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SUMMARY

Mature female Sprague-Dawley rats were hypophysect
omized towards the end of oestrus as indicated by 
daily vaginal smears. All animals exhibited 
regular four-day cycles.

At the seventh day after hypophysectomy, all ovarian 
structures had atrophied leaving small pre-antral 
follicles and apparently healthy looking corpora 
lutea.

Apart from intact and hypophysectomized animals 
which were used as controls, the hypophysectomized 
animals were divided into three main groups:

Group I were given increasing doses of a 
highly purified FSH preparation.

Group II were given increasing doses of a 
highly purified LH preparation.

Group III were given the minimal effective 
dose of FSH and increasing doses 
of a highly purified LH preparation.

All hormone injections were given as a single 
sub-cutaneous injection on the seventh day after 
hypophysectomy. By this time the only normal 
structures in the ovaries of the experimental 
animals were corpora lutea and very small pre- 
antral follicles. Graafian follicles had either 
disappeared or were in the advanced stages of
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atresia. The interstitial tissue was inactive and 
showed marked fatty change.

The administration of FSH was followed by changes 
suggesting reactivation of the corpora lutea - 
accumulation of cytoplasmic RNA and an increase in 
36 steroid dehydrogenase activity. Following this, 
follicular growth occurred and the interstitial cells 
lost their degenerate appearance but showed no sign 
of luteinization. Antral follicles were produced and 
the thecal cells made their appearance. The latter 
also did not luteinize. From these results it is 
argued that FSH stimulates the corpus luteum to 
produce the oestrogen necessary to initiate the first 
stages of follicular growth and stimulate the 
production of FSH receptors in granulosa cells.
Although thecal cells were formed and the interstitial 
tissue became healthy in appearance there was no 
evidence of excessive androgen production. It was 
deduced from this that the unluteinized spindle-shaped 
thecal cells and the similarly unluteinized inter
stitial cells were a morphological form which may be 
mainly associated with oestrogen production.

LH caused hyperaemia and some increase in the 
size of the corpora lutea. There were also indications 
of increased functional activity as with FSH. 
Interstitial tissue was "repaired” and showed signs of 
partial luteinization. Although it is known that LH
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stimulates the production of oestrogen in hypophy
sectomized rats provided corpora lutea are present 
in the ovaries there was no evidence of folliculo- 
genesis. Indeed the process of atresia appeared to 
be hastened. It is suggested that the absence of 
follicular growth was due to the production of 
androgens by the stimulated interstitial cells.

From this it was concluded that the occurrence of 
luteinization in these cells was an indication of 
a high production rate of androgens.

FSH and LH administered together restored the ovarian 
structure to a reasonably normal condition. 
Folliculogenesis was active and the interstitial 
tissue became active in appearance. The corpora lutea, 
obviously pre-existing, were much enlarged and active. 
These changes were within the range of normality 
provided the dose of LH remained small. With increas
ing doses of LH the theca and the interstitial tissue 
became hyperplastic and fully luteinized. Granulosa 
cell growth ceased and ultimately the granulosa 
cells disappeared leaving theca lutein cysts. These 
results seemed to indicate that the main action of 
these larger doses of LH was on the thecal and the 
interstitial cells, resulting in the production of 
large quantities of androgen which counteracted the 
folliculogenic activity of the small dose of FSH.
They help to support the hypothesis suggested as an



20

explanation for the results of the experiments with 
LH alone. An analogy is drawn to the polycystic 
ovarian syndrome in humans.

From the above results a further hypothesis is put 
forward to provide one reason for the increase in FSH 
at the time of the ovulation surge of LH. It is 
suggested that the increase in FSH acts to protect the 
granulosa cells from the atretic action of androgens 
produced under the influence of LH, by converting the 
androgens to progesterone.
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INTRODUCTION

Much of the current knowledge of ovarian function 
has been derived from a study of animals under both 
normal and pathological conditions. Direct information 
about the human ovary is scanty since there are 
relatively few opportunities to examine the organ in 
completely normal women either during or before their 
productive phase of life.

There is, however, substantial evidence that the human 
ovary does not differ in many of its developmental and 
functional aspects. The ovary is remarkably uniform 
in vertebrates in general.

For a full review of the development and structure of 
the ovaries in vertebrates, reference should be made 
to Cole and Cupps (1969); Zuckerman, Mandl and Eckstein 
(1962) and Brambell (1956).

While the morphology and function of the ovaries were 
described in general terms as far back as the 17th 
century (de Graaf) it was not until 1926 that ideas 
on the control of these functions first began to be 
formulated. In that year Smith and Engle in New York 
demonstrated the effect of hypophysectomy on the gonad 
of rats and the efficiency of hypophyseal implants in 
restoring these gonads to normal. Independently,
Zondek and Ascheim (1926) demonstrated the existence 
of specific gonadotrophic hormones in human urine 
during and after menopause and during pregnancy.
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They named the pregnancy hormone prolan-B while the 
human menopausal gonadotrophin was called prolan-A.

The idea of blood-born gonadotrophic stimuli was not 
new at the time, but its realisation led to the 
foundation of our knowledge of pituitary-ovarian 
relationships.

Investigations showed that laboratory rats and mice 
are sensitive to gonadotrophic stimulation and 
prepared the way for the introduction of methods of 
estimating both qualitative and quantitative 
differences between,gonadotrophins.

At first it was assumed that the gonad stimulating 
hormone from the pituitary gland was the same as that 
of pregnancy urine and a few years later it was shown 
beyond any doubt that the chorionic hormone (a term 
coined by Hamberger, 1931) and pituitary gonadotrophins 
were different hormones. The term gonadotrophic hormone 
was coined by Weisner and Crew (1930). An important 
discovery at this time was that of Phillipp (1930) 
which showed that the pituitary gland during human 
pregnancy was almost devoid of gonadotrophic effects.

Further work indicated the likelihood of two pituitary 
gonadotrophins and in 1930 Evans and Cole established 
the identity of these in extracts of pituitary glands.

It was not until the 1960's when the onset of 
immunological determinations and new methods of protein 
separation were devised that any real progress was made.
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The great majority of publications dealt with attempts 
at the purification of gonadotrophins, bio-assays and 
determination in urine.

Studies on the purification of pituitary preparations 
were reported by Reichart and Parlow (1964), Hartree 
(1966) and Ryan (1968). By their method, Reichard 
and Parlow purified FSH by a factor of 6 and LH by a 
factor of 3, but each preparation was still 
contaminated by the other. Hartree (1966) succeeded 
in further purifying both hormones, especially LH.
Butt (1967) using Hartree’s FSH preparation produced 
a preparation almost free of LH contamination. With 
the production of a "pure" preparation, it became 
possible to employ radio-immunoassays with confidence, 
and these have replaced older biological methods. 
Chorionic gonadotrophins have proved easier to purify, 
and since it is antigenically very similar to LH, it 
has been used as a standard for LH estimation. Radio
immunoassay methods have been described by many 
investigators, among them Saxena et al (1968) and 
Donini et al (1969a) for FSH and Donini et al (1969b) 
for LH.

Smith and Engle (1926) and Zondek and Ascheim (1927) 
discovered the presence of gonadotrophic hormones in 
the pituitary gland. Fevold et al (1931) described 
two active substances, one caused follicular growth 
in the ovary and was called follicle stimulating
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hormone (FSH), the other caused stimulation of the 
interstitial tissue and was called (I.C.S.H), it 
also caused luteinization in the ovary and was named 
luteinizing hormone (LH),

There is good evidence to believe that the release 
of these gonadotrophins is under strict neuro
endocrine control from the hypothalamus (Guillemin 
and Schally, 1963) via releasing substances.

Gonadotrophins are secreted by the basophilic cells of 
the anterior pituitary. Work using bio-immunological 
techniques with isotopically labelled antibodies 
localised FSH and LH to within the same individual 
cell (Phifer, Midgley and Spicer, 1972). The gonado
trophins, FSH and LH are glycoproteins with a 
molecular weight of between 25,000 and 40,000. 
Gonadotrophins have at least two subunits (A and B).

The plasma level of FSH and LH at any one time 
consists of the sum of different secretory components: 
first, the basal or tonic secretion which represents 
a fairly constant production not influenced by the 
releasing hormones but only modified by a feedback 
effect of circulating steroid directly on the 
pituitary; second, the small day to day or hour to 
hour episodic component which is more prominent for 
LH and is controlled by secretory pulses of releasing 
hormones or alteration in pituitary sensitivity for 
LH releasing hormone (direct feedback at pituitary
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level); third, the mid-cycle or surge secretion is 
controlled by a positive feedback mechanism through 
LH releasing hormones but still modulated at both 
hypothalamic and pituitary levels by the ovarian 
steroids,

Studies of hormonal inter-relationships in the human 
have been carried out by many investigators, among 
them Bell et al, (1966), Adlercreutz and Luukkainen 
(1968), Neill et al. (1969), Franchimont (1967),
Burger et al. (1968), Johannson and Wide (1969), 
Goebelsmann et al. (1969) and Dufau et al. (1970).
All these authors have shown a recognisable pattern 
of FSH and LH levels in the plasma and urine during 
the menstrual cycle,

FSH increases as menstruation approaches, falls 
gradually during the proliferative phase of the cycle, 
rises to a peak around mid-cycle and falls once more. 
At all times in the cycle there are measurable 
quantities of FSH. Small quantities of LH are also 
present throughout the cycle but the concentration 
varies little except at mid-cycle when there is an 
abrupt and short lived release of a large quantity 
(Midgley and Jaffe, 1966 and Goebelsmann et al.,
1969). There is some controversy regarding the 
timing of the mid-cycle peaks of FSH and LH. There 
is considerable evidence to show that an LH peak 
occurs 12-14 days before the next menstruation
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(Brown et al, 1958; McArthur et al, 1958 and 
Fukushima et al, 1964). Studies of FSH patterns 
have yielded more variable results. Several workers 
using bio-assay methods, have found that the mid-cycle 
peak of FSH production occurs after the LH peak (Bell 
et al, 1966 and Franchimont, 1967). Others have 
claimed that the two peaks coincide. Radio-immunoassay 
has also revealed a variation in the time of the FSH 
peak (Faiman and Ryan, 1967; Cargille et al, 1969 and 
Taymor et al, 1968). However, this was considered to 
be of minor importance.

These findings have served to reinforce the convent
ional ideas regarding the sequence of events aiid 
mechanism thought to be operating in the ovary. At 
the end of menstruation, a high secretion of FSH 
stimulates the small pre-antral follicles to grow and 
develop antra. Around the twelfth day a sudden rise 
in LH production induces one of the enlarged 
follicles to ovulate and thereafter form a corpus 
luteum. When the corpus luteum degenerates 
menstruation occurs, the FSH has risen and a new 
cycle is started. While such a statement is true, 
closer inspection of the curves of secretion of 
gonadotrophins, and of FSH in particular, indicates 
that some elaboration of this simple concept is 
required if the mechanisms involved are to be 
understood.
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Two phases of FSH secretion are of particular 
interest (Fig.l ). The first phase is the fall in 
FSH production prior to ovulation (Faiman and Ryan, 
1967; Taymor et al, 1968; Midgley and Jaffe, 1968 and 
Cargille et al, 1969), During this fall the 
oestradiol output rises progressively. According to 
Parlow (1964) and Bogdanove et al (1971) oestrogens 
suppress the output of FSH and LH in animals. Stevens 
and Vorys (1967) and Jaffe et al (1969) have 
demonstrated a similar action in human subjects. 
Findings such as these have given rise to the 
hypothesis of the negative feedback effect of 
oestrogens. Whether the oestrogens act directly on 
the pituitary or on the secretion of the gonadotrophin 
releasing substance by the hypothalamus is not 
completely clear. The second phase is the peak of FSH 
output which occurs and almost coincides with the 
ovulation surge of LH despite rising concentrations 
of oestrogen (Fig. 1). It has been known for a 
considerable time that oestrogen will induce ovulation 
in animals (Sawyer et al, 1949; Everett and Nichols, 
1968 and Brown-Grant, 1969).

In the rat the surge of LH is preceded by a rise in 
plasma oestradiol (Brown-Grant et al, 1970; Shaikh, 
1971; Dupon et al, 1973 and Lindner et al, 1974).

The LH surge is produced by hypothalamic releasing 
factors (Ramirez and Sawyer, 1965 and Everett, 1969).
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All of these findings suggest that oestrogen has a 
positive feedback actively causing secretion of a 
releasing factor leading in turn to the LH surge and 
ovulation, So far there is no positive evidence 
regarding the peak of FSH secretion. It has been 
suggested that the hypothalamic releasing factor is 
not specifically related to LH secretion but acts on 
FSH as well.

While these biochemical findings and the arguments 
based on.them have given rise to a neat persuasive 
hypothesis, it is as well to remember that much of 
the evidence is biochemical and therefore in one 
sense indirect. There is less evidence of what is 
actually happening in the ovaries and there is a 
considerable amount of experimental biological work 
which is confusing and some of it contradicts accepted 
ideas.

Hypophysectomy is always followed by a regression of 
reproductive functions and atrophy of the ovaries.
It has been reported that the number of oocytes is 
greater in hypophysectomized than in normal animals. 
Swezy (1933) suggested that this was due to increased 
oogenesis. Young (1961) stated that in the hypophy
sectomized rat follicles can develop to the pre-antral 
stage without gonadotrophic stimulation. Nakano et 
al (1975) went even further and stated that follicles 
can grow to an early antral stage after hypophysectomy 
It could be that FSH is only necessary beyond this
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point. Certainly in normal animals many follicles 
start development at the beginning of the cycle but 
most undergo atresia in the early phases prior to 
ovulation (Boling et al, 1941; Young, 1961 and 
Ingram, 1962). However, doubt has been cast on the 
validity of many of these statements by the findings 
of Ingram (1953) who showed beyond any doubt that in 
the rat (i) the population of oocytes falls after 
hypophysectomy as it does in the intact animal but 
the rate of decline is slower and (ii) although 
medium and large follicles are present their number 
is very much lower in the hypophysectomized animals. 
In other words, after hypophysectomy oocytes are no 
longer lost by atresia or by ovulation of large 
follicles. Ingram’s studies involved actual follicle 
counts in the ovaries of hypophysectomized animals 
whereas other investigators merely reported 
qualitative results. Paradoxically it has been 
claimed that pure FSH administered to hypophysect
omized animals had no action on the ovary (Lostroh 
and Johnson, 1966). Less pure FSH produced 
follicular growth in hypophysectomized animals 
but only in large doses (Malven and Sawyer, 1966). 
Oestrogen was actually more effective in producing 
granulosa proliferation (Smith and Bradbury, 1961 
and Wallach and Noriega, 1970) . Aron et al (1965) 
and Krey and Everett (1971) showed that in intact
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adult female rats oestrogen on day 1 speeds up the 
cycle. Smith and Bradbury (1961) also claimed that 
oestrogen sensitized the ovary to the subsequent 
action of FSH, and Goldenberg et al. (1972) demonstrated 
that oestrogen increased the incorporation of FSH in 
the follicles of hypophysectomized rats. Whether the 
lack of response to pure FSH noted above (Lostroh and 
Johnson, 1966) was due to the absence of preceding 
oestrogen stimulation per se or to a lack of follicles 
at a suitable phase of development was not apparent.
Most observers are of the opinion that the source of 
oestrogen produced in the follicular phase is the 
theca interna (Corner, 1938; Dubreuil, 1953; Falck,
1959 and Harrison, 1962). In support of this are the 
findings of Deane et al. (1962) and Konig (1965) who 
demonstrated that the enzyme 33 hydroxy-steroid 
dehydrogenase was confined to the theca interna in the 
developing follicle. According to Balboni (1976) this 
tissue only begins to form after the follicle has a 
well-developed antrum, Eshkol et al, (1970) were of 
the opinion that FSH was responsible for granulosa 
cell proliferation and the development of a follicular 
basement membrane whereas LH promoted antrum formation, 
thecal differentiation and vascular development. It 
may be that the low levels of LH which are present in 
the follicular phase are sufficient for this purpose 
but the interplay of oestrogen, FSH and LH in promoting 
follicular development is far from clear. In particular
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it remains to be shown decisively that LH has an 
influence on the theca interna. Lostroh and Johnson 
(1966) found that pure LH'. had no influence on the 
ovaries of hypophysectomized rats. Similar problems 
exist in regard to ovulation and corpus luteum 
formation. Both Aron et al (1969) and Schwartz and 
Ely (1970) stated that pure FSH will produce 
luteinization of suitably sized follicles although 
ovulation may not occur. Lostroh and Johnson (1966) 
stated that pure FSH or pure LH are both equally 
effective in causing ovulation of follicles in a 
suitable condition. Ryle (1972) cultured mouse 
ovaries and showed that FSH stimulated the growth of 
follicles only on days 2 and 5 of culture, and 
diminished thecal activity; LH stimulated the growth 
of follicles only on day 5 and only if they had 3-4 
layers of granulosa cells, and promoted growth of the 
theca interna. In addition, it was noted that some 
follicles grew rapidly on day 5 without gonadotrophic 
stimulation.

Channing (1970) harvested and cultured granulosa cells 
from follicles of varying size from monkeys and found: 
granulosa cells from large pre-ovulatory follicles 
luteinized in culture without any specific stimulus 
and secreted progesterone for 6 days ; those from 
medium-sized follicles luteinized partially without 
stimulation but if either FSH or LH were added to the 
culture medium luteinization was complete and
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progesterone was secreted for periods of up to 27 
days; cells from small follicles showed no evidence 
of luteinization in culture even when treated with 
FSH or LH.

Another perplexing feature regarding the mechanism of 
ovulation is to be found in the work of Schwartz and 
Gold (1967) who found that a single injection of 
anti-LH will block ovulation and also delay the 
subsequent ovulation. They suggested that the surge 
of LH was necessary for the development of the next 
set of follicles.

Many follicles undergo atresia during one oestrous 
cycle and Richards (1975), working with hypophysect
omized animals, claimed that LH, far from promoting 
follicular growth, actually induces atresia if given 
before stimulation by FSH. It will be remembered 
that in the human, the LH surge probably antedates 
the mid-cycle rise in FSH so that it becomes difficult 
to prove that LH has a stimulatory effect on follicles 
after ovulation.

These observations deal with the problem of ovulation 
but there is a lack of knowledge regarding the 
mechanisms responsible for the maintenance and 
activity in the corpus luteum. The corpus luteum is 
a very persistent structure. In the rat, X-ray 
irradiation will destroy ovarian follicles but the 
corpus luteum survives, and if stimulated by

}
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gonadotrophins, will produce progesterone (McDonald 
et al, 1969), Selye (1948) and Malven and Sawyer 
(1966) described the persistence of the corpus luteum 
after hypophysectomy while Levy et al (1959) also 
observed the persistence of 3g steroid dehydrogenase 
activity in the corpus luteum of the hypophysectomized 
rat and contrasted it with the rapid disappearance of 
the enzyme from the interstitial tissue. In an 
ultrastructural study Flerko et al. (1967) demonstrated 
the disappearance of the organelles of steroidogenesis 
from the interstitial cells after hypophysectomy.

Interstitial cells occur in small masses between the 
follicular structures, These cells were first 
described by Pfluger (1863). The appearance of the 
interstitial cells varies during the oestrus cycle. 
Evidence has been presented that they may secrete both 
oestrogens and androgens (Rennel, 1951 and Claesson 
et al., 1954). Histological studies by Deane (1962) 
and Guraya (1974) and electron microscope studies by 
Flerko (1967) showed that the interstitial tissue 
had all the characteristics of a steroid producing 
tissue. Motta and Bourneva (1970) noted that the 
interstitial tissue activity showed cyclic changes 
and reached a peak at pro-oestrus and oestrus. It is 
not yet known whether these cells pass through a 
definite cycle of changes ending in degeneration or 
persist indefinitely (Brambell, 1956),

The persistence of 33 steroid dehydrogenase activity
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in the corpus luteum of the hypophysectomized rat 
is a very interesting phenomenon. It seems peculiar 
that the enzyme should persist when the substrate on 
which it acts is presumably diminishing. The methods 
used in demonstrating the presence of dehydrogenases 
are full of pitfalls. In all of them the presence 
of lipid is apt to give rise to false reactions and 
strenuous efforts have been made to eliminate this 
fault. Baker and Klapper (1961) used an acetone 
n-butanol and ether mixture at 65^C to extract the 
lipid. This was successful and did not appear to 
have interfered with the activity of succinic 
dehydrogenase and diphosphopyridine nucleotide 
diaphorase. While this method removed fine droplets 
of lipid, problems still remained when the deposits 
of lipid were large and attempts at removal inter
fered with the enzyme activity. This might be the 
case in a corpus luteum persisiting after hypophy
sectomy, making interpretation of the results 
difficult. The observations of Levy et al (1959) in 
regard to the persistence of 36 steroid dehydrogenase 
activity in the corpus luteum after hypophysectomy 
may have to be viewed with some caution.

In many of the studies of hormonal function and 
follicular activity quoted it is not always clear what 
type of follicle is involved. A number of classifi
cations of follicles have been proposed but none have 
proved completely satisfactory. Lintern-Moore et al
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(1974) classified follicles according to the total 
number of granulosa cells in any follicle at its 
largest cross-section. This is satisfactory for 
pre-antral follicles but cannot be applied to antral 
follicles. A simpler method (Mandl and Zuckerman, 
1950, 1951a-c; Green, Mandl and Zuckerman, 1951) which 
depends on counting the number of granulosa layers 
in the follicle can be applied to both pre-antral and 
antral follicles and thus has much to commend it.
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OBJECT OF INVESTIGATION

From a brief and selective review of gonadal- 
pituitary relationships it is apparent that many 
problems still remain. A number of questions seemed 
worth considering:

1. Do follicles develop to the pre-antral or early 
antral stage without the influence of gonado
trophins as suggested by Young (1961) and Nakano
(1975) or are the follicles which they observed 
merely ones which persisted after hypophysectomy 
due to the slowing of the atretic process as 
suggested by Ingram (1953)?

2. Does pure FSH have indeed no activity at all?
If it has any influence on follicle growth is 
this direct or indirect and does it depend on 
the stage of the development of the follicle?

3. Since there is a peak in FSH secretion around 
the time of ovulation does this hormone have an 
influence on the corpus luteum?

4. Similarly, does pure LH have no activity?
Does it induce follicular maturation as stated 
by Lostroh and Johnson (1966) or, on the 
contrary, does it cause follicular regression 
(Richards, 1975)? Does it stimulate thecal 
activity in the absence of FSH?
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5. Do either FSH or LH have any influence on the 
process of atresia of follicles or degeneration 
of the corpus luteum?

