedures it is antiéipated'that the pathways and mechanisms

. involved in reproductive disturbance will some day be understood. .
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" The purpoée of thiststudy'waé to obtain the normal grthh chart of

individually housed rats fed standard pelleted feed and water ad libitum.

Method

Twenty 5 week old Long Evans female rats were housed in individual

cages and allowed free access to pelletedvrat food and water until they

were 15 weeks old. Body weight was recorded at regular intervals,

Results

Body Weight; at weekly intervals, and the mean weight gain per

week ‘and per day are shown in Table Al.

Table Al

Body weight of female Long Evans rats fed pelleted
food and water ad libitum from age 5-15 weeks (n=20)

Mean Body Weight

Age Mean Body Mean. Body Wéight
{(in weeks) Weight + SD gain/week gain/day
S (g) (g) (g)
5 132.6 + 21. - "
6 160.6 + 22. 28.1 4.0
7 187.8 + 21. 27.2 3.9
8 215.3 + 21. 27.5 3.9
9 231.1 * 22. 15.8 2.3
10 246.9 * 21, 15.8 2;3
'11- 258.9 + 22. 12.1 1.7
12 265.9 + 23. 7.0 1.0
13 274.4 £ 22. 8.5 1.2
14 281.8 + 24. 7.4 1.1
15 . . 288.3 + 24, .93

S
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_ Appendix A.2

Supplementary study no.2

The édrpo;e of this study was to determine whgther the basal
diet WAS nutritiohally'adequate to Support body growth and to maintain
normal oestrous cycling. Stéted more specifically the aims of this
- study were:‘ |
(i) to compare the growth rate of sexually mature rats féd
thé basal diet Qith the growth rats of rats fed crushed
pelleted rat food and rats fed pelleted rat food;
(ii) to compare the consumption raté of rats fed the basal
diet Qith that of rats fed the crushed pelleted food.
An additional aim of this study was to detérmine the extent of
spillage of food ffom the feeding jars.
A Method
Twenty sexually mature female rats withlregular 4 day‘cycles,were
fed crushed pellets in feeding jafs for 8 days (adaptation to eating
from feeding jars)f Body weighf, food éonsumpfidn_and vaginal smears:
were monitored daily. |
On day 1 of the experimental phase.the rats were allécated to one
“of 3 grngs {n=10 eacﬁ) so that thé mean body weight.of eéch group was
.approximately equal. For the foliowing 10 dajs: o
Group 1 re;eived the basal dict and water ad libitum;
Group 2 réce?ved thé crushed peliets and water ad libitum;
Groﬁp 3 feeding jars were removed and thé rats were giyen-
inimited access to pelleted.food,and‘water.
-.The daily consumption rates of groups 1 and 2 were measured at
1000h eaéh déy. - The body weight and vaginai smears of all rats were

monitored daily.
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During the experimental phaée a small tray was mounted under the
grill floor, below the fced jars of 5 rats fed the basal diet and
5 rats fed thé crushed pellets, Thé amount of food spilled into these
trays.was meaéured déily.' ”
| Results

Body weight and food consumption: The mean body weight and consumption

rates are shown in Table A2. The'body weight'values for day 1 are those
measured before the introduction of the new diets at 1000h. The cbnsump—
tion rates on day 1 represent thé.quantity of crushed pellets eaten during
the 24 hour period up_to'1000h on day 1. The consumption rates of the
basal diet and crushed peliets groups on day 2 represent the 24 hr conSump-
tion of those aiets from 1000h on day 1 to the same time 6n day 2.

. Table A2 s
Body weight and food consumption rate of rats on 3

different diets over a 10 day period (means * SD)

Nature of diet

Basal diet | - Crushed pellets Pellétedvfooa
DAY Mean Body Mean '.v Mean body Mean » Mean body
weight+SD consumption*SD weight+SD consumptiontSD  weight*SD
(8) (g) (8 (8) (g)

1 249.1%5.8 17.6% .842 1248.5%6.2 17.8+1.2% 249.915.6
2 v246.7t6.2 14.1t1.9b' 250.4£6.0 18.0+ .67 251.9%5.6
3 245.5%6.5 16.7+ .95b 251.5%5.7 18.0+1.2 vv252.815;8
4 249.1%6.2 S 18.2¢ .63  252.9%5.5 '  17,8i1.1‘ 253.7%6.0
5 '251.2t6.3 18.4t w70 - | 254.3+5.0 .- 18.1% .99 255.3+6.0
6 252.1+6.3. '17.9£ .99 256.7+5.6 17.9+ .88 256.5%6.1
7 254.9t6;4 ©18.0% .67 258.9£5.5 17.8+ .79 -257.6%6.2
8 258.0t6.0 | 18.1+ .99: . 260;0&5.6 17.8+1.1 259.2%6.3
9 . 260.9+5.8 18.2+ ;92 260.8t$.3 i8.1t .99.' 260;3;6.0.
10 263.7t5.2: 18.2+1.1 262.045.4 18.1t1.1'_ 261.6%6.5

a All consumption rates on day 1 represent quantity of crushed pellets
-eaten in the 24 hr period up to 1000h on day 1.
b Significantly less than crushed pellet diet group (p < -.01)
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Analysis of variance revealed no significant difference in mean
body weight of the 3 groups at any sfage during the 10 day period
(p >.05). All grouﬁs showed an increase in body weight (p< .01).
Analysis of variance revealed thaf the mean consumption rate of
the basal.diet group Qas significantly lower than that of the crushed
vpellet»diet;group on days 2 and 3 (p < .01), Thereafter there was no
significant difference between the two groups.

Vaginal smears: Apart from 2 rats showing a single 5 day cycle, one in

the basal group and the other in the'pelleted food group, all rats
continued to display normal oestrus cycles.

Food spillage: The amount of food spilled from the feed jars varied

but, on average, it was found to be less than 2% of the total amount of
food consumed. |
Discussion

The results indicate that the basal diet is capable of supéorting
normal growth; Reproductive cycling Qas not impaired by the introduction
‘of the basal diet. The initial drop in consumption of the basal diet did
not have a laeting effect on body weight.' However, it did indicate thev
need to employ an adaptation period to the basal diet to allow consumption
rate and body weight to stabilize. |

The amount of food spillage was so small that a correction factor

was not employed.
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- .Appendix A.3

Supplementary study no.3

The aim of this study_was to.determine.whether the rats displayed
a preference for either the basal diet or the crushed pellets when given
the choice. The purpose of this study was to eliminate the possiblity
that the different consistency and flavour of the basalldiet caused the
rats distress. It was reasoned'that in a-setting of free choice the
rats would avoidvthe baeal diet if it caused them distress,

Method

Twenty female rats were allocated to one of two groups (n=10 each)
so that the mean body weight of each group was approximately the same.
One group was fed crushed peilets and the etner the basal diet for a
period of 5 days; Thereafter both groups received a second feeding jar
in their cages containing the alternate diet; the position, in the cage,
of the original diet remaining the same. All subjects were then allowed
free access to both diets for 7 consecutive days and daily consumption
of each diet was recorded.