The following account deals with attempts to obtain 
answers to some of these questions.
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EXPERIMENTAL ANIMAL
Mature female non-pregnant Sprague Dawley rats 
(supplied by Batin and Kingman Limited, Hull,
England) were kept in the animal house of Glasgow 
Royal Maternity Hospital until they were fully adapted 
to the new environment. Optimum room temperature of 
20-22^C was maintained and a controlled 14/10 hour 
lighting cycle was operated.

At the start of the experiment these rats were 48-52 
days old and those used in any particular experiment 
were in the weight range of 180-200 grams.

The laboratory rat is sexually mature at 6-7 weeks 
old and the female will have her first oestrous cycle 
at that time. The oestrous phase in the female rat 
lasts for about 10-12 hours and recurs every 4-5 days. 
Female rats usually have regular cycles provided they 
are housed in even numbers ̂  with uneven numbers 
oestrus may be suppressed.

THE RAT OESTROUS CYCLE
The rat oestrous cycle is roughly divided into four 
stages (Long and Evans, 1922).

1. OESTRUS (late follicular phase)
This is the period of heat; this phase lasts 
from 9-15 hours and is characterized by a high 
rate of running activity. Behavioural changes
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include quivering of the ears and lordosis or 
arching of the hack in response to handling.
The uteri undergo progressive enlargement due to 
an accumulation of luminal fluid. Ovulation 
occurs during this phase,

2. METOESTRUS
This occurs shortly after ovulation and lasts for 
10-14 hours. The ovaries contain corpora lutea 
and small follicles, and the uteri have diminished 
in vascularity.

3. DIOESTRUS
This lasts 60-70 hours, during which functional 
regression of corpora lutea occurs. The uteri are 
small and the vaginal mucosa is thin.

4. PROESTRUS (follicular phase)
This lasts 8-12 hours. Characterized by functional 
involution of corpora lutea and pre-ovulatory 
swelling of the follicle. Fluid collects in the 
uterine horns.

It must be remembered that the change from one phase 
to the other is gradual.

It was necessary to carry out the experiments in the 
same phase of the oestrous cycle and to this end 
vaginal smears were used to monitor the animals and 
determine the length of the cycle and the time of 
onset of oestrus.
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VAGINAL SMEAR IN RATS
Cyclic changes in the rat vaginal smear were first 
described by Long and Evans (1922). They were 
confirmed by Turner and Bagnara (1971) and related 
to blood levels of hormones.

Technique of Vaginal Smears
A specimen of vaginal secretion was obtained from 
the posterior wall of the vagina by means of a wooden 
spatula, the fluid was smeared on to a clear dry 
glass slide and immediately fixed in 90% alcohol 
containing a small amount of glacial acetic acid and 
carbowax.

Staining Method
The slide dried in 5-10 minutes leaving a smear with 
a protective covering of wax which was easy to 
transfer to the laboratory (Papanicolaou, 1957). 
There it was stained by the Papanicolaou technique 
(1942).

Types of Cells seen in Normal Smear

1. Cornified cells: Large polygonal cells with 
abundant pink stained cytoplasm and small 
pyknotic nuclei (Fig,2 ). The presence of this 
type of cell in a smear indicates oestrogen 
activity.

2. Intermediate non-cornified cells: They are 
smaller than the cornified cells with basophilic 
cytoplasm and small rounded vesicular nuclei 
(Fig. 3 and 4 ).
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Fig. 2
Cornified cells in vaginal smear from normal rat 
at time of oestrus. Papanicolaou technique X 400
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Fig. 3
Vaginal smear from normal rat at metoestrus, showing 
cornified and non-cornified cells. Papanicolaou 
technique X 300.
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Fig. 4
Vaginal smear from rat at dioestrus. There is a 
large amount of mucus, some leucocytes and 
epithelial cells mainly of non-cornified type. 
Papanicolaou technique X 300.
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3. Parabasal cells: They are small and round or

oval with relatively large vesicular nuclei and
constitute less than 5% of the smear population.

4. Basal cells: They have large nuclei and some
times show mitosis and a little cytoplasm but 
they are practically never seen in a normal smear

Table 1 gives, in brief form, the main types of cells 
seen in each of the four phases of the oestrous cycle 
together with histological changes in the ovary and 
uterus.
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EXPERIMENTAL DESIGN
Only animals with a four-day cycle were selected for 
study. The immediate post ovulation phase as 
determined by the vaginal smear pattern was chosen 
as the point of beginning all experimental studies.
On this basis animals were divided into two main 
groups: (a) control animals and (b) animals subjected 
to hypophysectomies.

All animals were kept for a minimum period of two 
consecutive four-day cycles prior to being entered 
into any experiment.

Control and hypophysectomized animals were kept under 
exactly the same conditions. All animals were weighed 
daily. Vaginal smears were also done daily. The 
animals were housed as usual,one pair to a cage.

The animals were grouped in one of the following 
groups :

A. Control Normal Intact Animals
Two mature female rats were used per 
experiment. After determining the time of 
ovulation by the method of vaginal smear, pairs 
of rats were sacrificed towards the end of 
oestrous and every 6 hours for 96 hours (to 
cover a full oestrous cycle), a total of 34 
rats. The object of such an exercise was to 
show the normal pattern of ovarian histology 
during the normal cycle of the mature female
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rat, and then to compare it with changes found 
in the hypophysectomized group.

B . Control Hypophysectomized Animals
Hypophysectomy was carried out towards the end 
of oestrus as indicated by cornification of the . 
vaginal smear.

One pair of animals was killed immediately after 
the operation and every six hours over a period 
of ninety-six hours and then further pairs were 
killed every day up to twenty-eight days, a total 
of 82 rats. The object of this experiment was to 
show the effect of removal of the pituitary gland 
on the ovarian histology of mature female rats.

Great care was taken to eliminate incompletely 
hypopbysectomized animals. If the operation is 
carried out with care this condition is unusual.

Following hypophysectomy there are considerable 
changes in the animal behaviour such as irritab
ility, an exaggerated response to stimuli, pucker
ing of the skin, and a lack of interest in food. 
There is also a loss of body weight and muscle 
tone, and with the passage of time atrophy of the 
genital organs (Selye, 1948).

These changes were taken as indirect evidence of 
complete removal of the pituitary gland. In 
addition, at autopsy, careful inspection of the
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region of the sella turcica was routinely 
performed. In a proportion of cases serial 
histological sections of the sella turcica were 
prepared to make sure that no pituitary tissue 
had been left behind.

C . Control Sham-Operated Animals
Eight animals were anaesthetised and the 
operation was carried on as far as the drilling 
of the base of the skull but with the pituitary 
gland left intact. The animals were sacrificed 
four days later.

D. Hypophysectomized Animals - Buffer Injected 
Controls
Animals in pairs each received a single sub
cutaneous injection of 0.5 ml of sodium phosphate 
buffer pH 8.0 on the seventh day at 9,00am and 
were sacrificed at time intervals of 1, 6, 12,
24 and 48 hours, a total of 10 animals, to form 
a further control group to evaluate the effect, 
if any, of the buffer solution.

E . Hypophysectomized Animals - Hormone Injected 
Two animals were used at each time interval 
and each animal received a single subcutaneous 
injection of the preparation under experiment, 
dissolved in 0.5 ml of phosphate buffer, on 
the seventh day between 9.00 and 10.00am.
In experiments dealing with N.I.A.M.D. Rat 
FSH-Bl, four groups of experiments were
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performed using the minimal effective dose and 
its multiples. The dose schedule was:

Group I 25 ijg
Group II 50 VIg
Group III 75 y g
Group IV 100 ]xg

Each group consisted of 10 rats and the total 
number of animals in the test series was 40,

In experiments dealing with the LH preparation 
(I.R.C., 24-6-69) it was decided to use a dose 
schedule similar to that employed for ESH as 
experiments utilizing both FSH and LH injected 
into hypophysectomized rats with a dose of 25yg 
of the LH fraction seemed to have a stimulatory 
effect. Four groups of experiments were performed 
and the dose schedule was :

Group I 25 y g
Group II 50 yg
Group III 75 yg
Group IV 100 yg

Each group consisted of 10 rats and the total 
number is this series was 40,

In experiments dealing with both FSH and LH it 
was decided to use the minimal effective dose of 
a highly purified Rat FSH (N.I.A.M.D. Rat FSH,
B-1) in combinations of multiples of a similar
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dose of a highly purified LH preparation (I.B.C., 
24-6-69).

Four groups of experiments were performed, the 
dose schedule was ;

Group I 25 yg FSH + 25 yg LH
Group II 25 yg FSH + 50 yg LH
Group III 25 yg FSH + 75 yg LH
Group IV 25 yg FSH + 100 yg LH

Each group consisted of 10 rats and the total 
number in this series was 40.

All injections were given in the loose tissue in the 
back of the neck.

In all the experimental groups, two rats were 
sacrificed at specific times - 1, 6, 12, 24 and 48 
hours post-operation.

All animals were killed by an overdose of ether, and 
the following routine was carried out:

1. Vaginal smear made, subsequently stained by the 
Papanicolaou technique,

2. The usual criteria for evaluating the stages of 
the oestrous cycle in terms of vaginal smear and 
uterine "ballooning" were observed,

3. The ovaries were removed, cleared of fat, weighed 
and immediately placed in a transport medium 
(Histocon* supplied by Bethlehem Trading Ltd., 
Gothenberg, Sweden) and sent to the laboratory
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to be prepared for histological and histochemical 
staining. One ovary in each pair was serially 
sectioned for a follicle count.

4. The uterus was removed, stripped of fatty tissue, 
weighed and kept for histological study.

5, The sella turcica was examined by exploration of 
the region to confirm the completeness of the 
bypophysectomy operation,

*Histocon is a trade-name and the manufacturers, 
having applied for a patent refuse to reveal the 
composition. It is a biologic tissue transport 
solution which enables histological and histochemical 
analysis to be carried out by the use of the same 
biopsy specimens after freezing and cold microtome 
sectioning. In summary the properties of Histocon 
are as follows :

(1) Bacteriolytic effect
(2) Inhibition of autolysis
(3) Reduced leakage of protein and other 

cellular components
(4) Preservation of catalytically active 

enzymes at +°C within 48 hours of 
excision of tissue.
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OVARIAN AND UTERINE WEIGHTS
A study of ovarian and uterine weights was made to 
provide a rough indication of the effects of 
gonadotrophins on ovarian mass and on the production 
of ovarian hormones.

At autopsy, both ovaries of each animal were dissected 
out, trimmed of fat and weighed together and expressed 
as a single figure of ovarian weight which was 
corrected to the nearest O.OOOlgm.

The uterus of each animal was also dissected out and 
trimmed of fatty tissue and weighed and expressed as 
a uterine weight which was corrected to the nearest 
0.OOOlgm,

As detailed previously, control intact animals and 
control hypophysectomized animals were killed in 
pairs at 6 hourly intervals each day for four days.
For comparative statistical purposes the ovarian 
weights of all of the animals killed each day were 
summated. Means and standard deviations were derived 
from these figures.

In the case of hypophysectomized animals a further 
one pair of animals were killed each day from the 
fifth post-operative day until the twenty eighth day. 
To study the trend of change the ovarian weights of 
all animals killed in each four-day period, i.e. 
day 5 to day 8, day 9 to day 12 etc, were summated 
and means and standard deviations were derived.
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The experimental period for hypophysectomized animals 
given injections of hormones was forty eight hours 
for each dose level. For statistical purposes the 
ovarian weights over the first twenty four hours 
from all animals given a particular dose of hormones 
were summated. It was realised that the mean value 
obtained from this procedure would be diluted by the 
weights at 1 hr and 6 hrs in most instances but 
this would in a sense emphasise the difference 
between the stimulated animals and the controls.

A similar procedure was adopted for a comparative 
study of uterine weights. Details of the number of 
animals in each group are given in Table 2.

Group I : Intact Mature Female Rats
Total rats sacrificed on Day 1

Group 11 : Control Hypophysectomized
Total rats sacrificed on Day 1

2
3
4
5 - 8  
9 — 12 
13 - 16 
17 - 20 
21 - 24 
25 - 28

Group III : Control Sham Operated Rats
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Group IV : Control Buffer Injected Rats - 10

Group V : Hormone Injected Hypophysectomized
(i) FSH: All rats sacrificed during Day 1

25 yg FSH = 8
50 yg FSH = 8
75 yg FSH = 8
100 yg FSH = 8

(ii) LH: All rats sacrificed during Day 1
25 yg LH = 8
50 yg LH = 8
75 yg LH = 8

100 yg LH = 8
(iii) FSH+LH; All rats sacrificed during Day 1

25 yg FSH + 25 yg LH = 8
25 yg FSH + 50 yg LH ~ 8
25 yg FSH + 75 yg LH = 8
25 yg FSH + 100 yg LH = 8
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THE OPERATION OF HYPOPHYSECTOMY 
General Anaesthesia in Rats

An anaesthetic should be efficient and as non toxic 
as possible. Various types are described in the 
literature, Halothane is an efficient anaesthetic 
but it requires complicated apparatus. Sodium 
pentobarbitone and Hexobarbitone are easily adminis
tered by intraperitoneal injection but only useful 
for short experiments. Ether, despite certain 
disadvantages such as copious salivation, increased 
bronchial secretion and cardiac stimulation, was 
selected as the anaesthetic of choice since it was 
easily available and could be administered in a 
simple manner. It provides a moderately long period 
of anaesthesia and the depth of anaesthesia is 
reasonably easily controlled.

The following anaesthetic method was used:
20 ml of ether were placed in the bottom of a glass 
dessicator and covered with a perforated platform.
The rat was placed in the vessel which was then closed 
The animal became comatose after a few minutes.
When it was obviously unconscious the rat was gently 
removed from the vessel, and the operation quickly 
carried out.

Additional ether can be administered by a simple 
gauze face mask, when required.

Occasionally an animal may be particularly susceptible
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to the toxic effect of the anaesthetic used and it 
may be necessary to resuscitate it. Artificial 
respiration may be carried out by manual compression 
of the thorax between the thumb and finger. In 
addition, the circulation may be stimulated by 
holding the animal by its tail and swinging it (Croft, 
1960) .

Operation Techniques

The animal was fastened on its dorsum to a specially 
designed dissecting table having a special light 
microscope attached to it. The rat was immobilised 
by rubber bands attached to its limbs, the head was 
kept extended by a rubber band attached to its upper 
incisors. The table was slightly inclined so that 
the head was at the lowest level to prevent the 
animal from aspirating mucous during the operation.

The operator sat at the tail end of the table; 
usually there is no need for an assistant.

The extended neck was shaved and then painted with 
antiseptic such as Cetavlon.

A midline longitudinal skin incision about three 
centimetres long was made extending from the 
submental papilla to the lower border of the 
submandibular gland. The tissues between the two 
salivary glands were separated to expose the 
triangle formed by the larynx and trachea medially, 
digastric muscle laterally, and the omohyoid
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muscle.caudally.

The closed lips of fine smooth curved forceps were 
forced through the omohyoid muscle at the point of 
its insertion under the sternomastoid muscle. The 
forceps lips were then directed toward the midline 
and upward, and then spread apart to expose the base 
of the skull covered by a thin strip of muscle which 
was scraped by a dental scrape to expose the bones.
The trachea was retracted out of the operation field 
by a fine curved retractor.

By the use of a round bore burr, size 9, attached to 
a foot operated dental drill a hole was drilled in the 
midline of the occipito-sphenoid synchondrosis in a 
manner which allows | of the hole to be cranial to the 
suture. The drill was not allowed to break through 
the bone, but was carefully controlled so that the 
last shell of bone was picked away by a fine dental 
hook without injury to the underlying dura (Figs. 5 and 6) 
The pituitary tissue was exposed by tearing away the 
dura with a dental pick.

A pipette of the largest size accommodated by the 
drill hole was placed against the pituitary tissue, 
and the gland was removed by controlled negative 
pressure. The strength of suction was controlled by 
a finger placed on a hole made in the suction 
pipette (Fig.7 ).
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Fig. 5
Interior of base of skull exposed to show pituitary 
gland lying in its fossa (arrow).

Fig. 6
Interior of base of skull exposed to show empty 
pituitary fossa following hypophysectomy.
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' Fig.7 . Suction Pipette

The pipette was attached by means of a two holed 
rubber stopper to a glass tube having the dimensions 
of I" diameter and 4" high. This tube acted as a 
trap for the pituitary tissue and allowed examination 
of the pituitary tissue after removal.

Following removal of the pituitary tissue (Fig.8 ), 
the exposed area was wiped free of blood with cotton 
wool; wax can be used to stop any active bleeding 
from the bone edge. The skin was then closed by 
interrupted silk sutures. With practice the whole 
operation took about 3-4 minutes.

During the operation there were two dangers : the
first was damage to the nerves and vessels especially 
branches of the internal carotid artery and hence a 
fatal haemorrhage; the second was respiratory arrest 
produced by excessive or prolonged compression on 
the trachea. Tracheal retraction should be inter
mittent and of short duration. If respiratory 
movements cease, compression of the trachea should be 
relieved at once and a rubber tube promptly inserted
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into the larynx of the rat and air or oxygen 
carefully blown directly into its lungs at low 
pressure.

Operations on dead animals were carried out to gain 
dexterity in manipulating the animal and to gain 
confidence in recognising anatomical landmarks. In 
the very first attempts at hypophysectomy on live 
animals the mortality rate was high (50%) but with 
practice this was reduced to less than 5%, Figure 8 
shows a diagram of the various steps of the operation 
of hypophysectomy.

Table 2 illustrates the classified and total number 
of rats submitted for hypophysectomy. It also 
illustrates the number of operative, immediate and 
late post-operative (8 hours after operation) deaths.

Hypophysectomy and its After Effects 
The stage of the cycle in rats was judged according 
to the appearance of the vaginal smear. Cornification 
of the majority of the cells was taken to signify that 
the oestrous phase had commenced and ovulation had 
taken place. In all cases hypophysectomy was carried 
out towards the end of oestrus.

The operations were carried out in the manner already 
described. Pairs of animals were kept in a dry clean 
cage and the temperature was maintained at 20-22°C 
with special attention to the addition of sugar (0.03%) 
and sodium chloride (0.06%) to the drinking water.
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EXPEEIMEOTAL DES.I.GN....... NO. OF RATS

Sham-hypophysectoray 10
Hypophysectomized Controls 82
Buffer Controls 10
FSH Dose Selection 90
Hypophysectomized + FSH, B1 40
Hypophysectomized + LH (IRC,24-6-69) 40
Hypophysectomized + Combined FSH/LH 40

Total number of successful 
hypophysectomies 312

Rejected as Incomplete Hypophysectomy 60
Operative deaths 62
Immediate post-operative deaths 22
Late post-operative deaths 43

Total number of unsuccessful 
Hypophysectomies 187
Total number of hypophysectomies 
attempted 499

Intact Controls 34

Table 2. Details of the classified and total 
number of rats submitted for study 
and the number of operative and 
immediate and late post-operative 
deaths.
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The body temperature of hypophysectomized animals 
is usually slightly below normal and the basal 
metabolic rate considerably decreases (Selye, 1948).

After hypophysectomy the animals are relatively 
incapable of mobilising sugar from non-carbohydrate 
stores, and fasting or exposure to any stress will 
elicit an unusually pronounced and often fatal 
hypoglycaemia. If well fed the blood sugar can be 
maintained within the limits of normality.

Hypophysectomy also causes transient polyuria, with 
loss of sodium chloride in the urine and after the 
operation it is therefore important that sodium 
chloride is provided in the drinking water.

The animal is usually irritable and shows an 
exaggerated response to stimuli. The sexual cycle 
is immediately abolished and subsequently there is 
atrophy of the uterus and a reduction in the size of 
the ovaries. There is a loss of the total body 
weight, although this takes a considerable time.

Late Effect of Hypophysectomy
The skin atrophies and there is loss of hair. There 
is atrophy in the entire gastro-intestinal tract, 
including the liver. Ulcerative lesions appear in 
the intestine, with very loose stools. There is 
also a decrease in muscle tone.

The hypophysectomized rats were kept in the animal 
house for a period of not less than seven days prior 
to further experimentation.
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GONADOTROPHINS

The gonadotrophins used in the experiments were as 
follows :

A, NIAMD-RAT-FSH. B-1
This is a highly purified preparation of FSH 
suitable for biological experiments, prepared 
from rat pituitaries at the Institute of 
Arthritis and Metabolic Diseases (N.I.A.M.D.), 
Bethesda, U.S.A. It was decided to use rat FSH 
to avoid the problem of antibody formation as 
there may be species difference. This preparation 
has a biological potency which is 3.7 times that 
of the National Institute of Health (N.I.H) FSH 
preparation on a weight for weight basis, as 
estimated by the Steelman-Pohley method (1953).
It has minimal LH contamination, equivalent to 
0,0045 of the N.I.H, LH, 8-1 preparation, 
estimated by the Parlow method (1958).

The minimal effective dose of this FSH preparation 
was between 25 pg and 35 pg as indicated by a 
previous preliminary study. In such a study pairs 
of hypophysectomized rats were given the same 
preparation in doses of 5, 10, 15, 20, 25, 30, 35, 
40 and 45 pg and the 25 pg pair were the ones that 
started to show a response after 12 hours.

B. I.R.C., 24-6-69
This is a highly purified preparation of LH of
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human origin kindly supplied by Dr Anne Hartree 
of the Department of Biochemistry, Cambridge 
University. The biological activity of this 
preparation, measured by ovarian ascorbic acid 
depletion assay, with 95% confidence limit, was 
stated to be 3.21 (2,21-5.05) mg. of N.I.H. LH,
8-1. The contamination by FSH was estimated at 
less than 0.05% based on the Steelman-Pohley 
assay method. According to Reichert and Parlow 
(1964), 1 mg N.I.H. LH, 8-1 is approximately 
equal to 1540 i.u. of 2nd I.R,P.-HMG, Unfortun
ately it proved impossible to obtain a suitable 
preparation of rat LH. As the substance is not 
stable to repeated freezing and thawing, the 
material obtained was dissolved in distilled 
water, then divided among a large number of small 
tubes so that each tube contained 100 pg. of the 
LH preparation. These tubes were stored in a 
deep freeze at -20^0 until required for use.

All preparations were dissolved in sodium 
phosphate buffer pH 8.0 at the time of injection. 
All injections were given between 9.00 and 10.00am, 
and were administered subcutaneously into the loose 
tissue in the back of the neck of the hypophysect
omized rat. All injections were given as a single 
dose.