'..Results'

The quantities of eacn diet consumed were summed to give the total
daily consumption. - The percentage of the-total COn$umption for each.
diet‘wasgcalculated. The consumption of eacn diet, over d 7 day.period,_
‘expressed in terms of percentage of ‘total conSumption; is shown in Table A3.

‘A Student's t test, for independent samples, was perfermed using the
percentage of-theirderiginal diet eaten by each group during the 7 day
cnoice period as the deta for analysis_(Columns 2 § 3, Table A3). . The
results indicate tnat rats, preuiously'fed either-basal diet of crushed
pellets ate significantly more basal diet thenrcrushed pellets when given
thebchoice for 7 days (t(12) = 8.86, p <.001) . It wae concluded that
the basal diet was a‘palatable‘one and'thatvit*weuld provide'no'source of

distress to the rats.
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Table A3

Food cdnsumption, expressed as percentage of total daily
consumption, of two diets offered simultaneously to
groups previously fed basal diet or crushed pellets

Previoﬁsly fed

Crushed pellets ] Basal diet

)

% of total daily consumption

wizﬁyZiet Basal diet Crushed pellets Basal diet Crushed pellets
choice :
1 86.8 13.2 51.7 48.3
2 737 2.3 53.3 46.7
3 64.3 . 35.7  62.1 37.9
4 70.5 . 29.5 . 70.8 29.2
5 73.5 - 26.5 69.0 -~ 31.0
6 79.8 2002 . ma1 . 25.3
7 76.1 23.9 a7 25.3

Column (1) (2 (3 N 5
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~Appendix A.4

Supplementary study no.4

In keepiﬁg wifh the tradition adopted by some experimental
nutritionists (Leunglét al., 1968; Stéad & Brock, 1972) an attempt was
made to train the rats to adjust to a feeding regime in which access to
food was resfricted to a single daily 2 hour pefiod,

Thé rationale for the ”inferValvfeeding” is, presumably, to control
the time of intake acréss_all éxperimentalianimals. After a period of
interval feeding‘fraining, rats that have gained'approximately the same.
amount of weight and are consuming about the same abount of food are
selected for expéfimentation (Léung, et al., 1968).

The aim of the present study was to train rats to eat their daily
requirements of the basal diet dﬁring a single daily 2 hour interval.

The period of training was;extendedvovér a 2 week period.
Method

.Twenty female rats with regular 4 day cycles, underwent a period of
adaptation to eating theAbasal diet ad libitum from feeding jars. Subjects -
wererthen-allocated'to'one of two groups (n=10 each) so tﬁat thg‘méan body
weight of each gidup Waé approximately equal.

At 1900h on day 1 ofvthe experiméntél period-the feeding jars were
removed ffom_the cages of the experimenfal group and replaced 22 hours
later, at 1700h’on day 2. After a 2 hr period of access to the basal diet
the jars were removed and the 2 hf consumption rate was recordedg_ Free
' aécess to water was ﬁaintained throughout the study. The body weight of

experimental and qonfrol rats were recorded at 1700h on days 1 and 2 ahd_
at the samé time every second day thereaftef. The;é4 hrvconsumption rate.
.of the‘control group, féd the bésal diet and wéter ad iibitum, was measured

at 1900h each day. Véginal smeafé were taken each day from all rats.
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Results
Body weight: The changes in body weight are summarized in,Table Ad4. The
mean body weight values for day i were those.measured at 1700h on day 1,
before the basal diet wéé rehoved from the experimental group cagés for
22 hours; The body weight of‘bothvgroﬁps were recorded on day 2 and
every second déy thereéfter.
| Table A4

Effects of 2vhf.ihterval feeding schedule on body weights

Mean body weight (g) #SD

. Days on . '
‘'schedule Experimental group (n=10) Control group (n=10)

1  288.8410.7 288.0+9.8

2 . 275.1+10.6 289.2+9.6

4 - 265.9 + 12.9 291.1£9.4

6 | ; 262.0+14.5 292.7+ 8.6

8 ' _ 255.3%15.9 . 204.2+78.1

10 | : . .254.8% 14;3 295.9+7.9
12 . 251.3:16.3 | 297.8+ 7.7

uw f " 248.6+ 16.6 o 299.9+ 6.8

Analysis of variance revealed that the body weight of the
experimental group was sighificantly lower than that of the control
group on day 2 (p < .05) and remained significantly lower for the

rest of the experimental'period (p < .01).
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Consumption rate: For purposes of statistical analysis the consumption
ratés were grouped into 3‘day period (see Table AS5). The consumption
rate values for days 2-4 represent:
(i) in the cése of the expérimental group, the mean quantity
of food eaten during a single 2 hr period on days 2, 3 and 4,
(ii) in the case of the control group, the mean 24 hr consumption
raté up toIIQOOH on days 2, 3 and 4.
i " Table AS

Effects of 2 hr interval feeding schedule on food éonsumption

Mean food consumption (g) *SD

Days on
schedule Experimental group (n=10) Control group (n=10)
2-4  6.761.0 | 17.9% .31
5-7 :- - 8.7t1.2 - 18.0+ .54
8-10 - 9.141.5 ) © 18.2t .55
11-13 | | 9.7¢1.5 %‘ ©18.1% .68

14-17 8.7+t1.4 18.1% .42

Analysis of variance revealed that the consumption rate of the
experimenfal group was significantlyvloWer thén that of the control
group at all stages (p <;01). ‘The.mean consumption rate of the
experimental group during theuperiod 2-4 aayS»was significantly léwer _
fhan that during 5-16 (p < .01). Thére was no significant change in
the 24 hr.consumption'rate'of contfol subjects during the course of

the experiment.
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Vaginal smears: There was no cessation of cycling in experimental group

énimals.' However, the majority of rats (70%) in the experimental group
showed aberrations in the form of lengthened c;cles. Althoﬁgh a 5 day
cycle was the most common finding‘sohg'rats had 6 or 7 day.cycles with
additional days of either leucocytic smear patterns or vaginal
cornification. Only one rat in the control group. showed evidence of a
5 day cycle.
Discussion

"The mean body weight of rat$ on-a 2 hr interval feeding regime
'reﬁained'significantly lower than thgt of the ad libitum fed control
group from the second day onwards. The mean food consumption of the
expefimental group was'significantly lower than that of the control
group throughout the experiment. Furthermore, the majority of rats
on the 2hr interval feeding regime showed lengthening of their normal
4 day oestrous cycle. It.was for these reasons it was concluded that
the 2 hr interval feediﬁg procedﬁre was not an appropriate one to
employ in the series of nutritionai experiments. Normal growth and
the mainténance of normal oestrous qyciing was not observed with animals
on this feeding fegime.

These finaings appear to be inconsistent with the reports of
Dufort (1964) and Dufort ét al (1965) Qho c1éim that rats adjuét'to a
23 hr food deprivétion schedule within 15-21 days. However, fhey defined
édjustment in terms Of stable food infake and weight'gain (within groupj
but not ﬁecessarily equal to that of ad 1ibituﬁ_fed controls.