It will be noted that a human preparation of LH 
was used. Efforts were made to obtain purified
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rat LH but this proved impossible. The use of 
luteinizing hormone from another species is to 
be regretted. It was felt however that since 
the experiments were short term, the period of 
observation being 48 hours after a single 
injection, this factor would have little bearing 
on the results obtained and would not invalidate 
any conclusions drawn therefrom.
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HISTOLOGICAL TECHNIQUES
Four basic histological techniques were employed.

1. Haematoxylin and Eosin

This is a routine stain in all hospital Histology 
Departments and as such is the most important 
histological technique. With this method not only 
is it possible to gain a picture of the topography 
of a tissue and the relative changes occurring in it 
but also its cellular detail.

The tissue was fixed in 10% formol saline. In the 
case of rat ovaries this should not exceed 12 hours 
or be less than 4 hours. Excessive fixation toughens 
the tissue and makes it impossible to obtain a good 
histological preparation. The tissue was then 
processed through a series of dehydrating ethyl alcohol 
concentrations, cleared in xylol and embedded in wax. 
Sections were cut at a thickness of 7 p on a rotary 
microtome. Sections were dewaxed and brought to water.

Staining with Mayer’s haematoxylin was carried out 
employing times predetermined by test stainings with 
the particular batch of stain in current use. Differ
entiation was achieved with acid alcohol. The time 
and differentiation were such that the detailed 
structure of nuclei was easy to discern. Eosin was 
used as a counterstain for the cytoplasm.

2. Methyl Green Pyronin
Methyl Green is a good stain for deoxyribonucleic acid
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(DNA). Pyronin stains ribonucleic acid (RNA) but it 
is not specific. Control sections must be treated 
with ribonuclease before staining to be sure that the 
red stained (i.e. pyronin stained) material is indeed 
RNA. The method of Trevan and Sharrock (1951) was 
used.

Staining Solution

5% aqueous Pyronin Y 17.5 ml.
2% aqueous Methyl Green 10.0 ml. was subject 
to partition in a separating funnel to remove 
Methyl Violet (a breakdown product of Methyl 
Green).
Distilled water 250 ml.
Concentration of Pyronin 0.16%.
Concentration of Methyl Green 0:036%.

The stains were diluted with an equal quantity of 
acetate buffer pH 4.8 before use.

Staining Method
1. Sections were brought to water.
2. The staining solution was poured on and 

left for 30 minutes.
3. The sections were rinsed quickly with 

distilled water and blotted dry.
4. The slides were flooded with acetone for 

a few seconds. At this point the process 
of differentiation was controlled under 
the microscope so that the stain was not
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washed out excessively,
5. The acetone was drained and repeated 

when necessary.
6. The slide was flooded with equal parts 

of xylol and acetone and then drained 
and flooded with xylol and left until 
clear.

7. The slides were drained and mounted in 
D.P.X.

The object of using this method was to determine the 
turnover of ribonucleic acid in the various structures 
of the ovary which is an indication of protein turn
over and a likely index of enzyme activity and general 
cellular activity. The small amount of tissue in the 
average rat ovary made it difficult to apply specific 
methods for the numerous enzymes associated with the 
various metabolic pathways.

Control sections were treated with ribonuclease 
before staining. Frozen sections were used in this 
method. Paraffin prepared sections of ovarian tissue 
did not provide such good results with the pyronin 
stain.

3, Oil Red 0
This is a general stain for lipids. The method used 
was that of Lillie and Ashburn (1943).

Staining Solutions

A saturated solution of Oil Red 0 (0.25 - 0.5%)
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was made up in isopropyl alcohol - this is a 
stock solution. It was used by diluting 3 parts 
of the stock solution with 2 parts distilled 
water. This was allowed to stand for 10 minutes 
and then filtered. This solution had to be used 
within 1 hour.

The staining solution will keep only for 1 to 
1& hours. After this time precipitation of the 
dye occurs.

Staining Method

1. The sections were cut.
2. Well washed frozen sections were placed

in the staining solution in a small closed 
container for 10-15 minutes. Gentle 
agitation aided even staining of the lipids.

3. The sections were lifted from the stain and 
transferred quickly to another dish contain
ing 60% alcohol. These were differentiated 
until the background was clear.

4. The sections were washed in water.
5. The nuclei were counterstained with 

haematoxylin. The time used was short to 
avoid the need for differentiation.

6. The haematoxylin was made blue with 1% 
disodium phosphate or tap water.

7. The sections were floated onto slides and 
mounted in glycerine jelly.



72

The lipids were stained various shades of bright 
red and the nuclei blue.

This is useful for a steroid producing tissue such 
as the ovary. During the period of active steroid 
production the turnover of lipids will be rapid, and 
stained deposits will be in the form of fine droplets 
forming an intra-cellular emulsion. In degenerative 
processes or when steroid production is low and lipid 
is not being utilised deposits are likely to consist 
of large droplets of varying sizes forming a coarse 
emulsion. This provided a rough guide to the rate 
of steroid production in the various structures in 
the ovary.

4, Steroid Dehydrogenases

The basis of demonstrating the sites of activity of 
these steroid dehydrogenase enzymes was as follows:

The tissue was incubated with a chosen steroid 
substrate mixture.

Co-enzymes in the form of nicotinamide adenine 
dinucleotide (NAD) were added.

The tissue dehydrogenase oxidised the steroid by 
splitting off hydrogen. This was accepted by the 
co-enzyme. In normal circumstances the co-enzyme 
would hand on the hydrogen to the general respiratory 
system of the cells. To prevent this a respiratory 
inhibitor was incorporated in the incubation mixture.
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In addition, a colourless substance which on 
reduction became an insoluble pigment was also 
added to the incubation mixture. The reduced co-enzyme 
handed on its hydrogen to this colourless substance and 
pigment was deposited at the sites of enzyme activity. 
In the present investigations an attempt was made to 
demonstrate the activity of 33 steroid dehydrogenase.

Table 3 shows the incubation mixture for 33 steroid 
dehydrogenase acting on the conversion of Dehydro- 
epiandrosterone to Androstenedione.

Method
Materials had to be as fresh as possible to preserve 
enzyme activity. The tissue was placed on the cryostat 
block. A drop of O.C.T. compound (Lab-Tech Products) 
was applied and the whole was frozen by a spray of 
instant Freezing Aerosol (Dichlorofluoro).

Sections were cut on a Slee freezing microtome at 
-20^C and mounted on coverslips. Sections dried 
quickly in the microtome environment. Staining had 
to be carried out as quickly as possible.

1. The reagent mixture was filtered onto mounted 
sections and incubated for 1 hour at 37^C using 
a container as small as possible which closed, 
and contained a pad of cotton wool soaked in 
Tris-Tyrode solution. This prevented evaporation 
of the staining mixture.

2. Excess fluid was dried off.
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SUBSTANCE CONCENTRATION ACTION

1
Dehydroepiand
rosterone 
dissolved in 
dimethyl 
formamide

0.3 ml. Steroid
which
dehydrogenase
acts

2
Polyvinyl
Priolidone

5.7 ml.
6.1% in Tris
Tyrode
solution

To prevent 
diffusion of 
reaction 
product

3 Potassium
Cyanide

0.25 ml. of 
0.91%

Respiratory
inhibitor

4 Nicotinamide
adenine

2.2 mg. Co-enzyme
hydrogen
acceptor

5 Nitro Blue 
Tétrazolium

0.45 ml. Dye

6

Dimethyl-
sulphoxide

0.̂ 35 ml. Increases 
substrate 
solubility 
and helps 
penetration 
of cells

Table 3. Steroid Dehydrogenase Incubation Mixture
Incubation mixture for 33 steroid dehydrogenase 
acting on the conversion of Dehydroepiandrosterone 
to Androstenedione,
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3. The sections were fixed in 10% formol saline
for 10 minutes.and then washed for 5 minutes.

4. The sections were counterstained in carmalum
for 5 minutes and then washed and mounted in
glycerol jelly.

The sites of the enzyme activity, appear as tiny black 
or dark blue spherical granules.

Control sections were incubated in the same mixture 
minus the specific substrate.

Interpretation of the results was difficult due to 
the presence of other reducing compounds in the tissue. 
False positive black deposits were common in the 
lipid bearing cells although they possessed no specific 
enzymes. These deposits were generally large and 
irregular. Another difficulty with this method was 
that the degree of staining and even the distribution 
varied with the time of incubation. Much of the 
confusion was eliminated by the use of control sections 
An attempt at visual assessment was made but in view 
of the presence of large amounts of lipid in many of 
the structures in the ovary of the hypophysectomized 
animal this must be regarded as a rough and subjective 
estimate.

3B steroid dehydrogenase is a key enzyme in the sex 
steroid metabolic pathway, operating at two levels.

The method using DHA specifically tested for the 
action of 33 steroid dehydrogenase at point (2) in
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the following diagram. This reaction also involved 
an isomerase enzyme in the tissues which converted 
the delta 5 compound DHA to the delta 4 compound 
Androstendione.

Pregnenolone— »17a oH Pregnenolone
33 Steroid
Dehydrogenase— ( 1)---- *■

Progesterone 
17a oH Progesterone

Oestrone^—  Androstenedione

Oestradiol<—  Testosterone

Dehydroepiand-
rosterone

 ̂33 Steroid 
Dehydrogenase (2)

The site of action of 33 Steroid Dehydrogenase
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FOLLICLE CLASSIFICATION AND ATRESIA

In order to make comparisons between the various 
groups of experimental animals it was necessary to 
provide some definitions of the structure and 
particularly the types of follicles and the changes 
they undergo. The following methods were adopted:

I. Classification of Follicles

For convenience of description a simple and 
efficient method of follicle classification (Mandl 
and Zuckerraan, 1950, 1951a.b; Green, Mandl and 
Zuckerman, 1951) was used. It will be noted that 
the diameter of the oocyte increases very rapidly 
in the first four stages of follicle growth (Mandl 
and Zuckerman, 1951c), it then remains more or 
less stationary in size while the follicle continues 
to expand (Brambell, 1928).

Stage I - Oocytes covered by one layer of flattened 
or rounded granulosa cells. These follicles are 
seen mainly in the cortex just underneath the 
tunica albuginea. Each follicle consists of an 
oocyte varying in size from 10 to 20 ]i in diameter 
and surrounded by a single layer of flattened or 
rounded pre-granulosa cells. The nucleus of the 
oocyte takes up most of the cell, being 8 to 12 p 
in diameter. Chromatin is rather dense and the 
nucleolus, if present, cannot be defined. The 
pre-granulosa cells are spindle-shaped and have
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little cytoplasm (Fig. 9)

stage II - Oocytes covered by one layer of 
cubical granulosa cells. In these follicles the 
oocyte slightly increases in size, mainly by 
accumulation of cytoplasm, A nucleolus becomes 
apparent and the chromatin network is looser.
The pre-granulosa cells change into a single 
layer of cubical granulosa cells. They have 
little cytoplasm at this stage but are epithelial 
in appearance (Fig, 10)

Stage III - Oocytes covered by two layers of 
cubical granulosa cells. The main changes in 
the succeeding stages of follicle growth are 
concerned with a progressive increase in the 
size of the oocyte and proliferation of the 
granulosa cells to form a two-layered mantle 
around the oocyte. By the time the granulosa 
cells have increased to two layers the oocyte 
has almost doubled in size. The increase is 
particularly in the cytoplasm which now shows 
an accumulation of ribonucleic acid and one or 
two tiny globules of lipid. The nucleus and 
the nucleolus are double in size. Granulosa 
cells are also increased in size.

Stage IV - Oocytes covered by three layers of 
cubical granulosa cells. At this stage three 
layers of granulosa cells have been produced.
The oocyte is now three times its original size,
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Fig. 9.
High power view of two normal Stage 1 (A) and two 
Stage 2 (B) follicles. In addition to the
development of a granulosa layer, this shows the
progressive enlargement of the oocyte in Stage 2
follicles. H. & E. X 400.
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*

Fig. 10.
This is a normal relatively early pre-antral 
follicle with three layers of granulosa cells 
(Stage 4) . H 8s E X 400 .
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again mainly due to cytoplasmic increase. The 
outermost layer of granulosa cells tends to 
have a pallisade arrangement with low columnar 
shape whereas the more internal cells are 
irregularly polygonal. Their nuclei are small 
and round. By this time the cytoplasm is more 
evident and gives a strong positive reaction 
for ribonucleic acid. There is no evidence 
of lipid in these cells and no reaction for 
33 steroid dehydrogenase. The outermost layer 
of cells rests on the delicate basement membrane. 
At this stage the zona pellucida is beginning 
to form. Stromal cells around the follicle 
have no particular arrangement

Stage V - Oocytes covered by four or more 
layers of cubical granulosa cells but with antrum 
absent. At this stage the oocyte occupies a 
central position within the mass of granulosa 
cells. On average the oocyte reaches its 
maximum size when it is covered by four layers 
of granulosa cells and before an antrum appears 
(Mandl and Zuckerman, 1951), From the four layer 
granulosa stage onward the surrounding stromal 
cells become arranged in concentric layers, which 
increase in number to form a distinctive cell 
mantle around the follicle - the theca. The 
cells of this zone are initially plump spindles 
but with an increase in cytoplasm they become
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polygonal and more epithelial in appearance.
Fine lipid droplets develop in the cytoplasm 
of these cells and a positive reaction for 33 
steroid dehydrogenase is obtained, especially 
in the polygonal cells. Small capillaries are 
present in this layer but they do not penetrate 
the basement membrane of the granulosa cells.
The largest follicle of this type measured 0.2mm 
in diameter (Figs. 11 and 12)

Stage VI - Follicles with an antrum. This stage 
of development sees the appearance of two or 
three droplets of fluid among the granulosa 
cells to one side of the oocyte. Occasionally 
the granulosa cells bordering these droplets may 
show degenerative changes such as pyknosis of 
nuclei. In most instances however the cells are 
healthy and the increase in fluid does not appear 
to be accompanied by an undue increase in 
pressure. The droplets coalesce and the pool 
of fluid enlarges. The oocyte with an attendant 
mass of granulosa cells, the cumulus oophorus, 
is pushed to one side giving a signet-ring 
appearance to the follicle. The process of 
fluid accumulation and proliferation of cells 
continues. An arbitrary size was chosen to 
classify these follicles. The antral follicles 
were divided into three groups: small - 0.2mm, 
medium - 0.3mm and large - 0.4mm and over. The
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Fig. 11.
A Stage 5 pre-antral follicle with four layers of 
granulosa cells. H. & E. X 312.
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Fig. 12
Low power view of an early antral follicle. A zona 
pellucida has formed and the oocyte has reached its 
maximum size. H. & E. X 312.
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granulosa cells of medium sized follicles form 
a layer of 8-10 cells thick in the wall of the 
follicle away from cumulus oophorus. The thecal 
cells of these follicles are arranged in three 
or four layers. Large antral follicles represent 
pre-ovulating follicles. The granulosa cells of 
these large antral follicles fohm six to eight 
layers deep but on one side of the follicle this 
may be reduced to three or four. The thecal 
cells are epithelial in appearance and are of the 
theca lutein type (Pigs.13 and 14).

II. Follicular Atresia

Follicular atresia is the process by which 
oocytes are lost from the ovary other than by 
ovulation. Atresia is normally recognised on 
morphological grounds owing to changes in the 
oocyte and follicle around it.

Atresia can affect all stages of follicular 
growth from primordial to mature graafian, 
although atresia is most commonly observed in 
follicles with antra (Ingram, 1962).

Atresia is responsible for the elimination of 
most of the germ cells and regulates the number 
(and possibly the quality) of the oocytes which 
are ovulated (Baker and Wai Sum 0, 1976).
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Fig.13
A medium sized antral follicle. The thecal layer 
is well formed but the cells are still spindle- 
shaped and not as yet luteinized. H. & E. X 312.
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Fig. 14
Antral follicle with ten layers of granulosa cells 
on wall opposite the cumulus. The thecal cells are 
becoming cuboidal and luteinized. H. & E. X 300.
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Atresia in Antral Follicles: The granulosa
cells shrink, lose cytoplasm and their nuclei 
become smaller and darker. Tiny dark granules 
appear among the cells. These are fragments of 
chromatin (Matthews, 1941). The granulosa cells 
soon acquire lipid in their cytoplasm in large 
globules (Deane and Andrews, 1953). The 
granulosa cells loosen and some float into the 
antral fluid where they undergo further 
degeneration producing amorphous debris (Allen 
et al, 1930). A few leucocytes may appear 
among the cells and in the antral fluid 
(Stockard and Papanicolaou, 1917). The basement 
membrane of the granulosa cells thickens and is 
much more prominent. The thecal cells become 
swollen and their cytoplasm is filled with 
coarse emulsion of lipid (Brambell, 1956).

Ultimately the atretic follicle consists of a 
tiny space approximately the size of a primordial 
follicle surrounded by three or four layers of 
swollen fatty thecal cells with tiny pyknotic 
nuclei. Care has to be taken to distinguish 
these degenerate thecal cells from interstitial 
cells,

A large antral follicle may be converted into a 
cyst lined with a single layer of flattened or 
low cubical epithelial cells. The antral fluid
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usually contains amorphous debris and a small 
number of leucocytes. Thecal cell layers are 
seldom present (Fig.15 ).

Atresia in Small Pre-Antral Follicles : Oocytes
of follicles in Stages 1, 2 and 3 become distorted 
mainly by the crinkled appearance of the nuclear 
membrane (Ingram, 1962), The cytoplasm is deeply 
eosinophilic, while the nucleus becomes irregular 
in shape (Kramer et al., 1933) and dark and without 
internal structure (Stockard and Papanicolaou, 
1917). The cytoplasm can sometimes become 
vacuolated and occasionally one or two mononuclear 
cells, possibly phagocytic (Clark, 1923), appear. 
The granulosa cells shrink and their nuclei 
become pyknotic and fragmentary. Ultimately the 
follicle disappears without trace.

Atresia in Large Pre-Antral Follicles: Follicles
in Stages 4 and 5 show minor difference in the 
atretic process due to the presence of zona 
pellucida. The oocytes degenerate and then 
disappear leaving a tiny empty distorted cyst 
surrounded by the persisting zona (Harrison, 1948). 
The large pre-antral follicles with theca show a 
rather degenerate granulosa cell layer but a very 
prominent thick theca (Zuckerman and Parkes, 1932) 
(Fig. 16 ). Fig, 17 demonstrates many features of 
early atresia in large pre-antral follicles.
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Fig.15
This section shows a small antral follicle in the 
centre of the illustration (A ) and three other 
antral follicles undergoing atresia. The follicle 
in the top right hand corner of the illustration 
(B) is fairly advanced in atresia; granulosa cells 
have desquamated and free granules of chromatin 
are present. H. a E. X 130.
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Fig. 16
This is an illustration of a large pre-antral 
follicle undergoing atresia, cut obliquely. It 
shows chromatin granules in the granulosa and a 
very prominent thecal layer. H. & E . X 312.
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Fig. 17
Early atresia in a large pre-antral follicle. The 
oocyte nucleus is pyknotic, the zona pellucida is 
distorted. Granulosa cell nuclei vary in size and 
shape. H. & E. X 312.
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FOLLICLE COUNTS

Counts of follicles in complete ovaries were made in
the following manner:

1. Each ovary, after fixation and paraffin embedding, 
was serially sectioned, the sections being cut at 
a thickness of 7 p,

2. All sections were mounted and stained by 
haematoxylin and eosin.

3. The oocytes were classified in developmental 
stages according to Mandl and Zuckerman, 1951.

4. Each follicle beyond Stage 2 was counted.

5. In order to avoid counting the same follicle twice 
the follicle had to contain not only a nucleated 
oocyte but the section had to pass through the 
nucleolus at its maximum diameter. This procedure 
made it unnecessary to apply a correction factor 
to the counts for these multi-layered follicles.

One ovary from each experimental animal was available
for this purpose. Counts were carried out in the
following groups:

1, Hypophysectomized animals killed seven days after 
operation.

2, Hypophysectomized animals given various doses of 
FSH and killed at intervals thereafter as 
specified in the design of experiment.
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3. Hypophysectomized animals given various doses 
of LH and treated as in 2.

4. Hypophysectomized animals given a constant dose 
of FSH plus various doses of LH and treated as 
in 2.

STATISTICAL ANALYSIS OF FOLLICLE COUNTS

In the experimental groups two animals were used for 
each dose of hormone, e.g. 25 ug, 50 ug, 75 Ug and 
100 pg FSH) and each time interval, i.e. 1 hour, 6 
hours, 12 hours, 24 hours and 48 hours. Follicle 
counts were carried out on one ovary from each animal 
at each dose level and time interval. Two ovaries 
were therefore used at each point. The follicle 
counts from these two ovaries were added together, 
and divided by two to provide an average figure.

Following the construction of graphs it was obvious 
that an increase in the follicle count with any 
particular hormone or mixture of hormones commenced 
at the 6 hour interval and reached a maximum at the 
24 hour point. It was impossible, because of the 
number of specimens, to analyse statistically the 
values for each time interval. The following 
procedure was adopted. In order to compare the 
activity of different doses and different hormones 
the counts at 6, 12 and 24 hours were summated for 
each dose level. Means and standard deviations 
were derived from the individual values.
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Follicle counts were carried out on animals killed 
on days 5, 6, 7 and 8 following hypophysectomy. Two 
animals were killed each day and one ovary from each 
animal was used for counting. A total of eight ovaries 
were analysed in this way. The counts were summated 
and a mean value and standard deviation calculated.

The mean values for each hormone injected group were 
statistically compared with the value obtained for the 
post-hypophysectomy group.
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RESULTS

CYCLICAL CHANGES- IN THE INTACT MATURE FEMALE RAT

The following is a simplified description of the 
cyclical changes observed in the ovary:

At oestrus large antral follicles were present, the 
granulosa cells of which appeared small in size and 
rounded in shape with a small pyknotic nucleus and 
very little cytoplasm. The nuclear membranes 
appeared wrinkled and nucleoli were not apparent. 
Cytoplasm varied in amount, many cells having little. 
Special stains showed that these cells lacked RNA 
and contained large amounts of lipid material. 
Staining for 33 steroid dehydrogenase gave a false 
reaction as positive staining was seen in the 
control sections. Sometimes small fragments of 
chromatin appeared in the place of the nucleus 
(apoptosis).