The présent_findings ére more coﬁsisfént with those of Reid §& Finger
(1955) who found that, after 35_days.0n'a 23 hr fobd.deprivation schedule,
' thé meén'body weighﬁ and food consumption'rate was signifiﬁantiy lower.

than that of controls.
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Appendix_A}S

Supplementary study no.5

The'aim of this stpdy wésvto.detérmine whether normal food intake
(equivalent to 24 hr intéke of éd libitum féd rats) could be achieved
by allowing rats two daily 2 hr interval feeding periods.

| Method

After a period of adaptationltoveating the basal diet ffom feeding‘
jars 20 female rats Were allocated to one of two groups (n=10 each) éo
that thé mean body'weighf of each groPp wa;_approximately equal. At
2000h on day 1 the feeding jars of thé'experiméntal group were removed
for 12 hours untii 0800h on day 2. The experimental group were given
access to the basal diet'during the hburs of 0800-1000h (light period)
and again during the hours of 2000-2200h (dark period). Consumption
rates during both feeding-periodé wére measured and total consumption
was computed. ‘The 24 hr consumptiohirate of the control group, with
full access to the basal diet, waé also recorded. Doubié interval
feeding was contipued_for a further 5 days.

Resﬁlfs

The total consumption rate (2x2 hr feeding periods) of the
experimenfal group and‘fhe 24 hr consumption rate of the éontroi group
are summarized in Table A6. |

Analysis of variance revealed that the total conéumption rate
of the experimental grOup,was significantly lower than that of the
control group at all_étages (p- < ;01); There ‘was no significant change
in the total consumption rate‘of the expéfimental grbup during the

experimental phase (p > .05).
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Table A6

Food consumption of rats on a twice daily 2 hr interval
feeding schedule and control rats with ad 1ib access to food

Mean food consumption (g) * SD

Days on : .
schedule ' Experimental group (n=10) Control group (n=10)
A T
2 40111 6.861.2 11.741.9 18.2¢1.3
3 | 5.0+ .84 8.4%x1.8 ‘13.411.8 18.1+ .99
4 5.3% .67‘ 7.1£2.0 12.442.0 18.5¢1.1
5 ©5.4% .69 7.4%1.3 :12.8+1.7 18.3£1.1
6  5.4: .96 7.8+1.3 13.2:1.5 18.1+ .99
7 6.0+1.1  7.0% .é4§_13.0¢1,5' 18.3+ .94

* [ = Light period 0800-1000h

[ww)
It

Dark period 2000-2200h

=3
1}

‘Total consumption
Discuasion
Increasing access to food by a further 2 heur interral did not
result in food intake reaching control ralues " It was thus concluded
that this procedure could not be employed .in the nutritional experlments
of this series.
In a further series of studies, not repcrted on in detail here,

it was.fodndt. | |
(1) that the consumptlon rate of crushed pellets durlng a2 hr

feeding 1nterval d1d not dlffer 51gn1f1cantly from the

consumptlon rate of the basal diet. It would appear that

the basal diet did not lead to more rap1d sat1at10n than

the standard d1et



(ii)

(iii)

(iv)

242

the consumption rate of the basal diet during a single 2 hr

'period.dﬁring the dark phaselwas slightly, but not significantly,

higher than the consumption rate during a single 2 hr feeding
period during the light phése.

underweight_rats,.atvthe endjof a period of interVal'feeding,
did not reach fhe same weight as control animals'duriﬁg'a 2 week
period of fqll ﬁutritionél r?habilitation;

the inabiiity of rats to con;ume their full daily intake df food
during a 2 hr interval does not appear to be a function of the
age of the animal. Tﬁe same findings were obtained withlyoung

(8-10 weeks) rats and older rats (20-22 weeks).
. ' i
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Appendix A.6

Supplementary study no.6

_ : - i

In an attempt tb'eliminate.the possible stress associated with
reduction of bulk intake (Mgson, 1968) a study was carried out to-
determine whether bulk in;ake could be maintainqd.while controlling
the nutritional.confenf. A serigs_of diets containing varying pro-
portions of a non-nutritive bulk filler were presented to different
groups of rats. | :

The basal diet was mixed with fiye grain vermiculite which is
approved Ey the British Ministery of Agriculture, Fisheries and Food
'(see_their'cirCular DW 142A 28/12/19i2) as a bindef. That is, a non-
nutritional substance WHich aids theicompaction of feeding sﬁuffs. When
the baéal diet was mixed with small Quantities of vermiculite (eg. 15g
basal diet + 5g vermiculite) the rat§ ate readily of thi$ feed. However,
when the proportions were reversed, Qith vermiculite'makingvup the
greéter volume of the feed, the intake wé§ reduced. . For example,‘rats
failéd to eat:18g of a feed containiqg S5g basal diet and 13g vermiculite.
Since the intake of such a mixture wés both reduced and_variable there
was no way of‘controlling the ﬁutritional content of feeds consumed by
experimenfal animals.

- It was thus concluded that thé'éfocédure of bulk cqmpensation, in
instances where nutritional content is exceeded in volume by vermiculite,
would introdUce.a proﬁlem of'regulation of»nutritional content. it is

possible that this procedure may be éore successful with other species

.

and with other, flavoured, nonﬁnutritive substances.
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Appendix A.7

Supplementary study no.7

The aim cf this study was to determine the‘frequehcy of alterations
in vaginal'smear patterns of'fully fed, non-stressed 4 day cycling rats.

| Method

Thirty female rats were housed in individual cages and fed pelleted
food,and water ad libitﬁm. All rats were transferred from the _stock
- . Toom without an attempt made to determine whether they had regular 4 day
cycles. Vaginal smears were taken daily for a perlod of 12 weeks
(spanning 21 ant1c1pated 4 day cycles).

| 'ﬁesults

During the first 8 days‘e 5 day cyclebwas found in 40% of the rats..
This observation/could indicate a response to a change in_environment
since the incidence‘of 5 day cycles‘dropped to 16.7% during the following
~cycle. At the end of 4 weeks 90% of the rats hed normal 4 day cycles.
The remaining rats had 5 or 6 cycleé.and continued to display extended
cycles'throughoet the 12 week peried.

If rats with persistently.extended cycles were‘excludedithen the
incidence .of irregularities of.the oestrous cycle was only 3%_during the
last 10 weeks. The irregularities were in the fcrm'of'additional days
" of eitherlraginal cornification or of a leucccytic shear pattern.

.Discussion
. The findings embha51sed the need to exclude from- experiments rats

not showing two normal 4 day cycles during the adaptation phase.-
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Appendix A.8

Supplemeﬁtary.study no.8

. The aim of this study was to obfain, from fully-fed nbn-stresSed
Arats, control measurémenf collected at differenf fimes of the day on
éach day of:the éestr0us cycle. The following control measuremenfs
were récorded: |

1. Serum LH cbncéntration

2. Pituitary LH.coﬁtent and concentration.
3. Organ_weights - pituitary gland, ovaries, uterus
and'adrenal glands.
4. Number of surface cofpora lutea and follicles reaching.
critérion sizé. |
5. Number of ova present at the ampullary-isthmus junction.
Method

Sixty Sexuallj_mature female rats were individualy housed and fed
pelleted food and water ad libitum for 10 déys. Thereafter 45 rats,
with regular 4 day cycles, were allocafed to éné of 9 groups (n=5 each)
so that the mean body weight of each group was approximately the same.

| Rats were sacrifiégd, by means of cervical dislocation, at 1000
~ and 1600h on each day of the cycle and also at 1900h on pro-oestrus.
Trunk blood samples were collected aﬁd aufopsies were performed.

Results

Serum LH concentration: The serum LH levels at different times of the

day on each day of the cycle aie_summarized in Table A7.
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Table A7

Serum LH concentration at different stages of the 4 day
oestrous cycle of non-stressed, fully fed rats (each group n=5)

Mean serum LH (ng/ml) iSD

- Stage of cycle

Time of day Oeﬁtrus  Metoestrus Dioestrus Pro-oestrﬁs
(h) . ' .
1000h : ; 19.4+8.1 | 46.4+18.8 15:2i13.9 52.6%23.5
1600h 21,9+14.3 45.8£32.1 | 19.2%11.3 410.0i330.6
1900h S - 896.0£117.6

In a séparafe study; bléod samples were collected at various
" intervals from. chronically cannulatedeong Evans rats. After.an
appropriate period of post operative recovery blood samples were dfawn
at 1000, 1500 and 1700h on each day of the cycle. The serum LH values
are summarized iﬁ Table AS8. |
| Table A8,

Serum LH concentration at different stages of the 4 day
oestrous cycle of chronically cannulated rats

Mean serum LH (ng/ml) #SD

Stagé of cycle

‘ Time of day ‘ Oestrus : Metoestrus Dioéstrus “ Pro-oestrus
() - |
1000h 29.1+£14.9(6) 30.8+17.2(3) '16.0+  .0(3) 35.1+£16.6(7)
1500h 129.8£11.8(5) , 26.7i16.7(4) 26.2+10.8(3) 31.8i11.3(5)
- 1700h . 25.9+.6.9(5) 38,6i12.7(5) 22.8+ 9,0(4) 406.7+£53.9(3)

Note: Figures in parentheses indicate the number of observations.
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When thié study was carried out the time at which the pro-oestrous
LH surge reached its peak.infthis strain of rat was not known. Additional
- sampling reveaiéd that the‘serum LH levels continued to rise after 1700h
on pro—oéstrus'to reach a peak at about_1900h.. Consequently blood samples
were collected at 1900h, on pro-oestrus, in subseéuent stﬁdies.

The mean pifuitary LH content and coﬁcentration are summarized in
Table A9.b

The.mean organ weighfs are summarized'iﬁ Table Al0.

The mean pumber of surface corpora lutea and ovarian follicles,
the incidence of ovulafion and the meanlnumber of ova per ovulating rat
is shown in Table All.

Table A9

Pituitary LH content and concentration at different stages
of the 4 day oestrous cycle of non-stressed, fully fed rats (meanszSD)

Stage of cycle | Mean Pituitary . _ Mean Pituitary LH

and time (h) LH content #SD : concentration *SD
(ng) (ug/mg wet wt.)

Oestrus

1000 . 174.0+24.9 )  13.6:1.7

1600 160.4+16.6 o 13.041.8
Métoestfus |

1000 197.0437.4 o 15.1:2.4

1600 -  201.8¢58;9 | | 15.614.6
Dioestrus |

1000 - 188.6+38.4 15.0+2.5

1600 200.6£17.8 15.2+1.4

Pro-oestrus o |
1000 . 250.1+35.5 - 18.9+3.2
1600 - 162.5+12.5 - 12.5:1;4

1900  195.6452.4 | 14.3+3.8
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Table All

249.

Numbers of cbrporallutea and ovarian follicles and incidence
of ovulation at different stages of the 4 day oestrous cycle -

of nonstressed,'fully fed rats {Means +SD)

14.

Stage of Mean Mean no. of
cycle No. no. of Mean no.of Proportion ova per
and of . corpora “follicles-  of rats ovulating
time(h) ‘rats lutea+SD 8D . ovulating rat
Oestrus - - _ :
1000h 5 18.8%3. 2.6 .89 5/5 12.8+ .84
- 1600h 5 19.8%4, 2.0+1.6 5/5 10.8+2.4
Metoestrus
1000h -5 17.8+2, 1.4+1.1 0/5 -
1600h_ 5 18.2#3, 1.2¢ .84 0/5 -
Dioestrus ‘ .
1000h 5 16.0%4, 5.2+2.6 0/5 -
1600h 5 19.6%2.7  6.4+2.4 0/5 -
. Pro-oestrus
1000h 5 16.4+3, 11.0%2.2 0/5 -
1600h 5 13.4+2, 10.6+1.8 0/5 -
1900h 5 15.4%2, 6+2. 0/5 -
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APPENDIX A.9

STATISTICS SUMMARY TABLES: SUPPLEMENTARY STUDIES

TABLE A12

TWO WAY ANALYSIS OF VARIANCE WITH REPEATED MEASURES. ON FACTOR B
Supplementary study No.2: Body weight

e ———

SOURCE : df MS F ‘ p value

Between subjects

A (Diet) | 2 230.90 1.01 ns
Subjects within groups 27 229.00

Within subjects

B (Time elapsed) : 9 693.37 - 36.49  <.01:
AB o 18 ©26.25 . 1.35 ns
B x Subjects within groups 243 19.40

ns = not significant p >.05
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TABLE A13

TWO WAY ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON FACTOR B

Supplementary study no.2: Food consumption rate

o e —

. SOURCE - ‘ daf MS F p value

Between subjects

A (Diet) o 1 9.00 5.23 < .05
Subjects within groups 18 1,72

Within subjects

B (Time elapsed) . 3 ‘ 9 8.38 8.62 < .01

’ | . : .
AB. ' 9 8.63 8.88 - <.01
B x Subjects within groups 162 .97

ANALYSIS OF SIMPLE MAIN EFFECTS

Supplementary study no.2: Food consumption rate

SOURCE | | df - MS _ F o p value
Aat B 1 .20 19 " ns
B2 1 76,05 7268 <.01
B3 "aA 1 _8.45 ,: 8.07 <.01
BA__ 1 .80._ 76 , ns
BS v' 1 s .43 s
B6 . T 0 ns
B7 | R S v».éo e ~.ms
B8 | o ' 1 .45 .43 : ns
B9 | _'1: s ;Qs | N
‘B10 I T 05 .05 ‘ns
Weell - - 180 1.0s
Bat AL 9 ' 16.94 17.43 <.01
a2 9 s ST ns
B' X Subject within gioups 162 .97

ns = not significant p> .05
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TWO WAY- ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON FACTOR B