The theca cells of these large antral follicles were 
very much swollen with large vesicular nuclei and 
vacuolated cytoplasm. Special stains showed that 
these cells were deficient in RNA but rich in large 
globules of lipid, while the 33 steroid dehydrogenase 
reaction was falsely positive. The antra of these 
follicles contained a considerable amount of debris. 
At the same time, the ovary contained healthy small 
antral follicles, lined by cubical granulosa cells 
which showed mitotic activity. The associated theca
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cells were plump and spindle shaped with finely 
vacuolated cytoplasm. Special stains showed that 
these follicles were rich in RNA both in the granulosa 
and theca layers. Fine lipid granules were present 
in the theca, the cells of which gave a positive 
reaction for 3g steroid dehydrogenase.

The interstitial tissue consisted of small polygonal 
cells with rounded nuclei and basophilic cytoplasm. 
Special stains showed that it was rich in RNA and 
contained fine lipid granules. A slight positive 
reaction for 33 steroid dehydrogenase was obtained.

Twelve hours later there was a mixture of medium and 
small antral follicles as well as pre-antral 
follicles. In the medium sized follicles the 
granulosa cells showed little sign of mitosis. The 
cells however were normal and showed no sign of 
degeneration. Thecal cells showed large swollen 
nuclei and vacuolated cytoplasm. Special stains 
showed that these follicles were rich in RNA but the 
granulosa cells may have contained fine lipid 
granules. Thecal cells may have contained large 
lipid granules. They still showed a positive 
reaction for 33 steroid dehydrogenase. The small 
antral follicles were rich in RNA and contained no 
lipid granules, Pre-antral follicles were compact 
structures with no thecal reaction and the granulosa 
cells were very rich in RNA and contained no lipid.
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The interstitial tissue cells showed no change.
Twenty four hours after oestrus the number of small 
antral follicles and pre-antral follicles were 
increased whereas medium sized follicles were less 
frequent. The large degenerate follicles noted at 
oestrus showed more advanced changes and some were 
in process of disappearing. There was a reduction 
in the size of the nuclei of the interstitial cells. 
Their cytoplasm, which was abundant, contained large 
lipid granules, Thirty hours after oestrus there 
was a mixture of atretic and growing medium sized 
follicles but the number of healthy follicles out 
numbered the atretic ones. There were only small 
numbers of small pre-antral follicles. Special 
stains showed that the degenerating follicles contained 
very little RNA and the theca cells were loaded with 
coarse lipid granules. Growing follicles were as 
usual rich in RNA and no lipid could be found in the 
granulosa layer. Even in the thecal layer it was 
scanty and in the form of very fine granules. The 
interstitial tissue cells now had a spindle-shaped 
nucleus with little cytoplasm. Such cytoplasm as 
was present looked pale and had lost its basophilic 
stain. Special stains showed that these cells 
contained little RNA, Fine droplets of lipid were 
present and a slight positive reaction for 33 steroid 
dehydrogenase was present. Thirty six hours after 
oestrus there was much more activity and the number
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of medium and small antral and pre-antral follicles 
was much increased. One or two atretic medium sized 
antral follicles were present. The interstitial 
tissue cells were larger and contained slightly more 
RNA.

The picture in the ovary remained the same for the 
following twenty four hours but some pre-antral 
follicles with 2-3 layers of granulosa cells and an 
apparent zona pellucida had a thick thecal layer.
The thecal cells possessed abundant vacuolated 
cytoplasm with little RNA but abundant coarse lipid 
granules. The reaction for 33 steroid dehydrogenase 
was falsely positive. Sixty hours after oestrus the 
follicles were mostly of small pre-antral and small 
antral type. There was no evidence of medium sized 
or large antral follicles. The interstitial cells 
contained very little RNA but numerous coarse lipid 
granules. Sixty six hours after oestrus medium sized 
antral follicles had again appeared. The granulosa 
cells of these follicles showed mitotic activity.
The surrounding thecal cells had large nuclei and 
abundant cytoplasm. Both the theca and granulosa 
cells of these follicles were rich in RNA, The 
cytoplasm of the thecal cells contained fine lipid 
granules. More RNA and less lipid were present in 
the interstitial cells which had a less vacuolated 
cytoplasm. Small antral and pre-antral follicles
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were also present at this stage. Seventy two hours 
after oestrus it was very similar to that at sixty six 
hours but more pre-antral follicles showing active 
mitosis in the granulosa layer were seen. The 
interstitial tissue cells were now basophilic and 
contained more RNA and less lipid. Eighty four hours 
and ninety hours after oestrus the follicular 
population consisted of large and medium sized antral 
types and a few of the pre-antral variety. In almost 
all of the large antral follicles there was an 
absence of mitosis in the granulosa layer. Many of 
the cells had little cytoplasm and indeed some showed 
apoptosis. The thecal cells of these follicles had 
large swollen nuclei and abundant vacuolated 
cytoplasm rich in RNA and contained fine lipid 
granules. These cells were now epithelialized; in 
the usual terminology, luteinized. The interstitial 
tissue cells had abundant basophilic cytoplasm, rich 
in RNA but with little lipid (Fig.18 ).

At the end of oestrus an average of five to six fresh 
corpora lutea could be seen on the outer surface of 
each ovary as pale rounded bodies. On cross section 
these bodies were surrounded by compressed stromal 
tissue. The corpus luteum contained large cells 
with abundant pale basophilic finely vacuolated 
cytoplasm, with a large rounded vesicular nucleus 
and prominent nucleoli (Figs. 19 and 20). Very
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Fig. 18
High power view of normal interstitial cells. The 
cytoplasm is plentiful and basophilic. Nuclei are 
relatively large, round or oval with dispersed 
chromatin. H. & E. X 600.
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Fig. 19
Normal early corpus luteum. The cells are large 
with abundant cytoplasm which is basophilic.
H. & E. X 150.
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Fig. 20
High power view of fully functioning corpus luteum 
The cells are large with abundant luteinized 
cytoplasm. Special stains reveal a high content 
of cytoplasmic RNA and a fine emulsion of lipid.
H. & E. X 600.
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few mitotic figures could be seen. The cells were 
supported by a fine reticular network with large 
sinusoidal capillaries. They were rich in RNA as 
evidenced by strongly positive PMG stain and 
contained fine lipid droplets, A very strong 
positive reaction was obtained in tests for 33 
steroid dehydrogenase (Fig. 21).

No histological change was noticed in corpus luteum 
cells until thirty six hours after oestrus. The 
cytoplasm now contained slightly less RNA and more 
fine lipid granules. Their nuclei were possibly 
slightly smaller. Sixty hours after oestrus the 
luteal cells were smaller and the cytoplasm less in 
amount and more vacuolated, RNA was much reduced 
and coarse lipid globules appeared in the cytoplasm, 
3 3 steroid dehydrogenase was difficult to assess. 
Between sixty six and seventy eight hours after 
oestrus, the luteal cells had become much smaller 
and the intracellular lipid granules were slightly 
reduced. The cells of the supporting reticulum 
were now prominent and had more the appearance of 
fibroblasts and the reticular fibres had become 
collagenous, Eighty four to ninety hours after 
oestrus there was a definite degeneration of luteal 
cells. They were very much smaller and irregular 
in shape, with nuclei of varying size, some of 
them pyknotic (Figs. 22 and 23). The phenomenon
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Fig. 21
This shows a positive reaction for 33 steroid 
dehydrogenase in an active corpus luteum and 
related interstitial tissue. X 130.
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Fig.22
High power view of degenerative corpus luteum 
(oestrus + 90 hours). The cells are small with 
reduced cytoplasm. Some show nuclear pyknosis. 
Numerous stromal nuclei are present. H. & E.
X 600.
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Fig. 23
Illustration showing corpus luteum 84 hours after 
oestrus. There is a small central space surrounded 
by fibrous tissue. The luteal cells are in general 
smaller and vary in size and shape. Spindle-shaped 
fibroblast nuclei are plentiful. H. & E. X 312.
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of apoptosis did not seem to occur in luteal cells. 
The number of fibroblasts was much increased, and 
the corpora lutea as a whole shrunken by the 
effect of degeneration of the luteal cells and 
contracture of fibrous tissue.

The functional results of these cyclical ovarian 
changes were seen in the uterine horns and vagina of 
the animal. As the animal approached oestrus the 
uterine horns and vaginal tissue became more vascular 
A progressive enlargement of the uterine horns took 
place. Following ovulation and corpus luteum 
formation the horns became greatly swollen, and 
transluscent due to distension with fluid (Fig.24 ).
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Fig. 24
Uterus and ovaries removed from normal rat killed 
12 hours after oestrus. The ovaries are large 
and contain corpora lutea and the uterine horns are distended.
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EFFECT OF HYPOPHYSECTOMY ON THE MATURE FEMALE HAT 
EFFECT OF HYPOPHYSE CTOMY ON TOTAL BODY WEIGHT

Hypophysectomy caused immediate cessation of any 
body growth and, apart from a temporary drop in the 
body weight immediately after the operation which 
can be explained by the effect of the anaesthetic 
and the immediate effect of hypophysectomy on 
carbohydrate metabolism, the animal will never reach 
the weight of the intact control and, if not well 
looked after, will never reach its weight at the 
time of operation.

It is known that a normal rat will gain an average of 
4 grams per week (Donaldson, 1924) but the hypophy- 
sectomized animals failed to gain such weight and in 
fact they lost an average of 6 grams per week. As 
the animals in this experiment were well fed they 
gradually recovered some of this loss (Fig. 25 and 
Appendix II ).

THE EFFECT OF HYPOPHYSECTOMY ON THE' OVARIAN AND 
UTERINE WEIGHTS

Both ovaries and the uterus of the hypophysectomized 
rat showed a progressive loss of weight following 
the operation. The graph in Fig, 26 shows the very 
steep fall in the net weight of the ovaries during 
the first seven days following the operation. 
Thereafter the grajhline is much less steep and by 
the twentieth day the line has levelled out and the 
ovarian weight remained constant over the next eight
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O V A R I A N  W E I G H T
0 . 0 4 _

0.02-

Fig. 26 This shows the changesin ovarian weight in hypophy
sectomized animals with the passage of time.

gm.

0 . 4 -

U T E R I N E  W E I G H T

0.2-

1 10 1 5 20 2 5 DAYS

Fig, 27 This shows the changes in the uterine weight in
hypophysectomized animals with the passage of time.
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days. Comparison with the intact animal^showed 
that this fall in weight was significant in all 
cases (Tables 4 and 5), Forty eight hours after 
hypophysectomy the ovary had lost 25% of its weight 
and 10-12 days after hypophysectomy almost 50% of 
its weight. *See Appendix I.

In the case of the wet weight of the uterus of the 
hypophysectomized rat (Fig. 27) the changes were 
less dramatic but it can be seen that the steep 
fall in weight took place after the seventh day 
post-hypophysectomy when the ovarian changes were 
virtually maximal. Statistical analysis showed that 
the changes in the uterine weight were significant 
(Tables 6 and 7). Appendix II.
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Experiment N o . Mean
Standard
Deviation

Intact Control 10 0.0581 0.0003

Hypox. 
Day

Control
1 10 0.0539 0 .0029

Day 2 8 0.0420 0.0021
Day 3 8 0.0391 0,0016
Day 4 8 0.0388 0 .0006
Day 5 —8 8 0.0327 0.0029
Day 9-12 8 0.0296 0.0022
Day 13-16 8 0,0274 0.0011
Day 17-20 8 0.0251 0.0024
Day 21-24 8 0.0225 0 .0015
Day 25-28 8 , 0.0223 0,0008

Table 4
The mean and standard deviation of the ovarian weight of 
Hypophysectomized Controls from day 1 to day 28 following 
operation compared with Intact Controls.

Experiment
Degree of 
Freedom t . V alue

Degree of 
Significance

Intact Control Day 1 
vs. Hypox. Control

Day 1 18 4.3218 P 0,001
Day 2 16 22.5715 P « 0.001
Day 3 16 43.4206 P 0.001
Day 4 16 83.7105 P < 0 .001
Day 5 -8 ■ 16 25.9402 P 0.001
Day 9-12 16 60.9264 P 0.001
Day 13-16 16 150.1074 P < 0.001
Day 17-20 16 40 .6000 P 0.001
Day 21-24 16 69.0538 P 0 .001
Day 25-28 16 123,0420 P 4 0.001

Table 5
Comparison of the ovarian weights of the hypophysectomized 
control group (Day 1-28 after operation) with the intact 
control group (Day 1) using t, test.
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Experiment No. Mean
Standard
Deviation

Intact Control 10 0.3802 0.0081

Hypox. Control
Day 1 .10 0.3345 0.0042
Day 2 8 0.3240 0.0073
Day 3 8 0.3235 0 .0066
Day 4 8 0.3138 0.0079
Day 5- 8 8 0.2951 0,0149
Day 9-12 8 0.2491 0.0172
Day 13-16 8 0.2258 0.0053
Day 17-20 8 0.2276 0.0077
Day 21-24 8 0 ,2027 0.0034
Day 25-28 8 0,2030 . 0,0049

Table 6
The mean and standard deviation of the uterine weight of 
Hypophysectomized Controls from day 1 to day 28 following 
operation compared with Intact Controls,

Experiment
Degree of 

. . Exe.e.dom . t . Value
Degree of 
Significance

Intact Control Day 1 
vs, Hypox. Control

Day 1 18 15.0261 P 4 0 .001
Day 2 16 14.4048 P < 0 .001
Day 3 16 11.7135 P 4 0.001
Day 4 16 15.0855 P 4 0.001
Day 5— 8 16 14.5513 P 4 0.001
Day 9-12 16 20.1079 P < 0.001
Day 13-16 16 43.8705 P C 0,001
Day 17-20 16 38.2740 P < 0.001
Day 21-24 16 54.7076 P « 0,001
Day 25-28 16 51.3084 . P < 0.001

Table 7
Comparison of the uterine weights of the hypophysectomized 
control group (Day 1-28 after operation) with the intact 
control group (Day 1) using t . test.
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HISTOLOGICAL CHAFTGES IN RAT QVARIES FOLLOWING 
HYPOPHYSECTOMY

The results from sham-operated animals and intact 
animals were indistinguishable. (Appendix I)

It was found that the injection of sodium phosphate 
buffer, pH 8.0 on the seventh day after hypophysectomy 
had no effect on the histological appearance of the 
ovary or on the ovarian or uterine weight of hypophy
sectomized rats.

Following hypophysectomy there was a short initial 
period when the ovaries appeared to be unaffected but 
subsequently a progressive structural breakdown in 
all of the specialised tissues took place. This 
degenerative change followed a regular pattern with 
an orderly sequence of events.

During the first twelve hours after hypophysectomy 
in the oestrous rat no apparent change occurred. 
Primordial follicles were present but were relatively 
inconspicuous. Several Stage 2 follicles were 
present. Many pre-antral follicles could be seen. 
Early, medium and large antral follicles were present 
in small numbers but not more than two or three of 
the latter. All were structurally intact. The 
granulosa cells gave a strong reaction for ribonucleic 
acid. A positive staining for 3g steroid dehydrogenase 
was seen in the theca of small and medium sized antral 
follicles. In H. and E. sections these cells were
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polygonal with a foamy cytoplasm. The thecal cells 
of large antral follicles gave a positive reaction 
for 33 steroid dehydrogenase and in an occasional 
follicle a few of the peripheral granulosa cells 
also reacted. Staining with Oil Red 0 showed the 
presence of fine lipid granules in the theca of 
small, medium and large antral follicles.

Corpora lutea were the same size as in normal animals 
(0.7-1.0mm). Ribonucleic acid and 33 steroid 
dehydrogenase were present in large quantities.

The interstitial cells were also normal in appear
ance, polygonal with small round nuclei and slightly 
basophilic cytoplasm. Ribonucleic acid was present 
in these cells.

Eighteen hours after hypophysectomy the first signs 
of degeneration appeared in the large antral 
follicles showing a loosening of the cells of the 
granulosa layer so that the orderly compact appear
ance was lost. The peripheral layer of cells 
ceased to have an orderly pallisaded arrangement. 
Apart from loosening there was an alteration in the 
shape of the cells which were now irregularly 
polygonal. Some nuclei were pyknotic and fragments 
of chromatin were seen. The cytoplasm was no longer 
basophilic and the ribonucleic acid content was much 
reduced. Although the thecal cells appeared to be 
relatively normal in preparations stained by
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haematoxylin and eosin, there was a reduction in the 
RNA content of these cells also. Oil Red O revealed 
the presence of lipid in both the granulosa and theca 
with some large droplets. Control sections showed 
that the apparently positive reaction for steroid 
dehydrogenase was false in these lipid laden cells.

No particular change could be found in smaller antral 
follicles or pre-antral follicles of all sizes and 
their histochemical reactions for RNA and steroid 
dehydrogenase remained normal. In some of the corpora 
lutea a few of the cells contained large globules of 
lipid but in general the histological appearance of 
these bodies was normal and the cells were still rich 
in RNA and gave a strong response for 3g steroid 
dehydrogenase. Similarly, the interstitial cells 
remained plump and polygonal with healthy nuclei and 
slightly basophilic cytoplasm. They too possessed 
RNA and gave a slight reaction for 33 steroid 
dehydrogenase.

Twenty four hours post-hypophysectomy more pronounced 
changes had taken place. Large antral follicles 
showed advanced atretic changes. In a few the 
granulosa layer had disappeared completely but in 
others numerous chromatin fragments floated free in 
the antral space. No intact cells could be seen.
The thecal cells formed large bloated masses with 
clear cytoplasm and small pyknotic nuclei surrounding
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the antrum. Oil Red 0 showed that these bloated 
cells were filled by a coarse emulsion of large lipid 
globules. They were completely devoid of RNA. The 
reaction for 33 steroid dehydrogenase was manifestly 
false and this was confirmed on examination of 
control sections.

Thirty hours post-hypophysectomy early degenerative 
changes, such as were seen in the large antral 
follicles at twenty four hours post-hypophysectomy, 
were now evident in small and medium sized antral 
follicles. The granulosa layers showed the same 
tendency to loosening of cells, pyknosis and 
accumulation of lipid. Lipid had also increased in 
the thecal cells and in both layers the ribonucleic 
acid content was reduced. Pre-antral and Stage 2 
and 3 follicles were intact and the corpora lutea 
did not appear to have changed their morphology.
There was no increase in the large lipid globules;
RNA was still abundant and the reaction for 33 steroid 
dehydrogenase was positive. There was a loss of 
basophilia in the interstitial cells; the cytoplasm 
was now pale and slightly eosinophilic. Ribonucleic 
acid was much diminished and Oil Red 0 revealed an 
increase in the amount of cytoplasmic lipid.

In a few of the pre-antral follicles the thecal 
layer was very thick, consisting of plump spindle 
shaped cells with granular cytoplasm. At some points



120

these plump thecal cells appeared to have grown 
through the basement membrane and were invading and 
replacing the granulosa cells. This would appear to 
be an exaggerated form of the changes occasionally 
seen in pre-antral follicles undergoing atresia 
during the normal oestrus cycle,

A further six hours resulted in advanced changes in 
all antral follicles. Large antral follicles had 
virtually disappeared. Comparison of the appearances 
at this time with those in animals killed earlier 
indicated that the antra of these large follicles had 
shrunken and their presence was now indicated by 
collections of bloated lipid laden thecal cells 
surrounding small spaces, Small and medium sized 
antral follicles now exhibited all the changes which 
took place during atresia of the large follicles as 
previously described (Fig. 28). An odd intact small 
antral follicle was seen in some animals at this time 
but staining with Oil Red 0 revealed an increased 
accumulation of large lipid globules in the theca and 
a few small globules in the granulosa. Pre-antral 
and Stage 2 and 3 follicles were generally normal in 
appearance but one or two of the larger pre-antral 
follicles (Stages 4 and 5) showed loosening of the 
granulosa cells and there was a reduced content of 
RNA in their cytoplasm. Surprisingly little change 
was noted in the corpora lutea apart from a possible 
slight reduction in the cytoplasmic RNA, It was
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Fig. 28
Thirty-six hours after hypophysectomy large and 
medium sized follicles have degenerated. In this 
figure a medium sized follicle in advanced atresia 
is shown. A small two-layer pre-antral follicle 
is still present. H. & E. X 105,
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difficult to judge this with the light microscope.
The nuclei of the interstitial cells were now smaller 
and there were large globules of lipid in their 
cytoplasm (Fig. 29).

Forty eight hours post-hypophysectomy all antral 
follicles had undergone advanced degenerative changes 
and it became impossible to distinguish between 
follicles of different sizes (Fig, 30). The larger 
pre-antral follicles (Stages 4 and 5) were now 
showing signs of change. Again these consisted of 
loosening of cells, loss of pallisading and reduction 
of cytoplasmic*RNA. Some cells showed pyknosis of 
nuclei and chromatin granules. The thecal cells 
around these large pre-antral follicles, normally 
spindle shaped, were now somewhat swollen. Smaller 
pre-antral follicles occasionally showed similar 
changes. Again there was little change in the 
corpora lutea apart from a diminution in cytoplasmic 
RNA which was now definite when compared with the 
fresh corpora lutea of intact animals, The 
interstitial tissue had lost all of its ribonucleic 
acid and had accumulated more lipid. It was now 
difficult to distinguish the interstitial cells from 
the degenerate thecal cells of atretic follicles.

During the succeeding twenty four hours degenerative 
changes increased in the pre-antral follicles.
Seventy two hours post-hypophysectomy large
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Fig. 29
High power view of interstitial tissue from an 
ovary of an animal 7 days after hypophysectomy. 
Note the foamy cytoplasm due to an accumulation 
of lipid. H. & E. X 400,
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Fig. 30
Graafian follicles from an ovary 48 hours after 
hypophysectomy showing advanced atretic changes 
H. & E. X 105,
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pre-antral follicles had almost completely 
disappeared. Small pre-antral follicles (Stages 2 
and 3) were still present but some of these showed 
loosening of the granulosa cells. There was loss 
of ribonucleic acid in these cells but as yet there 
was no definite evidence of cell death. Surprisingly, 
in one of the animals killed at sixty hours post- 
hypophysectomy a few small antral follicles were still 
present. In most degenerative changes had taken place 
but in others there was a peculiar appearance in the 
granulosa layers. Multiple round spaces, resembling 
Call-Exner formations, appeared around the whole 
circumference of the follicle. The appearance 
suggested that antral formation had become 
disorganised.

The interstitial tissue appeared to be reduced in 
amount but this may have been due to a reduction in 
the size of the individual cells (Fig. 31). These 
had clear cytoplasm and small nuclei. Oil Red 0 
showed that the amount of lipid was now reduced in 
these cells. It was difficult to interpret the 
results of tests for 33 steroid dehydrogenase in these 
sections. The remains of atretic follicles gave a 
false reaction due to the presence of so much lipid 
and even in control sections reduction of the stain 
had taken place giving rise to deposits. In the 
corpora lutea however the results were still reliable 
and a fairly strong positive reaction was obtained.
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Fig. 31
Interstitial cells of an ovary 72 hours after 
hypophysectomy. High power view showing 
irregularity of nuclear shape and clumping of 
chromatin. H. & E. X 600.
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The corpora lutea and some of the small pre-antral 
follicles were the only structures which contained a 
demonstrable amount of ribonucleic acid.