Supplementary study no.4: Body weight

SOURCE

daf MS F p value
BetweenISubjects
A (Diét) 1 38131.00 37.15 <.01
Subjects within groups 18 1026.28
Within subjects‘ |
B (Time elapsed) 7 | 484.00 789 <.01
AB | 7 153371  25.01 <.01
B x Subjects within gfbups 126 61.32
ANALYSIS OF SIMPLE MAIN EFFECTS
' Sﬁppleﬁentary study no.4: Body weight
SOURCE df "MS | F p value
A at Bl 1 3.20 .02 ns
B2 1 994.00 5.46 < .05
B3 1 ' 3175.20 17.45 | <.01
B4 1 4712.40 25.90 .01
' BS 1 17566.00 . 41.59 <.01
B6 1. 8446.00 .46.42 <.01
B7 1  10811.20 A' '59.42 <.01
B8 B 13158.40 . 72.32. <.01
W.cell 144 181.93
B at Al 7 1845.14° - 30.09 . <,01
A2 7 172.57 2.81 <.05
B x Subjects within groups 126 6132 |

ns = not significant p> .05
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TABLE A15

TWO WAY ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON FACTOR B
Supplementary study no.4: Food consumption rate

SOURCE S df M F p value

Between subjects

A (Diet) 1 2246.80  2224.60 <.
Subjects within gfoups 18 1.01

‘Within subjecté

B (Time elapsed) : 4 7.52 18.34 <.01
AB . 4 5.38 13.12 - <.01
B x Subjects within groups 72 .41

ANALYSIS OF SIMPLE MAIN EFFECTS

Supplémentary study no. 4: Food consumption rate

|

SOURCE df MS F p value
A at Bl L 1 627.20  1183.40 <.01
B2 1 43245 815.9 - <.01
B3 o - 1 414.05 781.20 <.01
B4 ; , 1 352.80  665.70. <.01
BS ] 1 - 441.80 883.58 <.01
| |
W ocell | 90 .53
B. at Al % 4 12.72 31.02 <.01
A2 ; 4 13 N .32 . ons

B x Subject% within groups 72 - AL
i .

ns = not significant p> .05
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TABLE Al6
TWO WAY ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON FACTOR B

Supplementary study no.5: Food consumption rét¢

—— —

SOURCE ; af MS F - p value

Between subjects.
A (Diet) o 1 907.50 198.14 < .01
_Subjécts within grouPsl 18 : 4.58

Within subjects

B (Time elapsed) o 5 1.66 1.04 ns
AB i o 5 -~ 2.40 1.50 ns
B x Subjects within groups 90 " 1.60

ns = not significant p>.05



Appendix B

Table Bl

Composition of Mineral Mixture

(Dreyer, 1976, pers.
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comm. )

Ingredienfs

g/kg

Ca CO3 173.3
Ko HPOy 196.6
Ca HP04.2H20.- '194.3
‘NapHOPy, . 12Hy0 101.1
© MgSO0y. 7H,0 208.4
Na C1 66.0
vCa lactate.5H50 "43.5
Fe citraté 16.9
K1 .4519
Mn SOy .H,0 1532‘
Cu SO4.5H50 1589
Zn Cl, 1476
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Table B2

~ Composition of Vitamin Diet Fortification Mixture (ICN)

Ingredients - ' ‘ g/100 1bs
Vitamin A Concentrate ' 4.5
Vitamin'D;Concentrate _ v .25
Alpha.Tocopherol : ' 5.0
Ascorbic acid '_ | 45.0°
'.fnositol _ v 5.0
- Choline chlofidé o 75.0
Menadionév , ! _ | 2.25
P —-Aﬁino benzoic acid ‘ 5.0
Niacin ' | 4.5
Riboflavin - 1.0
Pyridoxine hydrochloride ‘ _ 1.0
Thiamine hydrochloride - 1.0
Calcium pantothehate A _ 3.0
Biotin o - 20.0
Folic Acid ' | ‘ 190.0

Vitamin B-12 o - 1.35




STATISTICS SUMMARY TABLES CHAPTER 4-6

TABLE C1

257

TWO WAY ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON FACTOR B

Experiment 1, Chapter 4:dey weight

]

SOURCE df MS F p value
Between subjects _
A (Diet) | 3 7838.84 4.18 <.05
Subjects within groups 25 1877.52
Within subjécts
B (Time elapsed) 7 . 610.68 29.22 <.01
AB 21 919.67 44.00 <.01
B x Subjects within groups 175 _‘20;90
ANALYSIS OF SIMPLE MAIN EFFECTS
Experiment 1, Chapter 4: Body weight
SOURCE df MS F " p value
A at Bl 3 39.17 .15 ns
B2 3 "'52.08 .21 ns’
B3 3 ©108.83 .43 ns
B4 3 565.83 2.24 ns
BS 3 1438.08 5.68 <ol
B6 3 2627.75 10.39 %.01
B7 3 3710.08 14.67 <.01
BS 5 4714.33 18 .64 <.01
W cell 200 252;98: |
B at Al 7 ,426-93 120.42 <.01
’Az 7 41.21 ;1.97‘v ns
A3 7 689.79  33.00 <.01
A4_ | 7 1697.86 81.23 <.01
B x Subjects within groups 87 20.90

ns = not significant p> .05



TABLE C2

258

TWO WAY ANALYSIS OF VARiANCE WITH REPEATED MEASURES ON FACTOR B

Experiment 2, Chapter 4:Body weight

SOURCE df ' ES F p value
Between.subjects .
A (Diet) 3 8432.71  71.62 <.01
Suﬁjects_Wi;hin groups 16 117.75
Within subjects
B (Time elapsgd) 3 ' - 38.54 3.52 <.05
AB | 9 1338.96  122.42 <.01
B x Subjects within groups 48 10.94
YIANALYSIS OF SIMPLE MAIN EFFECTS
o EXpériment 2, Chapter 4:Body weight
SOURCE af MS | F p value -
A at Bl 3 767 .20 ns
B2 3 1257.50 33.41 <.01
. B3 3 - . 3869.25 102.80 <.01
B4 3 7315.58  194.35 <.01
W ocell 64 37.64
B at Al 3 1058.25 96.75 <.01
A2 3 '336.42 30.76 <.01
A3 3 ‘49.92 ~ 4.56 <.01
A4 3 2611.00 238.72 <.01
"B x Subjects withiﬁ groups 48 - 10.94

ns = not significant p> .05



TABLE C3

ONE WAY ANALYSIS OF VARIANCE

'Experiment.Z, Chapter 4:Serum LH levels

.

~ SOURCE

df - MS F

259

p value
Serum LH:After 7 days
Between ‘groups 3 537.67 1.74 ns
~ Within groups 16 309.80
' Serum LH:After 14 days
Between grOups» 3 ; - 528.32 2.53 ns
Within groups 16 209.13
Serum LH:After 21 days
Between groups 3 1198.20 7.23 - <.01
Within groups 16 165.83

ns = not‘significant p> .05



TABLE TABLE C4
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TWO WAY ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON FACTOR B

. Experiment 3, Chapter 4: Body weight

et

SOURCE 1d£ MS F p value
Bet@eeﬁ subjects |
A (Diet) 1 35166.00  184.06 <.01
Subjects within groups 8 191.05
Within subjects |
‘B (Time elapsed) . | 4 1513.40 7.52 <.01
AB o 4 6107.50  30.35 < .01
B x Subjgcfs within gr§ups 32 201.25
ANALYSIS OF SIMPLE MAIN EFFECTS
Experiment 3, Chapter 4: Body weight
~ SOURCE 0 af - MS | F p value
A at B1 S 12.10 .06 ns
2 1 476.10  2.39 ns
B3 1 6708.10 | 53,67 < .01
B4. L S 17472.40  87.71 < .01
BS. | 1 34928.10 175.33 < .01
W cell 40 199.21
Batal '_-' 4 6827.18 33.92 < .01
A2 S 4 793.95 3.95 ns
B_k Subjects within'groups 32 . 201.25

'ns = not significant p > .05



ONE WAY. ANALYSIS OF VARIANCE
Experiment 3, Chapter 4

i

TABLE C5

261

Within groups

SOURCE df MS F p value
Absolute pituitary weight
Between groups 3 24.91 38.53 <.01
within groups: 16 o .65
‘f | Relative pituitary weight
‘Between éroups 3 . a7 .88 ns
Witﬁin.gfoups 16 .19
Absolute ovarian weight
Betwéen groups 3 1028.90 125,53 <.01
Within g%oups 16 43.70
J Relative'oyarian wéight
o Between éroupé 3 - 3.14 .89 ns
Within g¥oups" 16 . 3.52
Absolute utetine weight
Between groups 3 67217.23 26.34 <01
Within groups 16 2552.53
Relative uterine‘wéighf
Between groups 3 .3430.42 5.62 <.01
: Within gréups 16 610.03
| | Abﬁolute adrenal weight
Betweenigrqups 3 . 31.37 .53 ns
- Within groups. 16 | 59.22
Relative ddrenal weight
Between groupsb 3 ; 161.14 9.19 <.01
Within groups 16 17.53 |
| Serum LH concentration
Between groups 3 686.84 : 9.40 <.01
‘ 16 73.10
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TABLE'CS continued

ONE WAY-ANALYSIS,OF VARIANCE

SOURCE o df MS F " p value

Pituitary LH content

Between groups 3 19146.18 10.67 <01

Within groups 16 1793.58

Pituitary LH concentration

' Between groups 3 52.81 4.42 . <.05

Within groups = 16 - 11.94

Number of corpora lutea

Between groups. 3. - 75.87 12.97 <.01

Within groups ' 16 5.85

ns. = not‘significant p> .05
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TABLE C6

TWO WAY ANALYSIS OF.VARIANCE WITH REPEATED MEASURES ON.FACTOR B
- Expérimént 4, Chapter 4: Body weight

0

. — g

- SOURCE . daf MS F p value |

Between subjects
© A(Diet) ) 1 52334.00 74.67 <.01

‘Subjects within groups 8 _‘ .700.88

: Within.subjects

B (Time elapsed) 6 - 5912.35 369.06 <.01
- AB s - 6 4568.00 285.14 <.01
B x'Subjects within groups 48 16.02

ANALYSIS OF SIMPLE MAIN EFFECTS

~Experiment 4, Chapter 4: Body weight

SOURCE 4 s F  p value
A at Bl o 1 .40 .003 ns
B2 . o | 1 7236.10 63.53  <.01
B3 | 17139.67  150.48 <01
B4 1 34290.00 301.05 <.01
B5 7f'“ ' 1 18960. 30 i66.46 <.01
B6  ., o 3764.00  33.04 <.01
B7 o 1 ~152.60 1.34 | ns
Weelt 56 113.86
BatAl . 6 9260.90.  578.08 <.01
A2 ! 6 121945 76012 <.01
B x Subjects within groups 48 16.02

ns = not significant p >.05



TABLE C7

ONE WAY ANALYSIS OF VARIANCE

Experiment 4, Chapter 4

SOURCE df MS F p value
‘ Abso1ute pituitary weight
Between groups - 4 17.63 27.22 <.01
Within gfoups ' 20 . .65
a Relative pituitary weight
Between group$ 4.'v" | ;27._ 0 3.42 < .05
:Within grdups 20 .08
| Absolute ovarian weight
Between groups 4 . 910.03 48.75 <.01
Within groups 20 18.67
Relative ovarian weight
Between groups 4 39.99 10.15 <.01.
Within gﬁoups: 20 . 3.94
j Absolute uterine weight
Between éroups 4 34967.11 84.05 < .01
‘Within g%oups 20 416.65
é Relative uterine weight
Between groups 4 1608.14 56.57 < .01
.Within g%oups 20 28.43'
é Abéolute adrenal weight
Between éroups‘ 4 - 35.30 | .79 ns
1-Within’g%oups' 20 "44.93
| Relative adrenal weight
Between groups 4 38.89 . . 7.45 < .01
Within_gibups 20 '5.22
! | Serﬁm LH concentrafion
Between groups 4 239.84 9.53 < .01

Within groups

20, 25.18
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TABLE C7'c9ntinued

ONE' WAY. ANALYSIS OF VARIANCE

SOURCE - df MS F p value

Pituitafy LH content

Between groups 4 21752.30 20.23 ‘< ,01

Within groups 20 - 1075.04

Pituitary LH concentration

Between gfoups ' 4 o 76.47 11.47 < .01

‘Within gréups _ - 20 6.67

Number of corpora lutea

'Bewaén groups: ‘4 . 109.64 -16.03 - <.01

-Within groups 20 ‘ 6.84

Number of ovarian follicles

Between groups 3 19.33 4.99 < .01

Within groups 16 7 3.87

‘ns = not significant p > .05



TABLE C8 -

ONE WAY: ANALYSIS OF VARIANCE

L
i

Experiment 6, Chapter 4

266

|

SOURCE _df . MS F p value
Tnitial body weight
Between groups. | 2 o 4.46 .03 ns
Within groups 12 .115.06
| Body weight at first oestrus
Bétween grbups 2 27.80 .70 ns
Within groups. 12 39.36

Latency of resumption of oestrous cycles

12 19

Between groups 2 : 162}46 152.31 <.01
Within groups 12 1.06
ns = not significant.p >.05
TABLE C9
ONE WAY ANALYSIS OF VARIANCE
Experiment 7, Chapter 4
"~ SOURCE N df : ‘MS*4;=:A F p value o
Pre body weight
Between groups 2 1.87 .18 'ns
Wiihih groups -v1é 10.17
" Body weight at seven days
Between groups 2 4554.20 192.97 | <.01
Within groups - 12 o 23.60, | |
| Bbdy weight‘at fourteen days
Between groups 2 12666.07 640.78 <.01
Within groups. .77

ns = not significant p > .05
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. TABLE TABLE C10

TWO WAY ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON FACTOR B

. Experiment 7, Chapter 4: Serum LI after LHRH administration

SOURCE af MS F o p value

"Between subjects:

A (Treatment) 2 107465.00 36.68  <.01
Subjects within groups . 12 2929.90

Within subjects

B (Time elapsed) 5 151977.00 100.92 <.01
f ' ,

AB : | _ 10 21069.40 .13.99 - <.01

B x Subjects within groups 60 1505.86

ANALYSIS OF SIMPLE MAIN EFFECTS

Experiment 7, Chpater 4: Serum LH after LHRH administration

SOURCE : df .. MS . F - p value

A a£ B1 ‘ ) 168540 .97 , ns
B2 ' o 2 8067.20 4.63 <.05
B3 - - : v2 . 130418.00 74.82 - <.01
B4 o 2 64088.30 36.76 <.01
BS . 2 7004.60 4.02 <.05
B6 - P 1548.20 .89  ns