Ninety six hours post-hypophysectomy Stage 3 follicles 
with two layers of granulosa cells still remained. No 
follicle larger than this could be found. Stage 1 and 
2 follicles were also present. The interstitial 
tissue had now more the appearance of fatty areolar 
tissue than a steroidogenic structure. Despite the 
advanced degenerative changes in other structures the 
corpora lutea were still structurally intact. However 
they did show an increased amount of lipid and the 
staining reaction with pyronin for RNA was much paler. 
There was still a considerable degree of staining for 
33 steroid dehydrogenase.

In succeeding days the reduction in the number of 
follicles beyond Stage 1 became even more apparent.
By day 6 primordial and Stage 2 and 3 follicles were 
still the only structures to be seen apart from 
corpora lutea which were structurally intact (Fig.32 ) 
The luteal cells were somewhat smaller but they still 
contained significant amounts of ribonucleic acid 
and tests for steroid dehydrogenase were positive if 
reduced. This situation remained until fifteen days 
post-hypophysectomy when the corpora lutea showed a 
definite shrinkage of cells and increased prominence 
of the supporting connective tissue. Most follicular 
structures had disappeared and only an occasional
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Fig. 32
Corpus luteum from an ovary 7 days after hypophy
sectomy. It is morphologically intact. H. & E. X 130.
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degenerate primordial follicle could be seen. Apart 
from the persisting corpora lutea the ovaries were 
more or less converted into small masses of inter
stitial tissue of degenerate appearance. Subsequently 
the corpora lutea appeared to undergo acute necrosis 
by the end of four weeks.

While changes after hypophysectomy followed the 
general pattern described above it was noted that a 
considerable number of the ovaries presented a feature 
which was out of keeping with the main events. Very 
large antral follicles appeared in specimens within 
forty eight hours of the operation. These had a thin 
granulosa layer consisting of a single layer of 
flattened cells which showed degenerative changes and 
a relatively inconspicuous thecal layer. Similar 
cystic follicles but showing increasing degrees of 
degeneration of the granulosa were observed in the 
days following. Even seven days after hypophysectomy 
they presented as cystic structures with an incomplete 
lining of flattened cells and contained varying amounts 
of chromatin debris. The rate of degeneration of 
these flattened granulosa cells appeared to be slower 
than that of the granulosa cells of smaller follicles, 
EFFECT OF HYPOPHYSECTOMY ON THE UTERINE HISTOLOGY 
After hypophysectomy there was a detectable thinning of 
the lumina of the cornuae of the uterus (Fig. 33 ) with 
thinning of the endometrium and myometrium. The 
endometrial glands were narrow and short.
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Fig. 33
Uterus and ovaries removed from rat killed 
7 days after hypophysectomy. The ovaries are 
small and the tubes narrow.
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EFFECT OF NIAMD RAT FSH, B-1 ON 

HYP0PHY5ECT0MIZED MATURE FEMALE RATS

EFFECT OF FSH, B-1 ON THE OVARIAN WEIGHT

With all doses of FSH there was an increase in the 
ovarian weight. This increase was to some extent 
time related (Fig. 34). The rate of increase in 
every instance was greatest in the first twelve 
hours, there being little further change up to forty 
eight hours, Thereafter the graph levelled out.
The increase in ovarian weight is most obvious with 
the higher doses but there is little apparent 
difference between the 50, 75 and 100 yg doses.
(see Appendix).

Statistical analysis of the summated ovarian weights 
of all animals given a particular dose of FSH and 
sacrificed during the first twenty four hours showed 
that the increase in ovarian weight was significant 
for all doses except 25 yg (Tables 8 and 9).

EFFECT OF FSH, B-1 ON THE UTERINE WEIGHT

Following the administration of FSH there appeared 
to be a slight increase in the uterine weight 
(Fig. 35) but this proved to be of no significance 
(Tables 10 andll). (See Appendix).
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Experiment No. Mean
Standard
Deviation

Intact Control 10 0,0581 0,0003

Hypox. Control 8 0,0327 0.0029

Hypox. Treated 
+ 25 ug FSH 8 0.0330 0,0025

+ 50 yg FSH 8 0.0369 0,0049

+ 75 y g FSH 8 0.0383 0,0056

+100 yg FSH 8 0.0387 0.0051

Table 8
The mean and standard deviation of the ovarian weight 
of hypophysectomized rats treated with FSH, B-1 
compared with intact and hypophysectomized controls.

Experiment
Degree of 
Freedom t . Value Degree of 

Significance
Hypox. Control 
vs. 25 yg FSH 14 1.9348 N.S

Hypox. Control 
vs, 50 y g FSH 14 3,1133 P < 0.05

Hypox. Control 
vs. 75 yg FSH 14 5.9854 P < 0.05

Hypox. Control 
vs. 100 yg FSH 14 3.8332 P < 0,05

N.S. - Not Significant
Table 9
Comparison of the ovarian weights of the hypophysect 
omized control group and the hypophysectomized rats 
treated with various doses of FSH using t. test.
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Experiment No. Mean .
Standard 

, Deviation

Intact Control 10 0.3802 0.0081

Hypox. Control 8 0.2951 0,0049

Hypox. Treated 
+ 25 u g  FSH 8 0.3063 0.0061

+ 50 T i g  FSH 8 0.3096 0.0051

+ 75 y g  FSH 8 0.3085 0.0053

+100 y g  FSH 8 0,3106 0.0087

Table 10.
The mean and standard deviation of the uterine weight 
of hypophysectomized rats treated with FSH, B-1 
compared with intact and hypophysectomized controls.

Experiment
Degree of 
Freedom t. Value ,

Degree of 
. . Significance

Hypox. Control 
vs. 25 yg FSH 14 0.7066 N.S.

Hypox. Control 
vs . 50 yg FSH 14 1.2768 N.S.

Hypox. Control 
vs, 75 yg FSH 14 1.0874 N.S.

Hypox. Control 
vs. 100 y g FSH 14 1.3187 N.S,

N.S, = Not Significant
Table 11,
Comparison of the uterine weights of the hypophysect
omized control group and the hypophysectomized rats 
treated with various doses of FSH using t , test.
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THE EFFECT OF FSH, B-1 ON THE OVARIAN HISTOLOGY

Multiple changes occurred in the ovaries of the 
hypophysectomized rats given FSH, B-1. The effects 
on the follicles, corpora lutea and interstitial 
tissue are as follows;

Effect on the Follicles

Changes in the follicle varied with the dose of FSH 
preparation and the time interval involved. These 
changes will be described under Growth, Antral 
Formation and Thecal Formation.

Growth
There appeared to be a stimulation of growth not 
only in individual follicles (Stages 1 and 2) but 
also in an increasing number of follicles. A 
constant pattern of changes was obvious in all 
groups of animals, exemplified by 25 ug of FSH.
One hour after the injection of FSH, B-1 there was 
no growth stimulatory effect on the follicles.
Six hours after injection. Stage 3 follicles (with 
two layers of granulosa cells) which were present 
in the non-injected hypophysectomized animal 
diminished in number and Stage 4 follicles (with 
three layers of granulosa cells) appeared. At 
twelve hours, the Stage 3 follicles had increased 
in number once more while larger pre-antral 
follicles with five-six layers of granulosa cells 
(Stage 5) were present. The peak of stimulation
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was twenty four hours after the injection of 
FSH. There was an increase in the number of 
pre-antral follicles at all stages of growth.
The inference seems to be that the progressive 
growth initiated in Stage 3 follicles converted 
these follicles to Stages 4 and 5. An increased 
dose tended to increase the degree of growth and 
to some extent to speed the process. While the 
changes were slight with 25 yg FSH, B-1, they 
became very apparent when the dose was increased 
to 50 ug and even more when the dose was increased 
to 75 and 100 yg. With these larger doses 
follicles at Stages 2 and 3 showed mitotic figures 
among the granulosa cells and at Stages 4 and 5 
this mitotic activity had increased (Fig, 36).
At all these follicular stages there was a large 
amount of RNA in the granulosa cells but no lipid 
or any activity for 33 steroid dehydrogenase.

The oocyte size kept a constant relation to the 
follicular size which did not alter with the 
increase in the dose of FSH. At first, in Stages 
2 and 3 of the follicles the ovum grew very 
rapidly in relation to the follicle, reaching 
three times its original size and almost half 
the size of the follicle of which it was part; 
the oocyte then remained more or less stationary 
in size while the follicle continued to expand.
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Fig. 36
Stage 5 follicle in an ovary from a hypophysectomized 
animal 24 hours after receiving 50 yg FSH. Mitotic 
figures can be seen in the granulosa layer (arrowed) 
H. & E. X 312.
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The maximum stimulation of growth was obtained 
with 75 yg; increasing the dose to 100 yg did 
not alter the effect (Table 12).

With 25 and 50 ug dose schedules, proliferative 
activity as indicated by mitotic activity tailed 
off at forty eight hours but with 75 and 100 yg 
proliferation was still present at forty eight 
hours with no sign of tailing off (Table 10 .

Follicle Count

The results of follicle counts obtained with 
various doses of FSH, B-1 and at intervals 
following administration are shown in Fig. 37. 
This indicates that an increase in the number of 
follicles beyond Stage 2 occurred with each dose 
administered starting at six hours post injection 
and peaking at twenty four hours. The effect was 
greatest with the 75 and 100 yg doses. After 
twenty four hours there was a fall off in the 
follicle count with the 25 and 50 yg doses while 
with the higher doses the follicle counts' main
tained a plateau. Comparison of the peaks of 
follicle counts (Fig. 38) emphasises the effect 
of increasing the dose of FSH.

Statistical analysis of the summated counts 
between six and twenty four hours showed that 
the increase in post-Stage 2 follicles was



140

Dose of 
FSH

Time After Injection
1 hr 6 hrs 12 hrs 24 hr.s 48 hrs

25 yg - ± * + + ±

50 yg — ± + ++ +

75 yg - + + + +++ +++

100 yg - + + + +++ +++

Table 12 Follicular Changes - Growth
The effect of varying doses of FSH, B-1 on the 
follicular growth of the ovaries of two hypophy- 
sectoraized rats at each time interval.
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Hypox. 12 24 48 hours

Fig. 37
The effect of the administration of varying 
doses of FSH, B-1 on the follicle count of 
one ovary from each of the two hypophysect
omized rats at each time interval.
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Fig. 38,
Comparison of the follicle counts at the peak 
of stimulation after the administration of 
varying doses of FSH, B-1.
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significant for each dose of hormone (P ^ 0.001). 
This supports the impressions gained during histo
logical examination of these ovaries (Tables 13 
and 14), Table 15 shows the differentiated 
follicle count.

Antrum Formation
"Normal" antrum formation takes place in 
follicles with four or more layers of granulosa 
cells (Stage 5). Antral follicles were 
classified as Stage 6.

In the hypophysectomized mature female rat there 
was no antrum formation at one or six hours, but 
small antral follicles appeared twelve hours after 
the injection of 25 pg of FSH, B-1. The number 
and size of these antral follicles increased at 
twenty four hours (Figs. 39 and 41). In some 
of the antral follicles noticed at twenty 
four hours, the granulosa cells were loosened 
from each other and tended to vary in size.
There was some vacuolation in the cytoplasm of 
these granulosa cells and Oil Red 0 showed that 
they contained lipid droplets. There was a 
definite reduction in the amount of RNA in these 
follicles when compared with the healthy looking 
antral follicles. At forty eight hours, more 
advanced degenerative changes were present in 
the granulosa cells of most of the antral 
follicles, small and large. The nuclei of
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Experiment........ . No... . . . Mean ....
Standard 

, . Deviat ion.

Hypox. Control 8 14.00 2.6186

Hypox. Treated 
+ 25 yg FSH 6 72.33 10.0532

+ 50 pg FSH 6 84,33 11.5254

+ 75 pg FSH 6 106.00 16.5650

+100 pg FSH 6 107.66 17.0724

Table 13
The mean and standard deviation of the follicle count 
of hypophysectomized rats treated with FSH, B-1 
compared with hypophysectomized controls.

Experiment
Degree of 
Freedom t . Value.

Degree of 
. Significance

Hypox. Control 
vs . 2.5 p.g. FSH . . 12 14.550 P < 0.001

Hypox. Control 
vs. 50 pg. FSH 12 15.444 P « 0.001

Hypox. Control 
vs.. 75 pg FSH 12 14.307 P 0.001

Hypox. Control 
vs. 1.00 Pg FSH 12 14.146 P ^ 0,001

Table 14
Comparison of the follicle count of the hypophysect
omized control group and the hypophysectomized rats 
treated with various doses of FSH using t. test.
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Preparation 
and time of 
Administrât ion

Follicular
Stage

Normal Antral 
Follicles Total

3 4 5 S M L Normal Abnormal

Control
Hypophysectom
ized 7th Day

14 - - - - - 14 50

FSE, B-1 
25 u g 6h 10 14 10 26 _ — 60 52

L2h 20 10 15 30 - - 75 60

2.4h 26 16 10 30 - - 82 74

48h 16 4 6 20 - - 46 66

FSH, B-1 
50 ug 6h 12 16 14 28 _ 70 55

12h 22 14 16 34 - - 88 85

24h 30 20 12 33 - - 95 80

48h 15 5 10 30 - - 60 85

FSH, B-1 
75 ug 6h 25 20 20 20 - _ 85 56

12h 4,0 15 20 38 - - 113 66

24h 40 15 25 40 — - 120 70

48h 34 20 22 42 - - 118 60

FSH, B-1 
100 ug 6h 16 28 20 22 — _ 86 78

12 h 40 18 15 42 - - 115. 86

24h 42 15 23 44 - - 122 98

48h 40 15 26 39 - - ■ 120 86

s - small M - medixim L - large

Table 15.
Follicle count beyond Stage 2 in one ovary of each of 
two hypophysectomized rats treated with various doses 
of FSH compared with the hypophysectomized controls.
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Fig. 39
Ovary of a hypophysectomized animal 24 hours after 
receiving 25 yg FSH. Antral follicles are present 
Fine lipid can be seen in the theca of these 
follicles. Coarse lipid globules are present in 
the interstitial tissue. Oil Red 0 X 150.
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of granulsoa cells were pyknotic and there was 
debris in the antral spaces. When the dose of 
FSH, B-1 was increased to 50 yg there was no 
change in the pattern described with 25 yg but 
there was a definite increase in the number of 
antral follicles recruited, and medium sized 
antral follicles made their appearance twenty 
four hours after injection. The tailing off 
activity noticed with 25 yg was more pronounced 
with 50 yg of FSH, B-1, and there were more 
degenerative changes in all follicles, especially 
the antral follicles (Fig,40 ). When the dose 
of FSH, B-1 was increased to 75 yg the number and 
size of the antral follicles again showed an 
increase, a change which was apparent six hours 
after injection and which intensified at twelve, 
twenty four and forty eight hours. Medium and 
large sized antral follicles were seen at twelve, 
twenty four and forty eight hours. At forty eight 
hours, although most of the antral follicles 
maintained their healthy appearance, some of the 
large antral follicles (0.4mm or more) showed 
signs of atresia with pyknosis and apoptosis in 
the granulosa cells and an accumulation of large 
lipid droplets in their cytoplasm. A few 
degenerated granulosa cells could be seen in the 
follicular space. When the dose of FSH, B-1 was
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Fig, 40
The ovary from a hypophysectomized rat 48 hours 
after receiving 50 yg FSH, Numerous follicles 
have formed. A large antral follicle showing 
advanced atretic changes. The smaller follicles 
show no atretic changes. Corpus luteum appears 
morphologically intact.
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increased to 100 y g there was no improvement in 
the response obtained by 75 y g (Fig. 41).
Although large antral follicles showed some 
degeneration mitotic activity was still present 
in small antral follicles forty eight hours after 
receiving 75 and 100 y g of FSH, B-1. The 
relationships between antral formation and dosage 
are shown in Table 16.

"Abnormal" antrum formation is a term introduced 
to describe antra that are abnormal either in the 
time of appearance, number, shape or their size 
in relation to the size of the follicle. Normally 
the antrum forms in a follicle with four or more 
layers of cuboidal granulosa cells (Stage 5 
follicles). Antra formed in follicles at Stages 
4, 3 and 2 are described in this text as 
prematurely formed antra.

Abnormal antrum formation was noted in the 
hypophysectomized female rate twenty four hours 
after injection of 25 y g of FSH, B-1. Multiple 
small rounded spaces appeared round the whole 
circumference among the granulosa cells of Stage 
4 and 3 follicles. The premature abnormal antrum 
formation was noticed on a larger scale at forty 
eight hours. In addition to premature and 
multiple formations the antra were often 
disproportionately large in relation to the total 
size of the follicle of which it was part. When
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Fig. 41
Ovary from a hypophysectomized animal 24 hours 
after receiving 100 yg FSH, Numerous antral 
follicles have formed. H. & E. X 120.
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Dose of 
FSH, B-1

Time After Injection
1 hr 6 hrs 12 hrs 24 hrs 48 hrs

25 yg — - - + -

50 yg - - + ++ -

75 yg — + ++ +++ ++

100 yg - + + +++ ++++ ++

Table 16. Follicular Changes - Antral Formation
The effect of varying doses of FSH, B-1 
on the antral formation in both ovaries 
of two hypophysectomized rats at each 
time interval.
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the dose of FSH,. B-1 was increased to 50, 75 and 
100 yg the appearance of abnormal prematurely 
formed antral follicles was noted, first at twelve 
hours and then at twenty four hours and they 
became very noticeable forty eight hours after 
injection. When the dose of FSH, B-1 was 
increased to 75 and 100 yg there was an increase 
in the number of follicles with abnormal antra, 
to the extent that twenty four hours after 
injection all follicles at Stage 3 or more showed 
an irregular antrum formation (Fig. 42). Mitotic 
figures were common in these follicles which also 
contained a large amount of RNA with no evidence 
of lipid in their granulosa cells.

At twenty four hours, with 75 and 100 yg of FSH, 
B-1, a few large follicles with a large cystic 
antrum were present and they showed a well 
defined thecal formation (Figs. 43 and 44). In 
some of these follicles the granulosa cells showed 
early signs of degeneration. At forty eight 
hours, with 75 and 100 yg of FSH, B-1, some of 
the medium sized antral follicles had a rather 
thin granulosa layer and a disproportionately 
large antrum. Also, at forty eight hours, many 
empty spaces lined by a single layer of cubical 
cells were present here and there in the cortex 
of the ovaries. These spaces were about the size
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Fig. 42
This shows the numerous spaces in the granulosa 
of follicles of various sizes indicating rapid 
and irregular antral formation. These spaces 
occurred in animals receiving FSH. In this 
instance 24 hours after 75 yg FSH. H. & E. X 
120.
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Fig. 43
Low power view of a large sized follicle from 
the ovary of a hypophysectomized animal 48 hours 
after receiving 100 y g FSH. A definite theca 
has formed and the interstitial tissue is 
healthier in appearance. H, & E. X 120.
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Fig. 44
High power view of the granulosa, theca and 
interstitial tissue seen in the previous low power 
figure. H. & E. X 600.
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of primordial follicles and it was difficult 
to be sure if they actually represented the 
remains of primordial follicles from which 
oocytes have disappeared.

Thecal Formation

There was no sign of thecal formation with 25 yg 
of FSH, B-1 at one or six hours after injection.
At twelve and twenty four hours, large pre-antral 
follicles acquired a thin concentric arrangement 
of thin spindle-type cells which did not show any 
real sign of differentiation.

The first sign of any real thecal activity was 
seen with 50 yg of FSH, B-1 at twelve, twenty four 
and forty eight hours, but only around the medium 
sized antral follicles where the surrounding 
stromal cells were arranged concentrically in 
three or four layers. The nuclei of the thecal 
cells were spindle-shaped. The thecal cells were 
rich in cytoplasm and in cytoplasmic RNA and 
contained fine lipid droplets. The reaction for 
33 steroid dehydrogenase was weakly positive 
(Figs. 45 and 46). It is noteworthy that there 
was very little thecal stimulation around the 
follicles with abnormal prematurely formed antra. 
When the dose of FSH, B-1 was increased to 75 yg 
it caused thecal formation around the degenerate 
large antral follicles at six hours. At twelve
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Fig. 45
Ovary from a hypophysectomized animal 24 hours after 
receiving 75 yg FSH stained for 33 steroid dehydro
genase. Strong reaction is present in the corpus 
luteum and interstitial tissue. Between these 
structures is a follicle showing a slight reaction 
in the theca layer. X 120.
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Fig, 46.
High power view of the corpus luteum and follicle 
seen in the previous figure. The reaction for 3g 
steroid dehydrogenase is positive in the corpus 
luteum. There is also a slight positive reaction 
in the theca of the follicle. 36 steroid dehydro
genase X 600.
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hours medium sized antral follicles had acquired 
several layers of theca. The thecal cells were 
rich in cytoplasmic RNA and fine lipid droplets 
and gave a positive reaction for 36 steroid 
dehydrogenase. At twenty four hours there was 
marked thecal formation around the medium sized 
antral follicles. Again, there was no theca 
around the follicles showing abnormal prematurely 
formed antra. At forty eight hours the thecal 
cells had large amounts of large lipid droplets 
and relatively small amounts of cytoplasmic RNA. 
When the dose of FSH, B-1 was increased to 100 y g 
there was no change in the pattern or degree of 
response of the thecal tissue. The quantitative 
relationships of thecal stimulation is shown in 
Table 17.

Dose of 
FSH, B-1

Time After Injection

1 hr 6 hrs 12 hrs 24 hrs 48 hrs
25 yg - — - -

50 yg - - ± + +

75 yg - + + ++ ++

100 yg — ± + ’+•+ ++

Table 17. Follicular Changes - Thecal Stimulation
The effect of varying doses of FSH, B-1 
on the thecal formation in both ovaries 
of two hypophysectomized rats at each 
time interval.
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Effect on the Corpora Lutea

The corpora lutea of rats seven days after hypophy- 
sectomy (Animal Model) were reasonably normal and 
morphologically intact (Fig, 32), These were old 
corpora lutea as they had a fibrous central core.
The cytoplasm of the luteal cells still contained 
significant amounts of cytoplasmic RNA and a large 
number of fine and coarse lipid droplets (Fig, 47). 
The test for 33 steroid dehydrogenase was positive.

The administration of FSH, B-1 was found to maintain 
and to stimulate the corpora lutea of the hypophy
sectomized mature female rat.

The administration of 25 yg of FSH, B-1 caused a 
slight but doubtful increase in the cytoplasmic RNA 
(Fig. 48 ) of the luteal cells with a proportionate 
reduction in the size of lipid droplets in the 
cytoplasm six hours after injection (Fig. 49).
Twelve hours after injection the corpora lutea showed 
a definite increase in the cytoplasmic RNA of their 
luteal cells. Intracellular lipid was present in 
the form of a peppering of fine droplets (Fig, 50 ). 
The corpora lutea showed a definite strong reaction 
for 33 steroid dehydrogenase (Fig. 51). At twenty 
four and forty eight hours, there were no notice
able changes from those observed at twelve hours.

Although an increase in the dose of FSH, B-1 to
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Fig. 47
Corpus luteum seven days post-hypophysectomy 
stained for 36 steroid dehydrogenase. Note the 
central core. X 105.



162

»

m

W i m m

Fig. 48.
Corpus luteum from a hypophysectomized rat 24 
hours after the administration of 50 ug FSH.
The corpus luteum is histologically normal. 
Large pre-antral follicles have formed. X 150.
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Fig. 49
Corpus luteum of a hypophysectomized rat 6 hours 
after receiving 25 yg FSH. The amount of lipid 
is somewhat reduced. Oil Red 0 X 120.
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Fig, 50
Corpus luteum and interstitial tissue stained for 
lipid 12 hours after the administration of 25 yg 
FSH. The amount of lipid is greatly diminished in 
the corpus luteum cells but the interstitial cells 
still have a large amount of fat in the form of 
coarse globules. Oil Red 0 X 105.
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Fig. 51
Corpus luteum from hypophysectomized rat 12 hours 
after receiving 25 yg FSH. A strong reaction is 
shown. 33 steroid dehydrogenase X 105.
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50, 75 and 100 yg did not change the above pattern 
it did however intensify the degree of response to 
the administration of FSH, B-1 by increasing the 
amount of cytoplasmic RNA and reducing further the 
amount of intracellular lipid (Fig. 52), The peak 
of activity was twenty four hours after injection; 
there was no change at forty eight hours. The 
relative changes in histochemical reactions are 
shown in Table 18.

Effect on the Interstitial Tissue

Seven days after hypophysectomy, the ovarian 
interstitial tissue of the hypophysectomized mature 
female rat had the appearance of a fatty areolar 
tissue rather than a steroidogenic structure (Figs. 
28, 29, 31).

FSH, B-1 was found to cause stimulation of the 
interstitial tissue of the hypophysectomized 
female rat, varying with the dose and time.

After the administration of 25 yg FSH, B-1, no 
constant change was observed at any time interval.
The cells still retained their degenerate appearance 
(Figs. 53 and 54). This contrasts with the definite 
changes noted in the corpora lutea twelve hours after 
an injection of 25 yg FSH, B-1 (see Fig. 50).

A slight change was noted twelve hours after the 
injection of 50 yg FSH, B-1, when the interstitial
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Fig. 52
The ovary of a hypophysectomized animal 12 hours 
after receiving 75 yg FSH. Very little lipid is 
present in the corpus luteum but some interstitial 
cells still contain coarse globules. Oil Red 0 X 
105.
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Hypophysectomized 
Rat +.FSH, B-1

Histochemical Methods
Pyronin 
M .Green

Oil 
Red 0

33 steroid 
Dehy dro genase

25 yg FSH, B-1 
1 hour + +++
6 hours ++ ++ ++
12 hours ++ ++ ++
24 hours ++ + ++
48 hours ++ . ++ .

50 yg FSH, B-1 
1 hour + +++ +
6 hours ++ ++ ++
12 hours ++ ++ ++
24 hours ++ + ++
4,8 hours ++ ++ ++

75 yg FSH, B-1 
1 hour + +++ +
6 hours ++ ++ ++
12 hours +++ ++ ++
24 hours +++ + +++
48 Hours +++ + .+++

100 yg FSH, B-1 
1 hour + +++ +
6 hours ++ ++ ++

12 hours +++ + +++
24 hours +++ + +++
48 hours. +++ , + +++

Table 18 Corpora Lutea
The effect of varying doses of FSH, B-1 
on the corpora lutea of both ovaries of 
two hypophysectomized rats at each time 
interval.
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Fig. 53
Interstitial cells of an ovary of a hypophysectomized 
animal 24 hours after receiving 25 yg FSH. The 
nuclei are still irregular with clumped chromatin 
and the cytoplasm grossly vacuolated. H. & E. X 600.
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Fig, 54
Interstitial tissue of same ovary stained by Oil 
Red 0, A heavy coarse lipid deposit is present 
in the cells. X 600.
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cells were more prominent and less crowded. They had 
increased in size; nuclei were larger and more 
transluscent. Slight cytoplasmic basophilia was noted 
in some of the cells. Cytoplasmic RNA was present 
and the cytoplasm gave a weakly positive reaction for 
33 steroid dehydrogenase. The interstitial tissue 
cells were more prominent around the large degenerate 
cystic follicles forming a mantle around them.

At twenty four hours the interstitial tissue appeared 
to have increased in amount but this was probably due 
to the swelling of individual cells which now had 
more cytoplasm. There was a considerable amount of 
cytoplasmic RNA with a noticeable reduction in the 
size and number of lipid droplets in the cytoplasm.
The interstitial tissue cells gave a positive 
reaction for 33 steroid dehydrogenase. At forty 
eight hours there was a reduction in the amount of 
the cytoplasmic RNA in the interstitial tissue cells.

While increasing the dose of FSH, B-1 to 75 and 100 
yg did not fundamentally change the above pattern, 
the intensity of stimulation was increased when the 
dose was increased (Fig. 55). There was stimulation 
of very few interstitial tissue cells six hours after 
the injection of 75 yg FSH, B-1. In contrast to all 
dose schedules at forty eight hours, the interstitial 
tissue cells continued to show the presence of RNA 
(no tailing off of activity) after the injection of 
100 yg FSH, B-1. The degree of interstitial cell
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Fig. 55
High power view of interstitial cells 48 hours 
after the administration of 75 yg FSH. The cells 
now look healthier with larger nuclei showing 
dispersed chromatin and the cytoplasm is fully 
vacuolated. H. & E. X 600.
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repair in relation to the dose of FSH is shown in 
Table 19 and the histochemical changes are tabulated 
in Table 20.

EFFECT OF FSH, B-1 ON THE UTERINE HISTOLOGY 
With the administration of FSH, B-1 there was a 
detectable dilation of the lumina of the cornuae 
of the uterus (Fig. 56).

Histologically the endometrium was slightly 
thickened mainly due to oedema of the stroma. To 
some extent the glands were enlarged but there was 
only a little mitotic activity.
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Dose of 
FSH, B-1

Time After Injection
1 hr 6 hrs 12 hrs 24 hrs 48 hrs

25 yg - - - — -

50 yg - - + ++ +

75 yg - ± + ++ +

100 yg
"

± + ++ + +

Table 19. Interstitial Tissue Cell Repair
The effect of varying doses of FSH, B-1 
on the interstitial tissue of both 
ovaries of two hypophysectomized rats 
at each time interval.
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Hypophys e ctomized 
Rat + FSH, B-1

Histochemical Methods
Pyronin 
M.Green

Oil 
Red 0

36 steroid 
Dehydrogenase

25 yg FSH, B-1 
1 hour +++
6 hours — +++ —

12 hours — +++ -

24 hours — +++ —

48 hours — +++ —

50 yg FSH, B-1 
1 hour +++
6 hours +++ —

12 hours + ++ +
24 hours ++ + ++
48 hours +

75 yg FSH, B-1 
1 hour ++H*
6 hours ± +++ —

12 hours + + + +
24 hours ++ + ++
48 hours + + + +

100 yg FSH, B-1 
1 hour +++
6 hours ± + + + —

12 hours + + + +
24 hours ++ + ++

. 48 hours ++ + ++

Table 20. Interstitial Tissue
The effect of varying doses of FSH, B-1 
on the interstitial tissue of both 
ovaries of two hypophysectomized rats at 
each time interval.
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Fig. 56
Uterus of a hypophysectomized rat removed 24 hours 
after receiving 75 yg of FSH. The ovaries had been 
dissected off and fixed for histology. There is 
enlargement of the uterine horns not quite equal to 
that seen at oestrus.
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THE EFFECT OF LH (IRC, 24.6.69) ON 

HYPOPHYSECTOMIZED MATURE FEMALE RATS

EFFECT OF LH ON THE OVARIAN WEIGHT
There was some increase in the ovarian weight follow
ing the administration of LH and as with FSH the 
greatest increase occurred in the early part of the 
experimental period (Fig. 57). There was some fall 
in weight during the second twenty four hour period, 
unlike FSH which produced a continuing response at 
this time. In addition the peak increase was less 
than half that produced by FSH alone (Figs. 57 
and 34). Comparing the results at the twenty four 
hour interval (Fig. 34) indicates the modest degree 
of increase, (see Appendix).

Statistical analysis of the summated ovarian weights 
of all animals given a particular dose of LH and 
sacrificed during the first twenty four hours showed 
that none of the increases in weight were significant. 
(Tables 21 and 22).

EFFECT OF LH OH THE UTERINE WEIGHT

There was a very slight increase in the uterine weight 
but the change was of no significance (Fig. 58 and 
Tables 23 and 24). (see Appendix).

EFFECT OF LH ON THE OVARIAN HISTOLOGY 
Following the administration of LH certain changes 
appeared in the ovaries. There was no evidence of 
proliferation of any new follicles (Fig. 59) but the 
general impression was that LH does help to some
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Experiment No. Mean
Standard
Deviation

Intact Control 10 0.0581 0.0003

Hypox. Control 8 0.0327 0.0029

Hypox. Treated 
+ 25 ug LH 8 0.0318 0.0013

+ 50 ug LH 8 0,0330 0.0014

+ 75 yg LH 8 0.0338 0.0017

+100 yg LH 8 0.0343 0.0019

Table 21
The mean and standard deviation of the ovarian weight 
of hypophysectomized rats treated with LH (IRC,24.6.69) 
compared with intact and hypophysectomized controls.

Experiment
Degree of 
Freedom t . Value

Degree of 
Significance

Hypox. Control 
vs. 25 yg LH 14 0.7493 N.S.

Hypox. Control 
vs. 50 yg LH 14 0.2465 N.S.

Hypox. Control 
vs. 75 yg LH 14 0.8658 N.S.

Hypox. Control 
vs. 100 yg LH 14 1.2210 N.S.

N.S. = Not Significant
Table 22
Comparison of the ovarian weights of the hypophysect- 
omized control group and the hypophysectomized rats 
treated with various doses of LH using t. test.
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Experiment N o . Mean
Standard
Deviation

Intact Control 10 0.3802 0.0081

Hypox. Control 8 0.2951 0.0149

Hypox. Treated 
+ 25 yg LH 8 0.2925 0.0069

+ 50 U g LH 8 0.2871 0.0024

+ 75 yg LH 8 0.2821 0.0175

+100 y g LH 8 0.2889 0.0008

Table 23
The mean and standard deviation of the uterine weight 
of hypophysectomized rats treated with LH (IRC,24.6.69) 
compared with intact and hypophysectomized controls.

Experiment
Degree of 
Freedom t . Value

Degree of 
Significance

Hypox. Control 
vs. 25 yg LH 14 0.4189 N.S

Hypox. Control 
vs. 50 yg LH 14 1,4025 N.S

Hypox. Control 
vs. 75 yg LH 14 1.4965 N.S

Hypox, Control 
vs. 100 yg LH 14 1.0993 . N.S.

Table 24
N.S, = Not Significant

Comparison of the uterine weights of the hypophysect 
omized control group and the hypophysectomized rats 
treated with various doses of LH using t. test.
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Fig, 59
A low power view of the ovary of an animal 24 hours 
after receiving 50 yg LH stained for 36 steroid 
dehydrogenase. Positive reactions are shown in 
the thecal tissue, the interstitial tissue and a 
corpus luteum the edge of which is at the lower left 
hand corner of the illustration. The absence of 
intact follicular structures should be noted. X 120
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extent in the repair of the damage inflicted by 
hypophysectomy on the corpora lutea and the 
interstitial tissue. An important yet not completely 
understood function is its possible help in the 
clearance of atretic follicles (an effect which is 
dose and time related).

The following is a detailed description of the effect 
of a highly purified preparation of human LH on the 
ovaries of the hypophysectomized mature female rat.

Effect on the Follicles

LH had no stimulatory effect on the ovarian follicular 
system of the hypophysectomized mature female rat with 
any of the dose schedules. It did not affect the 
number of small pre-antral follicles. Indeed, six 
and twelve hours after the administration of 75 and 
100 yg the granulosa cell layer of small pre-antral 
follicles showed early degenerative changes, 
indicating that LH in these doses may have an 
inhibitory effect on these pre-antral follicles, 
either directly or indirectly. By the end of forty 
eight hours with the larger doses of LH all antral 
follicles were grossly atretic and their sites were 
indicated by round spaces surrounded by a thick layer 
of theca-like tissue. The cells of this tissue had 
large vesicular nuclei and abundant cytoplasm 
containing a fair amount of cytoplasmic RNA. Lipid 
was present in the form of fine droplets, Some 36
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steroid dehydrogenase was present in the thecal 
cells (Fig. 59 ). These changes in the thecal cells 
were apparent with all LH dose schedules except 
those of 25 yg and at all time intervals except those 
of one and six hours. They were most marked with the 
larger doses and reached a peak at forty eight hours. 
The thecal cells however were not fully luteinised.

In most sections of the ovaries of the hypophysect
omized animals there were a few atretic antral 
follicles. The administration of LH appeared to 
increase the atretic changes (Fig. 60 ) but more 
important was the increased prominence of the thecal 
layer around these follicles (Figs. 61 and 62), 
particularly the larger follicles.

A study of the influence of LH on the follicle count 
of the ovaries of the hypophysectomized mature female 
rats showed no evidence of any increase in the number 
of follicles beyond Stage 2 and it was therefore 
impossible to apply any form of analysis to the 
results.

Effect on the Corpora Lutea

As previously stated the corpora lutea of the 
hypophysectomized mature female rat appeared relatively 
normal seven days after the operation. The luteal 
cells had considerable cytoplasm with abundant RNA, 
contained fine and coarse lipid droplets and had a 
moderately strong reaction for 33 steroid dehydrogenase
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Fig, 60
A small antral follicle of a hypophysectomized rat 
12 hours after receiving 50 yg LH. Macrophage 
type cells are present in the antral space; granules 
of chromatin can be seen and the granulosa cells 
are irregular in shape with pyknotic nuclei of 
varying size and shape. H. & E. X 300.
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Fig. 61
Antral follicle of a hypophysectomized rat 48 
hours after receiving 50 yg LH. There is a 
prominent thecal layer. H. & E. X 300.
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Fig. 62
High power view of follicle in previous illustration 
showing the thecal cells with abundant finely 
vacuolated cytoplasm. H. & E, X 600
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The ovaries of the injected animals showed 
hyperaemia. This was obvious with doses above 25 yg 
LH and at intervals of twelve and twenty four hours 
after injection. By forty eight hours, however, it 
had faded. Microscopically it was found that the 
hyperaemia was particularly noticeable in and around 
the corpora lutea, with the appearance of blood 
filled sinusoids among the luteal cells (Fig. 63).
The effect appeared within twelve hours of the 
injection of 50 yg LH but this reaction time was 
reduced to six hours when the dose was increased to 
75 and 100 yg LH. While increasing the dose of LH 
caused intensification of the hyperaemia effect of 
LH at twelve and twenty four hours the vascular 
dilation disappeared by forty eight hours even in the 
larger dose schedules. The congested corpora lutea 
were larger (0,9-1.1mm) than those of the untreated 
control animals (0.7-1.0mm). The comparative effects 
of the various doses are shown in Table 25.

The administration of 25 yg LH at all time schedules 
had little effect on the histological picture of the 
corpora lutea. At six hours, LH in all higher dose 
schedules caused an apparent increase in the amount 
of cytoplasmic RNA in the luteal cells and, at the 
same time, caused a reduction in the total amount of 
lipid. In these cells, the lipid droplets appeared 
finer with the increase in the dose and time and this 
effect reached its maximum at twenty four hours. By
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Fig. 63
Corpus luteum of a hypophysectomized rat 24 
hours after receiving 50 yg LH. Note the greatly 
dilated sinusoids. H. & E. X 300.
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Dose of LH 
(IRC,24,6,69)

Time After Injection
1 hr 6 hrs 12 hrs 24 hrs 48 hrs

25 yg - — - - -

50 yg — - ± ++ -

75 yg — ± + ++ -

100 yg - + + ++ -

Table 25 - Ovarian Vascularity
The effect of varying doses of LH (IRC,24,6.69) 
on the vascularity of both ovaries of two hypophy
sectomized rats at each time interval.
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forty eight hours, however, in all instances there 
was a significant reduction in cytoplasmic RNA, an 
increase in the size of lipid droplets and an increase 
in the total cytoplasmic lipid. There was a relative 
increase in 33 steroid dehydrogenase reaction in the 
luteal cells with increasing time and dose schedules 
(Table 26 and Fig. 64).

Effect on the Interstitial Tissue

LH in dose schedules of 25 and 50 yg had no effect on 
the microscopic appearance of the interstitial tissue 
but increasing the dose to 75 and 100 yg induced 
reparative changes (Table 27), There was no reaction 
one hour after the administration of these doses but 
after six hours some of the interstitial tissue cells 
showed an increase in size with slightly larger nuclei 
and an increase in cytoplasm containing small sized 
lipid droplets. Cytoplasmic RNA was, if anything, 
increased compared with the hypophysectomized controls 
and the 33 steroid dehydrogenase was doubtfully 
positive. At twelve hours, the interstitial tissue 
cells became more prominent, Cytoplasmic RNA was 
definitely increased and the lipid droplets previously 
large were now small. At twenty four hours, the 
interstitial tissue increased in amount (Fig.65) and 
the cells contained a fair amount of RNA and a small 
amount of fine lipid droplets. The reaction for 33
steroid dehydrogenase was now positive but not strong.
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Hypophysectomized 
Rat + LH (IRC, 
24.6.69)

..... Histochemical. MetHods .
Pyronin 
M. Green

Oil 
Red 0

36 Steroid 
Dehydrogenase

25 yg LH
1 hour + +++ +
6 hours + +++ +

12 hours + +++ +
24 hours + +++ +

...... 4.8. hours + +++ +

50 yg LH
1 hour + +++
6 hours + ++ ++

12 hours ++ ++ ++
24 hours +++ + . ++

....... 4,8 hours ++ ++ +

75 yg LH
1 hour + +++ +
6 hours + ++ ++
12 hours ++ ++ +++
24 hours +++ + +++

....... 4.8 hours ++. + , ++

100 yg LH
1 hour + +++ +
6 hours + ++ ++

12 hours ++ + +++
24 hours ■+++ + +++
48 hours ++ ++

Table 26 Corpora Lutea
The effect of LH (IRC, 24.6.69) on the corpora lutea 
of both ovaries of two hypophysectomized rats at each 
time interval.
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Fig. 64
Low power view of a corpus luteum stained for 36 
steroid dehydrogenase from the ovary of a 
hypophysectomized rat 24 hours after receiving 
50 yg LH. A strong reaction is shown. X 120.
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Dose of LH 
(IRC,24.6.69)

Time After Injection
. 1 hr . 6 hrs 12. hrs 24 hrs 48 hrs

25 y g " — - - -

50 y g — — - —

75 y g — + ++ +

100 y g - t. ++ +

Table 27 Interstitial Tissue - Repair
The effect of varying doses of LH (IRC,24.6.69) on 
the interstitial tissue of both ovaries of two 
hypophysectomized rats at each time interval.
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Fig. 65
High power view of an ovary of a hypophysectomized 
animal 24 hours after receiving 50 yg LH. The 
interstitial cells are now plump with regular 
nuclei containing dispersed chromatin and abundant 
finely vacuolated cytoplasm. H. & E. X 600.
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At forty eight hours the interstitial tissue became 
less prominent, the cells being reduced in size; 
the nuclei were smaller and the cytoplasm was also 
reduced in amount, RNA was scanty and large lipid 
droplets had once more appeared. An estimate of the 
histochemical reactions in the interstitial tissue 
is shown in Table 28.

EFFECT OF LH ON THE UTERINE HISTOLOGY

No significant change could be seen in the myometrium 
or endometrium of the hypophysectomized animals 
treated with LH (IRC, 24,6.69) when compared with 
the untreated hypophysectomized controls. Fig,66 
shows the uterus and ovaries of the hypophysectomized 
animal twenty four hours after receiving 75 yg of the 
LH preparation.
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Hypophysectomi zed 
Rat + LH (IRC, 
24.6.69)

...... Histochemical Me.t.ho.ds
Pyronin 
M . Green

Oil 
. Red 0

36 Steroid 
Dehydrogenase

25 yg LH
1 hour +++
6 hours — +++ —
12 hours - +++ —
24 hours — +++ —
48 hours - +++ ...... - . . .

50 yg LH
1 hour +++
6 hours - +++ —
12 hours — +++ —
24 hours — +++
48 hours - .++.+ ...... -. . . .

75 yg LH
1 hour +++
6 hours + ++ ±
12 hours + +
24 hours ++ + + +
48. hours. + . ++ .

100 yg LH
1 hour +++
6 hours + ++ ±

12 hours ++ + +
24 hours + + + + +
48 hours + ++ +

Table 28 Interstitial Tissue
The effect of varying doses of LH (IRC, 24.6,69) on 
the interstitial tissue of both ovaries of two 
hypophysectomized rats at each time interval.
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Fig. 66
Uterus and ovaries of hypophysectomized animal 
24 hours after receiving 75 yg of LH. The 
ovaries are not quite as large as those of the 
untreated hypophysectomized rat. There is only 
slight enlargement of the uterine horns.
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EFFECT OF A COMBINED PREPARATION OF THE 
MINIMAL EFFECTIVE DOSE OF FSH, B-1 AND 
VARYING DOSES OF LH, (IRC, 24.6.69) ON 
HYPOPHYSECTOMIZED MATURE FEMALE RATS

EFFECT OF FSH + INCREASING DOSES OF LH ON THE 
OVARIAN WEIGHT

There was a marked increase in the ovarian weight as 
a result of combining the minimal effective dose of 
FSH and varying doses of LH in injections and the 
greater the dose of LH the more marked the increase 
in the ovarian weight (Fig. 67). The rate of increase 
was greatest in the first twenty four hours, peaking 
at twelve hours with 50, 75 and 100 yg LH. After 
twenty four hours there was a decline with those doses 
of LH, In the case of the lowest dose of LH, 25 yg, 
there was by contrast a continuous increase in the 
ovarian weight throughout the forty eight hour 
experimental period, (see Appendix).