‘vW cell | | . 72. ‘1743.20' |

B at Alfl '_ : | 5  101091.00 67.13 <.01
A2 | 5 4449.20  2.95 <.05
A3 " N 5  88576.30 58.82 <.01

B.x squects within groﬁps 40  1565.86

' ns = not significant p > .05:



TABLE C11

ONE WAY ANALYSIS OF VARIANCE
Experiment 8, Chapter 4

268

SOURCE ~df _ MS F p value

Final dey weight
Betweén groups 6 58.23 .54 ns
’wifhin'groups 28 106.84

. Absolute pituitary weight
Between_groups .6 : 5.18 6.85 < .01
Within gfoups 28- | .76

Relative pituitary weight
Between  groups 6 ' 3.40 8.98 < .01
Within groups:' 28 .38 |

Absolute ovarian weight
Between groups 6 75.48 - 1.32 ns
Within groups 28 56.98

Relative ovarian weight
Between groups 6 26.99 96 ns
Within groups 28 28!18

_Absolufe uterine_weight
‘Between groups 6 15690.72 9.61 . < .01
Within groups 28 1632.65

Relative uterine weight
Between groups .6 6901.16 7.05 < .01
Within groups 28 979.20

© Absolute adrenal weight

Between grdups 6 .63 .10 | ns
Within groups 28 . 6.29

Relative adrenal weight
Between groups 6 | 2.37 .29 ns
Within groups v28 8.12
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- TABLE C11 continued

ONE WAY- ANALYSIS OF VARIANCE

SOURCE df - MS F p value

Pituitary LH content

Between groups . 6 367.11. .65 ns

Within groups 28 '564.06

Pituitary LH concentration

Between groups . .- 6 '4796 1.62 ©© ms

Within groups 28 - 3.04

Number of corpora lutea

Between groups 6 17.86 10.60 < .01

Within groups - 28 1.69

ns = not significant p > .05
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TABLE C12

ONE WAY ANALYSIS OF VARIANCE

Experiment 9, Chapter 4

270

H|

————— ——— —

SOURCE - df . MS F p value
Initial body weight
Between groups 3 10.27 .19 ns
Within groups 16 | 54,15
| ‘Final body weight
- Between groups 3 _,' 35.00 - 3.16 ns
Within.groups‘ 16 11.08'
. Absolute pituitary weight
»Betweén gioups 3 - 7.41 10.00 < .01
Wifhin groups ' 16 .74
Y Relative pituitary weight
Between groups 3 ‘2.57 10.50 < .01
Within groups 16 | .25
| Absolute ovarian weight
Between  groups 3 2112.00 273.68 <.Oi
Within groups 16 7.72
_ Rélative ovarian weight
Between groups 3 782.86 173.16 < .01
Within groups 16 4.52
Absolute.uterine weight
Between groups 3 53714.30 ) 84.49 < .01
Within groups 16 635.72 
Relative uterine weight
Between groups 3 20164.33 199.17 < .01
Within_gfoups_ 16 203.34 | |
Absolute adrenal weight
Betweeh groups 3 1.21 : .20 ns
16 . 6.09

Within groups
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 TABLE C12 continued

ONE WAY-ANALYSIS OF VARIANCE

—— —— - —— e
——— —— — e,

~ SOURCE - ' df ' MS o F ' p value

Relative adrenal weight

Between groups 3 - 1.46 .80 ns

Within groups 16 1.82

Number of corpora lutea

Between groups 3 4,40 2.07 ns

Within groups 16 2.13-

Number of ovarian follicles

Between groups 2 . 2.60 .30 ns

Within groups : 12 ' 8.53

ns = not significant p >.05



TABLE C13

ONE WAY  ANALYSIS OF VARIANCE.
Experiment 10, Chapter 4.

I

SOURCE

272

df _ MS F p value
Initial body weight
Between groups 2 : .46 .01 ns
Within groubﬁi 12 ' 29.73
Finalbbody weight
Between groups’ 2 2561.26 75.47 <.01
Within groups - 12 | -33.93
Absolute pituitary weight
Between groups A 3.33 12,73 <.01
Within‘groups 12 .26
Relative pituitary weight
Between groups 2 .31 - 3.30 ns
Within groups 12 .09
. Absolute ovarian weight
Between groups 2 77.46 4.16 <.05
Within gfoups 12 »18.61
Relative ovarian weight
Between groups 2 40.83 8.55 <.01
Within groups | 12 : 4.77
| ' Absolute uterine weight
Between groups 2 4814.05 2.13 ns
Within groups 12 2255.30
Relative uterine weight
Between groups 2 - 437.87 .60 ns
Wifhin groups 12 723.24
‘Absolute adrenal weight
Between,groups. 2»v _ '5.66 .85 ns
Within group§ 12 6.70




TABLE C13

continued

ONE WAY  ANALYSIS OF VARIANCE

273

df

F

SOURCE MS p value
Relative adrenal weight
Between.gfoups 2 . 69.60  22.78 <.01
Within groups 12 3.06
Number of corpora lutea
Bétween'groups’_ 2 - 8.27 1.45 ns
Within groups 12 5.70
Number of ovarian follicles
Between groups 2 11.67 1.39 ns
Within groups 12 8.37
Number of ova per ovulating rat
Between -groups 2 41.52 ~8.00 <.01
~Within groups 8 5.19 -
ns = not significant p >.05
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TABLE C14

TWO WAY ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON FACTOR B

Experlment 1

Chapter 5 Lick suppre551on ratios

— — ———re

SOURCE af MS F p value

.Between subjects

A (Conditioning) 1 11406.30 269.40° < .01
" Subjects within groups - 18 42.34

Within subjeété’ |

B(Time elapsed) 4 750.45 40.80 < .01
AB 4 922.93  50.16 < .01

B x Subjeéts within groupg 72 118.40

ANALYSIS OF SIMPLE MAIN EFFECTS

"Experiment 1,

Chépter 5: Lick suppression ratios

SOURCE i M F b value
A at Bl 1 24.20 1.04 s
B2 1 2420.00 104 . 36 < .01
B3 1 3781.25 163.06 <01
B4 1 4867.20 209.87 < .01
BS 1 4004..00 172.66 - < .01
W cell 90 23.19
B at Al 4 - 1658.03 90.11 - <.01
A2 4 15,35 .83 - ns-
B x subjects within gfoups

72 18.40

ns = not signifiéant p. >.05



TABLE C15

ONE WAY ANALYSIS OF VARIANCE

Experiment 2,

Chapter 5.

275

SOURCE df

MS F

et
e ———

p value

Serum LH concentration: Dioestrus

Between groups 4

Within groups 20

53.80 .32 ns

170.24

-~ Serum LH concentration: Dioestrus incl. normal control values

Between groups 5

Within groups 24

56.37 .32 ns

175.90

Serum LH concentration: Pro-oestrus

Between groups 2 37053.27 2.02 ns
Within groups 12 18376.40
' Serﬁm LH concentration: Pro-oestrus incl. normal control values
Between groups 3 44969.40 2.61 ns
Within groups 16 17239.80
| Final body weight

Between groups 7 17.77 .69 ns_‘
Within'gfoUps 32 25.61

Absolute pituitary weight
Between groups 7 1.17 2.00 ns
Within groups '32 | .58

Relative.pituitary weight
Between groups 7 | .11 2.31 ns
Within groups 32 .46

-Absolute?ovarian weight
Between groups . 7 19.18 .52 ns
Within»grbups 32 37.06

Relativeiovarian weight
Between groups 7 1.91 .50 ns
Within groups k¥i 3.81 |




TABLE C15 continued

ONE WAY ANALYSIS OF VARIANCE

276

'SOURCE

df | MS ) F p value
Absolute uterine weight
Between groups 7 31362.65 - 19.17 < .01
Within groups ‘32 1636.27
Relative uterine weight
Between groups 7 4258.21 20.33 < .01
Within groups 32 209.43
Absolute adrenal weight
Between groups 7 5.53 1.20 ns
Within groups 32 4.63
Relative adrenal weight
Between groups 7 .53 | .77 " ns
Within groups 32 .69 |

ns = not significant

p >.05
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TABLE C16°

ONE WAY:ANALYSIS OF VARIANCE -
Experiment 1, Chapter 6

— e —
— — —— —t——

SOURCE . df - MS . F p value

Mean number of ova per ovulating rat: Full rehabilitation groups

Between groups 2 24.06 4.83 < ,05

Within groups 11 4.98

Nurber of corpora lutea: Full rehabilitation groups

Between groups 2 2.47 .85 ns

Within groups 12 2.90

Number of follicles: Full rehabilitation groups

BetWeen'groups 4 2 - .87 .87 ns

Within groups 12 1.00

Serum LH: Full rehabilitation groups including normal control value

Between gfoups -3 42.73 .92 ns

Within groups 16 46.50

Serum LH: Gradual rehabilitation groups including normal control value

Between groups o2 -35.47 .89 . ns

Within groups 12 40.00

Relative adrenal weight: Both rehabilitation grdups

Between groups -4 1.96 2.83 ns

Within groups 20 .69

ns = not significant p >.05



TABLE C17

- ONE WAY. ANALYSIS OF VARIANCE

Experiment 2, Chapter 6

Full rehabilitation group

SOURCE

df MS F

278

p value
Initial body weight
Bethen gtoups ‘2 . 2.07 .14 ns
wi;hin groups i2 14,97
| Final body wéight
Between groups 2 11033.80 31.58 < .01
Within groups 12 32.77
Absolute pituitary weight
Between groups 2 18.66 71.57 <.,01
Within‘group5' 12 .26 .
Relative pituitary weight
Between groups 2 2.14 70.49 < .01
Within groups 12 .03
Absoluteiovarian weight
Between groups 2 636.22 32.13 < .01
Within groups 12 19.80
Relative .ovarian weight
Between groups - 2 :74.36 17.61 < .01
Witﬁin groups’ 12 - 4.22
Absolute utetine weight
Between groups 2 -9470.75 51.46 < .01
Within groups 12 ' 184.04
Relative uterine weight
Between gtoups é - 1106.25 62.31 < .01
Withiﬁ groups 12 17.75
Absolute adrenal'weight‘
Between groups 2 12.17 3'03, ns
12 _j 4.02

Within groups




TABLE C17 continued

ONE WAY- ANALYSIS OF VARIANCE

279

Between groups ' 2 - 2.37 91.36

Within groups 12 - .03

'SOURCE df MS F p value
| Relative adrenal weight
Between groupé 2 1.95 2,55 ns
Within groups 12 | .76
| Number of corpora lutea

Between gfoups 2 7.27 1.80 ns
Within groups 12 4.03

Number of ovarian follicles
Between groups | 2 88.07 32.22 < .01
Within groups 12 o 2.73
ns = not significant p >.05

TABLE C18

ONE WAY ANALYSIS OF VARIANCE
Experiment 2, Chapter 6
Gradual rehabilitation groups
-—k*;;=:::SOURCE df I M§? —_LF p value

Initial body weight
Betweén groups' o 2 1.27 . .10 ns
Within groups_ N 12 13.03

Final body weight
Between groups 2 © 45.00 ‘ .92 ns
Within groups 12 48.97

vasolute pituitary weight
Between groups 2 12.36 103.89 < .01
Within groups 12 .12 '

Relative pituitary weight

< .01




TABLE C18 continued

ONE WAY- ANALYSIS OF VARIANCE

—— — —

280

— — ——

SOURCE df MS F p value
Absolute ovarian weight
Between groups 2 1811.17 118.07 < .01
Within groups 12 15.34
Relative ovarian weight
" Between groups 2 - 373.74 235.17 < .01
Within grbups 12 1.59
| Absolute uterine weight
Between. groups 2 38466.99 123.40 < .01
Within gréups 12 311.72
' Relative uterine weight
Between groups 2 7955.95 322.51 < .01
Within groups 12 24.67
Absoluté adrenal weight
Between groups 2 18.01 3.04 ns
Witﬁin groups 12 5.92
| Relative adrenal weight
Between groups 2 k 3.35 1.84 ns
Within grdups 12 1.82
| Number of corpora lutea
Between groups 2 1.87 .76 ns
Within groups 12 2.47

ns = not significant

p > .05
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TABLE C19

ONE WAY- ANALYSIS OF VARIANCE
Experiment 2, Chapter 6

Low weight maintenance groups

281

SOURCE df MS F p value
Initial body weight
Between groups - 2 ;07 .003 ns.
Within groups 12 20.13
| Final body weight
Between groups 2 55.27 2.08 ns
Wifhin groups 12 26.60
Absolute pituitary weight
Between groups 2 | 9.21 45.586 < .01
Within groups 12 .20
Relative pituitary.weight
Between groups 2. 3.05 67.02 < .01
Within groups 12 .05
Absolute ovarian weight
Between groubs 2 2176.74 337.28 < .01
Wifhin groups 12 6.45
Relative ovarian weight
Between groups 2 703.50 771.10 < .01
Within groups 12 .91
Absolute uterine weight
Between groups | 2 75147.79 340.17 . < .01
Within groups 12 220.91
| Relative uterine weight
Between groups 2 24547.47 2164.54 < .01
Within groups 12_, 11.34
Absolute adrenal wgight
Between groups 2 4.57 .88 ns
Withinvgroubé 12 5.21




TABLE C19 continued.

ONE WAY- ANALYSIS OF VARIANCE

282

SOURCE

H

daf MS F p value
Relative adrenal weight
Between groups .2 .02 - .009 ns
.Within groups 12 2.13
| Number of corporallutea
Between groups 2 29.40 8.56 < .01
Withih groups 12 ) 3.43

ns = not significant

p > .05
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