Comparison of the weights at twenty four hours (Fig.
67 ) showed that with the highest dose of LH ovarian 
weights not far short of those of the intact animal 
were achieved.

Statistical analysis of the summated ovarian weights 
of all animals given a particular dose of FSH + LH 
sacrificed during the first twenty four hours showed 
that the gains in weight were significant. The number 
of animals, mean ovarian weight, standard deviation 
and p-value for each dose level are shown in Tables 
29 and 30.
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Experiment............ . . No.,. . Mean . . . .
Standard 

. . Devi.at lon

Intact Control 10 0.0581 0,0003

Hypox. Control 8 0.0327 0.0029

Hypox, Treated 
25 yg FSH

+ 25 Ug LH 8 0.0366 0.0034

+ 50 yg LH 8 0.0390 0,0067

+■ 75 yg LH 8 0.0419 0.0070

+100 yg LH 8 0.0456 0.0094

Table 29
The mean and standard deviation of the ovarian weight 
of hypophysectoraized rats treated with 25 pg FSH, B-1 
and various doses of LH (IRC, 24.6,69) compared with 
intact and hypophysectomized controls.

Experiment
Degree of 
Freedom t. Value

Degree of 
Significance

Hypox. Control 
vs. 25 yg FSH 

+ 2,5 yg LH 14 2.3090 P < 0.05

+ 50 yg LH 14 2.2831 P ^ 0.05

+ 75 yg LH 14 3.2125 P < 0.01

+100 yg LH 14 3.4695 P ^ 0.01

Table 30
Comparison of the ovarian weights of the hypophysect
omized control group and the hypophysectomized rats 
treated with 25 ]ig FSH and various doses of LH using 
t, test.
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THE EFFECT OF FSH' +' INCREASING DOSES OF LH ON 
THE UTERINE WEIGHT

The uterine weight showed a progressive increase with
all dose levels and also with the elapse of time. The
rate of increase was greatest in the first twenty four
hours following the administration of the hormones (Fig.68)
Statistical analysis showed that the increase in the
uterine weight was significant (Tables 31 and 32). (see

Appendix)
EFFECT OF FSH + INCREASING DOSES OF LH ON 
THE OVARIAN HISTOLOGY

The administration of a mixture of FSH and LH resulted 
in various changes in the histological and histo- 
chemical appearances of the ovaries of the hypophy
sectomized mature female rats. The main changes are 
summarised as follows:

1. A return to ’’normal" ovarian structure.

2. Enlargement of existing corpora lutea beyond 
the size of those found in the intact animal 
at oestrus.

3. Repair of the interstitial tissue and histological 
evidence of a return of function.

4. Resumption of folliculogenesis,

5. Increased thecal formation with larger doses of 
the LH fraction,

6. Degeneration of granulosa cells with large doses 
of the LH fraction but persistence of theca.
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Experiment . No.,. . . . . Me an . .
Standard 

. . . Deviat ion

Intact Control 10 0.3802 0.0081

Hypox, Control 8 0,2951 0,0149

Hypox, Treated 
25 y g FSH

+ 25 yg LH 8 0.3530 0.0678

+ 50 yg LH 8 0.3668 0.0749

+ 75 yg LH 8 0.3686 0.0841

+100 yg LH 8 0,3750 0.0869

Table 31
The mean and standard deviation of the uterine weight 
of hypophysectomized rats treated with 25 y g FSH, B-1 
and various doses of LH (IRC, 24.6.69) compared with 
intact and hypophysectomized controls.

Experiment
Degree of 

. Freedom . . t. Value
Degree of 

. Significance

Hypox. Control 
vs, 25 yg FSH 

+ 25 yg LH 14 2.2068 P<0.05

+ 50 yg LH 14 2.4840 P 0.05

+ 75 yg LH 14 2.2768 P^ 0.05

+.100 yg LH 14 2.3976 P^0.05

Table 32
Comparison of the uterine weight of the hypophysect
omized control group and the hypophysectomized rats 
treated with 25 yg FSH and various doses of LH using 
t. test.
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At autopsy, there was a surface hyperaemia of the 
ovaries. The hyperaemia was noticeable twelve and 
twenty four hours after injection but by forty eight 
hours the hyperaemia had faded.

The following is a detailed description of the 
effect of a combination of the minimal effective 
dose of a highly purified preparation of FSH, B-1 
and varying doses of a highly purified LH, (IRC, 
26.6,69) preparation on the ovaries of hypophysect
omized mature female rats.

Effect on the Follicles

The administration of a combined preparation of 25 y g 
FSH, B-1 and varying doses of LH (IRC, 24.6.69) caused 
changes in the follicles. These changes varied with 
increasing doses of the LH fraction of the combined 
preparation and the time interval involved. These 
changes will be described under Growth, Antral 
Formation and Thecal Formation.

Growth

The administration of 25 yg FSH + 25 yg LH of the 
combined preparation had no effect on the 
follicular growth one hour after injection. Six 
hours after injection there was a marked increase 
in the number of Stage 4 and 5 follicles but not 
to the same extent as those at Stages 2 and 3. 
Twelve hours and twenty four hours after injection 
there was a further increase in the number of
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Stage 3 and 4 follicles but there was no 
increase in the number of follicles at Stages 1 
and 2 (Fig. 69 ). Forty eight hours after injection 
there was a reduction in the number of pre-antral 
follicles since most of the follicles had developed 
antrum and a thick theca. In all Stage 3, 4 and 
5 follicles the oocytes showed an increase in size 
in proportion to the increase in the size of the 
follicles of which they were part. All Stage 2, 3 
4 and 5 follicles contained a large amount of 
cytoplasmic RNA, with no lipid or 33 steroid 
dehydrogenase activity in the granulosa cell layer 
of these follicles.

Mitotic activity was present and most prominent at 
the six and twelve hour intervals after the 
administration of 25 and 50 yg of the LH fraction. 
Approximately three-four mitotic figures could be 
seen in each high power field of granulosa cells 
of Stage 3, 4 and 5 follicles. The number of 
mitotic figures was not so great with the higher 
doses of the LH fraction - 75 and 100 yg at these 
time intervals. At the twenty four hour period 
active mitosis was still present in the granulosa 
of the follicles of the animals receiving 50 yg of 
the LH fraction. Mitosis was absent at this time 
in the animals receiving 25, 75 and 100 yg of the 
LH fraction. No mitotic activity could be seen
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Fig. 69
Another view of an ovary from a hypophysectomized 
animal 24 hours after receiving 25 yg FSH plus 50 yg 
LH, This shows growing follicles. The interstitial 
tissue has recovered a more normal appearance.
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in the granulosa layer forty eight hours after 
any dose of the LH fraction.

The number of pre-antral follicles was reduced 
and most of the follicles had developed an antrum 
and a very thick theca twenty four hours after the 
injection of 25 yg FSH + 75 yg LH and 25 yg FSH + 
100 yg LH and forty eight hours after the injection 
of all dose schedules. At both these time 
schedules most of the follicles showed an advanced 
degree of degeneration. The degenerated follicles 
showed no mitotic figures and a proportionately 
large antrum. The granulosa cells were degenerate 
with smaller nuclei and scanty cytoplasm. Many 
of the granulosa cells had been desquamated in the 
follicular space. They had very little cytoplasmic 
RNA and increasingly large amounts of lipid. With 
the larger doses of the LH fraction advanced cases 
of atresia could be seen where all that was left 
of a follicle was a space lined by a thick layer 
of hyperstimulated theca with no trace of the 
granulosa cell layer.

When the dose of the LH fraction of the combined 
preparation was increased from 25 yg to 50, 75 
and 100 y g  the atretic changes in the antral 
follicle were both increased and advanced twenty 
four and forty eight hours after injection.
Table 33 shows the effect of dose and time on 
follicular growth.
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Dose of 
FSH + LH

Time After Injection
1 hr 6 hrs 12 hrs 24 hrs 48 hrs

25 pg FSH 
+ 25 pg LH - + ++ +++ -

25 pg FSH 
+ 50. pg. LH - + ++ +++ -

25 pg FSH 
+ 75 pg. LH — + + ++ -

25 pg FSH 
+ 100 pg LH - + + ++ ± -

Table 33 Follicular Changes - Growth
The effect of 25 FSH, B-1 + varying doses of LH 
(IRC,24.6.69) on the follicular growth of the ovaries 
of two hypophysectomized rats at each time interval.
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Follicle Count

The influence of a combined preparation of 25 yg 
FSH, B-1 and varying doses of LH (IRC, 24.6,69) on 
the follicle count of the ovaries of hypophysect
omized mature female rats was studied (Table 34).

Plotting the number of follicles beyond Stage 2 
against time revealed the marked stimulatory 
effect of combining FSH with LH (Fig. 70). It 
should be emphasised that the dose of FSH was 
constant at 25 yg but the addition of the lowest 
dose of LH (25 yg) trebled the increase in the 
number of follicles obtained with 25 yg of FSH 
alone. With doses of 25 and 50 yg of the LH 
fraction the peak of growth occurred at twenty 
four hours whereas with 75 and 100 yg the peak 
was at six hours. A decline in the number of 
follicles occurred in each instance after the 
peak was achieved.

A comparison of the peak values (Fig. 71) helps 
to emphasise the peculiar inhibitory effect 
obtained with the higher doses of the LH fraction. 
This contrasts with the effect of FSH alone 
(see Fig. 38).

The counts for the intervals six hours, twelve 
hours and twenty four hours were summated for 
each dose of the LH fraction. Means and standard 
deviations were calculated and comparison with
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Preparation 
and time of 
Administration

Follicular
Stage

Normal Antral 
Follicles Total

3 4 5 S ,M L Normal Abnormal

Control
Hypophysectom
ized 7th Day

14 - - - - - 14 50

25 p g FSH 
+ 25 ]ig LH 6h 20 20 25 75 4 _ 144 80

12h 45 15 15 110 6 - 191 120

2.4h 40 30 20 120 2 - 212 134

48h 24 20 12 40 - - 96 194

25 y g FSH 
+ 50 U g LH 6h 35 20 15 95 3 168 90

12h 40 14 16 120 2 - 192 104

24h 50 10 8 128 3 - 199 116

48h 20 12 12 96 - - 140 172

25 y  g FSH 
+ 75 y  g LH 6h 30 20 10 80 2 - 142 90

12h 20 16 15 80 - - 131 96

24h 15 10 - 95 1 - 120 100

48h 10 2 - 66 - - 72 112

25 y  g FSH 
+100 y g LE 6h 30 10 5 80 - - 125 80

12h 20 8 10. 70 - - 108 90

24h 15 2 2 40 - - 59 98

48h 14 - - 30 - - 44 84

s - small M - medima L - large

Table 34
Follicle count beyond Stage 2 in one ovary of each 
of two hypophysectomized rats treated with 25 y g 
FSH and various doses of LH compared with the hypo
physectomized controls.
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Fig. 70.
The effect of the administration of 25 y g FSH and 
various doses of LH on the follicle count of one 
ovary from each of the two hypophysectomized rats 
at each time interval.
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2 5  jig 
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Comparison of the follicle count at the peaks of 
stimulation after the administration of 25 yg FSH and varying doses of LH.
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hypophysectomized controls showed that the 
follicle increase was significant in each case.
This underlines the impressions received on 
histological examination. (P ^ 0.05 ^see Tables 35/36)

With the material available it was not possible 
to analyse the apparent inhibition of growth 
caused by the higher doses.

Antral Formation

Normal antrum formation took place in follicles 
with four or more layers of granulosa cells. In 
the hypophysectomized mature female rat "normal" 
antrum formation occurred six hours after injection 
of 25 ug FSH, B-1 + 25 yg LH (IRC, 24.6.69),

When the dose of the LH fraction was increased 
from 25 yg to 50, 75 and 100 yg many Stage 5 
follicles formed antra of normal appearance.
Normal antral formation was noted to involve a 
large number of Stage 5 follicles at twelve 
hours after injection at all dose schedules, and 
at twenty four hours after the injection of 25 
and 50 yg of the LH fraction. Antral formation 
tended to be abnormal at the twenty four hour 
interval after injection of 75 and 100 yg of the 
LH fraction of the combined preparation and with 
all dose schedules at forty eight hours (Table 37).

In some of the follicles with a normal antrum 
at twenty four and forty eight hours after the
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Experiment . No... . , , , Mean ...
Standard 

. , Deviat ion

Hypox. Control 8 14,00 2,6186

Hypox. Treated 
25 yg FSH

+ 25 yg LH 6 182.33 31.1.427

+ 50 yg LH 6 186.33 14.5420

+ 75 yg LH 6 131.00 9.8387

+100 yg LH 6 97.33 30.6507

Table 35
The mean and standard deviation of the follicle count 
of hypophysectomized rats treated with 25 yg FSH, B-1 
and various doses of LH(IRC, 24.6.69) compared with 
hypophysectomized controls.

Experiment
Degree of 
Freedom t Value

Degree of 
Significance

Hypox. Control 
vs, 25 yg FSH 
. + 2.5 y g LH 12. . . 1.4.088 P < 0.001

. . .+ 5.0, y.g LH . . . . 1.2.... 30,382 P. c 0.001

+ 75 yg LH 12 29.766 P < 0.001

+100 yg LH 12 7.085 P < 0.001

Table 36
Comparison of the follicle count of the hypophysect
omized control group and the hypophysectomized rats 
treated with 25 yg FSH and various doses of LH using 
t . test.
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Dose of 
FSH + LH

Time After Injection
1 hr 6 hr 12 hrs 24 hrs 48 hrs

25 yg FSH 
+ 25 yg LH — -1- ++ ++

25 yg FSH 
+ .50 yg LH - ++ ++ ++ +

25 yg FSH 
+ 75 yg. LH ++ ++ + +

25 yg FSH 
+100 yg LH - ++ ++ + +

Table 37, Follicular Changes - Antral Formation
The effect of 25 yg FSH and varying doses of LH on 
the antral formation in the ovaries of two hypophy
sectomized rats at each time interval.
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injection of all dose schedules the granulosa 
cells were loosened from each other and tended 
to vary in size. Some of the granulosa cells 
were seen in the follicular space. There was a 
definite reduction in the amount of cytoplasmic 
RNA in the granulosa cells of these follicles 
with an increase in the amount of their intra
cellular lipid. All these follicles were 
surrounded by a thick layer of theca which was 
very apparent with larger doses, i.e. 75 and 
100 yg of the LH fraction specially at twenty 
four and forty eight hours,

Abnormal antrum formation took place twenty 
four hours after the injection of 25 yg of the 
LH fraction. This abnormality took the form of 
disproportionally large antral spaces or multiple 
small rounded spaces among the granulosa cells 
round the whole circumference of the Stage 3 and 
4 follicles (prematurely formed antra). This was 
noted on a larger scale at forty eight hours 
(Fig. 72). When the dose of the LH fraction was 
increased from 25 yg to 50, 75 and 100 yg these 
abnormal antra formed to a lesser extent in the 
Stage 3 and 4 follicles six hours after injection 
The number of follicles with abnormally shaped 
and prematurely formed antra were found to extend 
progressively to involve a larger number of 
follicles twelve, twenty four and forty eight
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Fig. 72
Ovary of a hypophysectomized rat 48 hours after 
receiving 25 yg FSH plus 50 yg LH. Many small 
follicles have formed, one binovular. Degeneration 
of the granulosa can be seen in at least one 
follicle. There is also a degree of abnormal 
antral formation. H. & E. X 150.
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hours after injection. At twenty four and 
forty eight hours after injection all Stage 3 
or more follicles showed an irregularly formed 
antra.

Mitotic figures were common in the granulosa of 
follicles (5-7 per high power field) with the 
lower doses of the LH fraction (25 and 50 yg) at 
the six and twelve hour intervals. They were 
uncommon with the larger doses in follicles with 
abnormal antra irrespective of dose. At the 
twenty four hour interval no mitotic activity was 
observed with the larger doses and at forty eight 
hours no mitosis could be seen with any dose.

Thecal Formation

One hour after the administration of a combined 
preparation of FSH, B-1 and LH (IRC, 24.6.69) 
there was no sign of thecal formation.

Six and twelve hours after the injection of 25 yg 
of the LH fraction large pre-antral follicles 
had acquired a narrow concentric zone of thin 
spindle-type cells which did not show any sign of 
differentiation. At twenty four hours and 
especially round the antral follicles, the thecal 
cells were arranged concentrically in three or 
four layers. The nuclei of these thecal cells 
were spindle-shaped. The thecal cells were rich 
in cytoplasm and cytoplasmic RNA and contained
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fine lipid droplets. The reaction for 36 
steroid dehydrogenase was weakly positive.
Thecal stimulation was extended to involve all 
follicles with an abnormal antrum.

When the dose of the LH fraction was increased 
from 25 yg to 50, 75 and 100 yg there was 
intensification of the thecal reaction around 
all the large and small antral follicles (dose 
dependent). The thecal stimulation was noted to 
intensify even further at twelve, twenty four 
and forty eight hours after injection (time 
dependent). These changes are shown in Table 38.

Forty eight hours after the injection of 50 yg 
of the LH fraction and forty eight hours after 
the injection of 75 and 100 yg all of the antral 
follicles and many of the large pre-antral 
follicles were surrounded by a thick hyper
stimulated thecal" zone. The cells of this zone 
had a large vesicular nucleus and abundant foamy 
cytoplasm and had in fact the typical appearance 
of luteinization. When the dose of the LH 
fraction was increased from 50 \ig to 75 and 
100 yg this luteinized thecal reaction intensified

It will be noted that the thecal reaction 
described above was completely different from 
that observed after the injection of FSH, B-1 
or LH (IRC, 24.6.69) alone. The difference was
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Dose of 
FSH + LH

Time After Injection
1 hr 6 hrs 12 hrs 24 hrs 48 hrs

25 yg FSH 
+ 25 yg LH - + -f ++ ++

25 yg FSH 
+ 50 yg. LH - + + ++ +++

25 yg FSH 
+ 75 yg LH - + + +++ +++

25 yg FSH 
+100 yg LH - ++ + + + -f-++ +++

Table 38 Follicular Changes - Thecal Stimulation
The effect of 25 yg FSH and varying doses of LH on 
the thecal formation in the ovaries of two hypophy
sectomized rats at each time interval.
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not only in morphology but also in the time of 
appearance. As the theca became more prominent 
the granulosa of these follicles degenerated and 
by forty eight hours with the high doses of the 
LH fraction the follicles had become theca lutein 
cysts (Fig. 73).

Effect on the Corpora Lutea

As already noted the corpora lutea of hypophysect
omized mature female rats appeared relatively normal 
seven days after the operation. The luteal cells 
had abundant cytoplasm with a moderate amount of RNA, 
contained fine and coarse lipid droplets and gave a 
moderately strong reaction for 33 steroid dehydro
genase .

With the administration of the combined FSH and LH 
preparation the corpora lutea appeared to increase 
in size. These copora lutea were not new ones and 
this was obvious for two reasons, (i) there was no 
sign of new formation of corpora lutea with the lower 
doses of the LH fraction and (ii) there was a small 
mass of dense collagenous tissue in the centre of 
the corpora lutea. The diameter of the largest 
corpus luteum encountered in the present series was 
1.42mm and it was seen twenty four hours after the 
injection of 25 yg FSH and 50 yg LH. This contrasted 
with the size of the corpora lutea in the hypophy
sectomized controls seven days after the operation
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Fig. 73
Ovary from a hypophysectomized animal 24 hours 
after receiving 25 yg FSH plus 75 yg LH. This 
shows a small cyst containing granules of 
chromatin, the remains of necrotic granulosa 
cells. The wall of the cyst is a thick layer 
of luteinized thecal cells.
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when the largest corpus luteum found was 1,00mm.

The surface hyperaemia of the ovaries noticed at 
autopsy and the increased vascularity of the corpus 
luteum was microscopically obvious with 25 yg FSH +
25 y g LH at twelve hours and progressively increased 
when the dose of the LH fraction was increased to 
reach a maximum of 100 y g at twenty four hours. In 
all dose schedules there was no apparent evidence of 
hyperaemia at forty eight hours (Table 39).

In addition to the increase in vascularity and the 
size of the corpora lutea, combined FSH and LH in all 
dose schedules except those at one hour caused a 
progressive increase in the amount of cytoplasmic 
RNA. This was apparent by six hours and had progress
ively increased by twelve and twenty four hours. 
Proportionately, with the increase in cytoplasmic RNA, 
there was an apparent reduction in both the number 
and size of the lipid droplets in the luteal cells.

At forty eight hours this effect had continued with 
all doses except 25 y g FSH + 100 y g LH when there was 
a reduction in the cytoplasmic RNA and an increase 
in the size and number of lipid droplets.

The reaction for 3g steroid dehydrogenase showed 
alterations with the administration of FSH and 
increasing doses of the LH fraction. The reaction was 
positive each time with a tendency to increase
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Dose of 
FSH + LH

Time After Injection
1 hr 6 hrs 12 hrs 24 hrs 48 hrs

25 yg FSH 
+ 25 yg LH - - + + -

25 yg FSH 
+ 50 yg LH "" - + ++ -

25 yg FSH 
+ 75 yg. LH - - ++ + + -

25 yg FSH 
+1.00 yg LH ++ + + + -

Table 39 Ovarian Vascularity
The effect of 25 yg FSH, B-1 and varying doses of 
LH (IRC, 24.6.69) on the ovarian vascularity of 
the ovaries of two hypophysectomized rats at each 
time interval.
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in positivity with the increase in the LH fraction 
(Table 40).

Effect on the Interstitial Tissue

The administration of a combined preparation of 
FSH, B-1 and LH (IRC, 24.6.69) in all dose schedules

I

had no influence on the interstitial tissue at one 
hour. The earliest sign of the repair of this tissue 
occurred twelve hours after the administration of 
25 yg FSH + 25 yg LH and at all other dose schedules 
except 25 yg FSH + 100 yg LH when stimulation was 
noted as early as six hours. The degree of stimulation 
increased parallel with the dose of the LH fraction 
(Table 41). The cells increased in size, gained in 
cytoplasm which became basophilic and showed large 
vesicular nuclei (Figs. 74-76).

Cytoplasmic RNA progressively increased with the 
increased dose of the LH fraction. There was a 
corresponding decrease in the lipid droplets. The 
intensity of the reaction for 36 steroid dehydrogenase 
was parallel with that for RNA. It was noticeable 
that these changes were more marked than those observed 
after treatment with FSH or LH alone. The relative 
changes in the histochemical reactions are shown in 
Table 42. Fig. 77 illustrates the strong reaction 
for 36 steroid dehydrogenase.
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Hypophysectomized 
Rat + FSH, B-1 
+ LH (IRC, 24.6.69)

. . Histochemical Methods
Pyronin 
M.Green

Oil 
Red 0

36 Steroid 
Dehy dr o genas e

25 yg FSH
+ 25 yg LH

1 hour + +++ +
6 hours ++ ++ ' ++
12 hours +++ + +++
24 hours +++ + +++
48 hours +++ ++ ++

25 yg FSH
+ 50 yg LH

1 hour + +  4* + +
6 hours ++ + + ++

12 hours +++ + +++
24 hours +++ + +++
48 hours +++ + +++

25 yg FSH
+ 75 yg LH

1 hour + + + + +
6 hours ++ ++ ++

12 hours +++ + +++
24 hours +++ + +++
48 hours +++ + +++

25 yg FSH
+100 yg LH

1 hour + + + + +
6 hours ++ + + ++
12 hours +++ + +++
24 hours +++ + +++

........  48 hours +++ ++ +++

Table 40 Corpora Lutea
The effect of FSH, B-1 25 yg and varying doses of LH 
(IRC,24.G.69) on the corpora lutea of the ovaries of 
two hypophysectomized rats at each time interval.
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Dose of 
FSH + LH

Time After Injection
1 hr 6 hrs 12 hrs 24 hrs 48 hrs

25 yg FSH 
+ 25 yg LH - - + ++ -

25 yg FSH 
+ 50 yg LH

— + ++ +

25 yg FSH 
+. 75 yg LH - - + + + +++

25 yg FSH 
+100 yg LH - + ++ +++ +++

Table 41, Interstitial Tissue Repair
The effect of 25 yg FSH and varying doses of LH on 
the interstitial tissue of the ovaries of two 
hypophysectomized rats at each time interval.
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Hypophysectomized 
Rat + FSH, B-1 
+ LH (IRC, 24.6.69)

..... Hist.ocJiemical. Methods
Pyronin 

. M.Green
Oil 

, Re d .0
3 Steroid 

. Dehy droge nas e

25 yg FSH
+ 25 yg LH

1 hour — +++ —
6 hours +++ —

12 hours + +++ ±
24 hours + 4-4- 4-
4.8 hours ± +-h4- 4-

25 yg FSH
+ 50 yg LH

1 hour — + 4--f‘ —

6 hours — ++ + —

12 hours ± ■4-+-f- ±
24 hours + 4--f +
48 hours + + -f 4-

25 yg FSH
+ 75 yg LH

1 hour — +++ —

6 hours — 4.4.4. —

12 hours + + + -H
24 hours + + 4- 4-4-
48 hours + + + 4-4-

25 yg FSH
+100 yg LH

1 hour — ■MM

6 hours ± 4-4-4- ±
12 hours + 4-4- +
24 hours + + 4- 4-4-
.4.8 hours + + .+ + ......++

Table 42. Interstitial Tissue
The effect of FSH, B-1 25 Ug and varying doses of LH 
(IRC, 24.6.69) on the interstitial tissue of the 
ovaries of two hypophysectomized rats at each time 
interval.
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Fig.74
An ovary from an animal 12 hours after receiving 
25 yg FSH and lOOyg LH. Three small pre-antral 
follicles are present. Degeneration of the 
granulosa cells is taking place in the largest 
follicle. Note the prominent interstitial tissue 
H. & E. X 130.
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Fig. 75

Interstitial cells from an ovary 48 hours after the 
administration of 25 yg FSH and 75 yg LH. The cells 
are fully luteinized and very numerous.
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Fig. 76
High power view of the luteinized interstitial 
cells seen in the previous illustration.
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Fig. 77
A high power view of the interstitial tissue stained 
for 36 steroid dehydrogenase from an animal receiving 
25 yg FSH plus 50 yg LH. A good positive reaction is 
obtained. X.300.
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EFFECT OF FSH + INCREASING DOSES OF LH ON THE 
UTERINE HISTOLOGY

The same changes noticed with FSH alone were apparent 
with FSH + LH but in much greater degree. Marked 
dilatation of the lumina of the cornuae had occurred. 
The uterine wall was greatly thickened; this was 
mainly due to oedema of the tissue which had affected 
both the myometrium and endometrium, part of this was 
probably intracellular since the myométrial cells 
appeared enlarged. The endometrial glands were 
elongated and the lining epithelium was somewhat 
taller than in the controls. The degree of change 
was directly proportional to the dose of gonado
trophins administered. Fig.78 shows the uterus and 
ovaries removed from the hypophysectomized rat twenty 
four hours after receiving 25 yg FSH plus 50 yg LH.
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Fig. 78
Uterus and ovaries removed from a hypophysectomized 
rat 24 hours after receiving 25 yg FSH plus 50 yg 
LH. Note the enlargement of the ovaries and the 
uterine horns distended with fluid, and the congestion 
of the ovaries.
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DISCUSSION

CHOICE OF ANIMAL

The use of proper control groups is essential.
Careful standardization of experimental conditions 
helps to reduce variability and to increase the 
reliability of the experiment. A factor often 
neglected is the effect of the laboratory environment 
on the results of experiments with rats. For most 
work the experimental room should have the same 
conditions of lighting, temperature and humidity as 
the animal room in which the rats were reared.

The number of experimental animals housed together 
in the cage is important as this affects the 
temperature and humidity of the cage microclimate, 
and also has a marked effect upon the endocrine 
balance of these animals.

Usually the adult female rat has a four-day cycle but 
a percentage have five-day cycles, It was therefore 
necessary to eliminate these animals with five-day 
cycles. The length of the cycle was determined by 
examining vaginal smears. The basis for this was 
established by Courrier (1950) who demonstrated the 
sensitivity of rat vaginal epithelium to hormones. 
Schwartz and Bartosik (1962) extended these 
observations and showed that the vaginal epithelium 
established cyclical changes corresponding to those 
found in the ovary and endometrium.
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The rat ovulates spontaneoulsy under normal 
conditions but the cycle and ovulation can be altered 
by changing the environment. If female rats are kept 
in constant light a persistent stage of oestrus is 
established but ovulation only occurs on copulation, 
i.e., the animal has become a "reflex ovulator" 
(Dempsey and Searles, 1943). Hoffmann (1970) has 
shown that provided the light period is less than 
twelve hours per twenty-four most rats have a four-day 
cycle, but if sixteen hours of light are provided the 
cycle is extended to five days. This of course will 
vary with the particular breed of rat and even with 
different colonies of the same breed. The majority 
of animals in our colony had a four-day cycle with 
fourteen hours of light.

The rat required was one with a four-day cycle and 
the ovaries had to contain corpora lutea which were 
fresh. In addition, so far as could be ascertained, 
the oestrogen production should not be high.

Sexually mature female Sprague Dawley rats were 
tested by vaginal smear to establish the duration of 
their cycles, and were kept under standard conditions 
with not more than fourteen hours of light.

Hypophysectomy was carried out towards the end of 
oestrus when the vaginal smear showed falling off of 
oestrogen influence in four-day cycle rats.

It may occasion some surprise that the animals in
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this experiment were kept in light conditions for 
fourteen hours when it was stated by other workers 
that a time of less than twelve hours is more 
appropriate for inducing four-day cycles in the 
female rat. This however is only one factor. The 
rats used in these experiments had been kept by the 
breeder from birth in an environment providing 
fourteen hours of light and it was felt that since 
the majority already exhibited four-day cycles there 
was no point in making a change and possibly upsetting 
other factors such as times of feeding and activity.
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THE GONADAL EFFECTS' OF HYPOPHYSE CTOMY IN THE 
ADULT FEMALE RAT

In recent times most studies on the gonadal effects 
of hypophysectomy in the rat have been carried out 
on immature animals (e.g., Lane, 1935; Payne and 
Hellbaum, 1955 and Louvet et al., 1975a). The reason 
of course is obvious, In the immature animal there 
are no apparent cyclical changes in the genital tract 
and ovulation does not take place. The number of 
variables in an experiment are therefore reduced. 
Equally most of the studies have been short-term and 
there are few accounts of the long-term changes in 
the ovary following removal of the pituitary.

All are agreed that removal of the pituitary results 
in atrophy of the ovaries but accounts of the 
structural changes have consisted of isolated observ
ations on individual structures. According to Swezy 
(1933) and later to Burkl and Kellner (1954) there is 
an increase in oogenesis after hypophysectomy. 
However, Ingram (1953) and Jones and Krohn (1961) 
showed beyond any doubt that oocytes decrease at a 
slower rate after hypophysectomy: in other words,
atresia was slower. Complementing this observation, 
Williams (1956) showed that administration of 
gonadotrophins to hypophysectomized immature rats 
hastened atresia. In this present study while no 
attempt was made to count the oocyte population in
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the ovaries it seemed that degenerative changes 
occurring in a regular fashion affecting the largest 
follicles first, followed by medium sized and small 
antral follicles and at a relatively late date, the 
pre-antral follicles. Although pre-antral follicles 
presisted there was no evidence of larger follicles 
so it is assumed that they were not growing. This 
may agree with the statement of Lunenfeld and Eshkol
(1968) that follicular growth is retarded by the 
lack of gonadotrophins. It has been stated that 
follicles can actually develop to the pre-antral 
stage in the absence of gonadotrophins (Young, 1961; 
Mauleon, 1969 and Nakano et al., 1975) but most of the 
evidence for this is indirect and deduced or derived 
from experiments other than direct observation of 
the hypophysectomized animal. The small pre-antral 
follicles are virtually the only follicular structure 
to be seen seven days after hypophysectomy and even 
in those there were no morphologically evident mitotic 
figures in the granulosa cell layers. There were 
occasionally one or two small antral follicles. The 
presence of these occasional antral follicles can be 
explained by the slowing of the process of atresia 
described by Ingram (1962).

The degenerative changes in the animals in this 
experiment appeared first in the oocyte followed 
closely by disruption of the granulosa with the
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theca persisting for some time thereafter but 
eventually undergoing a fatty degeneration.

The cells of the interstitial tissue very quickly 
lost RNA, became bloated with large lipid globules, 
and lost the ability to form 33 steroid dehydrogenase. 
Lipid later disappeared, the cells became small and 
atrophied. In 1959, Levy et al, drew attention to 
this rapid loss of 3 3 steroid dehydrogenase from the 
interstitial cells of the hypophysectomized rat, and 
in 1954 Nishizuka described atrophy of the interstitial 
tissue following removal of the pituitary from the 
mature rat. In an ultrastructural study, Flerko et al. 
(1967) demonstrated the disappearance of the organ
elles of steroidogenesis from the interstitial cells 
after hypophysectomy. Contrariwise, Carithers and 
Green (1972) showed that the administration of 
gonadotrophins to hypophysectomized female rats 
stimulated the interstitial tissue.

Apart from pre-antral follicles, the only other 
structure in this series that usually retained its 
histological structure seven days after hypophysectomy 
was the corpus luteum. This persistence of the corpus 
luteum and lack of luteolysis was described by Selye 
(1948) and Malven and Sawyer (1966). In this series, 
the corpus luteum in the hypophysectomized animals 
was not only structurally intact but the cells had 
retained part of their content of RNA and 33 steroid
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dehydrogenase. Levy et al. (1959) also observed 
the persistence of 33 steroid dehydrogenase activity 
in the corpus luteum of the hypophysectomized rat 
and contrasted it with the rapid disappearance of the 
enzyme from the interstitial tissue.

The process of luteolysis is not clearly understood. 
Pituitary grafts will maintain the corpus luteum of 
bypophysectomized rats for a long time in an active 
condition. According to Everett (1956) this is due 
to prolactin secretion by the graft. Rothchild (1965a) 
however pointed out that it might be just as much due 
to the absence of LH secretion by the graft since he 
had found that LH administered to hypophysectomized 
animals induced luteolysis (Rothchild 1965b). As early 
as 1936 Lahr and Riddle had shown that administration 
of prolactin to intact adult female rats caused 
mucification of the vaginal smear and abolition of 
the oestrous cycle. This suggested that persistent 
progesterone secretion had been induced and by 
inference the corpus luteum had been maintained.
Astwood (1941) showed that prolactin given to hypophy
sectomized rats prevented the cornifying action of 
oestrogen by maintaining progesterone secretion. The 
position appears to be that LH is necessary for 
ovulation and luteinization and perhaps helps to 
initiate progesterone production but prolactin is 
necessary for maintenance of the corpus luteum and its



243

continued progesterone secretion.

Obviously in hypophysectomized animals the luteolytic 
process whatever it may be ceased to operate and the 
corpus luteum remained relatively intact for at least 
two weeks and only showed marked degenerative changes 
after three weeks.
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THE INITIATION OF FOLLICLE GROWTH AFTER 
HYPOPHYSECTOMY

The various substances such as FSH, LH, prolactin, 
oestrogen, progesterone and androgen which all 
influence ovarian activity, form an interlocking 
system. The difficulty in determining the position 
of any substance in this system is that each one 
appears to have several actions and may act on more 
than one type of ovarian tissue. It is particularly 
difficult to interpret morphological studies of the 
adult ovary since growth and degeneration take place 
side by side.

Kinetic analysis of the follicle growth (Pedersen, 
1970) and sequential measurements (Hirschfield and 
Kortiz, 1966) indicate that some primordial follicles 
begin to grow each day but little is known of the 
mechanisms which initiate this process in the intact 
animal. According to Young (1961) the first stages 
in the growth of the primordial follicle does not 
require the presence of gonadotrophins, and Mauleon
(1969) and Nakano et al. (1975) both claimed that the 
follicle can develop to the pre-antral stage in 
hypophysectomized rats. In the present study of the 
ovaries from hypophysectomized rats it was impossible 
to substantiate or deny this claim. It can however be 
conceded that small pre-antral follicles persisted in 
an apparently healthy state for many days following 
hypophysectomy. Growth was slow in this
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initial stage and was confined to the granulosa 
(Robinson, 1918) and mitoses only became obvious 
when an antrum was formed (Bullough, 1942). Mitotic 
figures were not observed in the pre-antral follicles 
in untreated hypophysectomized animals in this study. 
It must be admitted that the number of animals studied 
was small but more sophisticated experiments involving 
possibly the use of tritiated thymidine and hormone 
analysis would be required to settle this point.

Much more evidence is available regarding those 
substances which positively stimulate growth of 
follicles. Oestrogens are an example of such a 
substance. According to Louvet et al. (1975a)if 
oestrogen is given to a hypophysectomized immature 
female rat large pre-antral follicles are formed. As 
long ago as 1935, Lane showed that small doses of 
oestrogen given to intact animals increased the 
number of developing follicles. Payne and Hellbaum 
(1955) have gone so far as to state that oestrogen is 
necessary to stimulate pre-antral growth of the 
follicles. Recently, Richards and Midgley (1976) 
demonstrated nuclear receptors for oestrogen in 
granulosa cells. It has been shown that oestrogen 
increases the number of FSH receptors in the 
granulosa of developing follicles, but it does so 
by inducing granulosa proliferation (Louvet and 
Vaitukaitis, 1976). Previously, Zeleznik et al.
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(1974) claimed that the granulosa of follicles was 
the only site where FSH receptors were found and this 
was also stated by Rajameni and Midgley (1975) 
working with the rat. If true, this is an important 
point in view of the results in the present experi
ments involving the use of FSH. There are a number 
of reports scattered throughout the literature 
indicating that oestrogen modifies the follicular 
response to gonadotrophins, among them Pencharz 
(1940); Williams (1940) and Smith and Bradbury (1961). 
The latter authors also pointed out that oestrogen 
sensitises the ovary to FSH but not to LH.

After the elapse of seven days following hypophy
sectomy the animals in this study possessed ovaries 
in which the only really viable structures were small 
pre-antral follicles and corpora lutea. All other 
structures including the interstitial cells had 
undergone atrophy. If, as has been claimed, 
oestrogen is necessary for the initial stages of 
follicular growth and this must operate before FSH 
can act, the possible source of oestrogen in these 
ovaries must be considered since the administration 
of FSH, even in relatively small doses, was followed 
within a few hours by granulosa proliferation and 
follicular development. This growth of follicles 
was shown to be dose dependent and these changes 
were statistically significant. Although Young (1961) 
claimed that primordial follicles can develop to
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the primary and early pre-antral stages he could 
find no evidence that these follicles produced 
steroids. In other words there could be no question 
of a self-stimulatory steroidal process operating in 
the ovaries of the hypophysectomized animals in this 
study and therefore no question of FSH receptor 
production prior to the administration of FSH itself.

It was necessary at this point to consider the 
sources of oestrogen production within the normal 
ovary. During the follicular or proliferative phase 
of the human menstrual cycle there is a rising curve 
of oestrogen production which reaches a peak at or 
near ovulation. The same pattern of events has been 
shown to exist in other primates and in the rat. 
According to Baird and Fraser (1974) 95% of the 
oestrogen produced is derived from developing 
follicles or the corpus luteum according to the stage 
of the cycle. This has been confirmed by Makris and 
Ryan (1975). Both structures have been shown to be 
capable of producing oestrogen in the rat and also 
in humans. The only statement to the contrary is 
that of Baird et al. (1976) who stated that in the 
sheep only the follicles seem capable of oestrogen 
production, the corpus luteum being entirely 
concerned with the formation of progesterone. The 
cellular source of oestrogen production by the 
follicle is still a matter of great controversy. 
Innumerable studies have been made to try to
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elucidate this problem. Initially, morphological 
studies provided the main evidence and from these it 
seemed that the theca cell was bound to be the main 
source in the follicle. Thecal cell growth during 
the menstrual and oestrous cycles parallelsthe output 
of oestrogen and with the demonstration of 3p steroid 
dehydrogenase in these cells (Deane, Lobel and Romney, 
1962) it seemed reasonable to assume that the case 
was proven. As recently as 1972, Besch and Buttram 
made the blunt statement that oestrogen was the 
steroid produced in the follicular phase and it was 
derived from thecal cells. Balboni (1970, 1973 and 
1976) in successive morphological studies was also 
convinced that thecal cells were the source of ovarian 
oestrogen.

Experimental studies throw some doubt on this. In 
1959, Ealck reported his classical studies of tissue 
implants. Granulosa and thecal tissues were 
separated and implanted separately or together in the 
anterior chamber of the eye of castrated experimental 
animals. A strip of vaginal mucosa was implanted at 
the same time to act as an indicator of oestrogen 
production. Granulosa cells alone gave no indication 
of oestrogen formation, theca cells provided some 
oestrogen but the most marked effect was produced 
when both thecal and granulosa cells were present. 
These experiments have given rise to the so called
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"two cell" theory of oestrogen production.

It seems reasonably certain that granulosa cells do 
not produce oestrogen from basic substances such as 
cholesterol or acetate. Ryan et al. (1968) could 
find no evidence of oestrogen production by granulosa 
cells maintained vitro. Channing and Coudert (1976) 
showed that removal of granulosa cells and fluid from 
follicles did not alter the oestrogen level of ovarian 
vein blood. According to Flerko et al. (1967) 
electron microscope studies of rat ovaries showed that 
the organelles usually found in steroid producing cells 
are only found in granulosa cells derived from 
follicles about to ovulate. Despite this there are a 
number of iu vitro studies which demonstrate that 
granulosa cells can produce, if not oestrogen, at least 
steroidal substances (Ryan and Petro, 1966 and Ryan et 
al., 1968). Ryan et al. (1968) demonstrated some 
progesterone production by granulosa cells from antral 
follicles cultured ir. vitro. Hillier et al. (1977) 
found that granulosa cells of pre-antral follicles 
from immature hypophysectomized rats pre-treated with 
oestrogen produced small amounts of progesterone.
Again, the importance of oestrogen in this matter 
should be noted. In addition, Lucky et al. (1977) 
showed that if testosterone or 5a dihydrotestosterone 
were added to the culture medium, the formation of 
progesterone was greatly facilitated. This effect
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was neutralised if an anti-androgen was added 
(Hillier et al., 1977), Granulosa cells appear to 
have receptor sites for androgens as well as 
oestrogens (Schreiber and Ross, 1976), The same 
stimulatory effect of androgens on progesterone 
production was noted in granulosa cells cultured 
from mature antral follicles (Nimrod and Lindner, 
1976 and Schomberg et al., 1976), The importance 
of all this is that granulosa cells are capable of 
performing some of the biochemical transformations 
in the steroid pathway but only after initial 
stimulation by oestrogen. Under certain circum
stances they can even form oestrogens from 
androgenic precursors. Armstrong and Papkoff (1976) 
showed that the blood oestrogen of immature 
hypophysectomized rats increased following the 
administration of testosterone provided antral 
formation was stimulated. Giving 5a dihydrotesto
sterone in these circumstances had no effect, the 
difference being that testosterone can be aromatized 
and 5a dihydrotestosterone cannot. According to 
Fortune and Armstrong (1977) the theca secretes 
aromatizable androgens and Baird and his associates
(1976) stated that androstenedione was the main 
steroid produced by the ovarian stroma.

Seven days after hypophysectomy the animals in 
this study had no intact antral follicles which 
could have produced oestrogen to start the initial
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growth of primary follicles. Granulosa cells had 
disappeared from the antral follicles so that even 
if the theca had produced aromatizable androgen it 
would have remained an androgen and was likely to 
intensify the atretic process. The gross accumulation 
of lipid combined with the absence of RNA and 33 
steroid dehydrogenase in the theca makes it unlikely 
however that androgens were being formed. For the 
same reason and also because mitotic activity was 
absent from the surviving small pre-antral follicles 
the theca could not have been producing oestrogen. 
Nevertheless FSH produced marked follicular activity 
in the ovaries of the hypophysectomized animals in 
this experiment and there must have been at least a 
potential source of oestrogen in these ovaries which 
would cause the initial granulosa cell growth and 
induce the formation of FSH receptors.

Two other tissues in the rat ovary must be considered 
in this matter - the interstitial tissue and the 
corpora lutea. Functional studies of the rat 
interstitial tissue is difficult because of its 
diffuse distribution. Several morphological studies 
have been carried out. Flerko et al. (1967) in an 
electron microscope study found that the interstitial 
cells were the first in the ovary to develop the 
organelles of steroid producing cells. These 
appeared around the eighteen day of life. At a later
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date they formed in the thecal cells of vesicular 
follicles, Flerko and his colleagues were of the 
opinion that the interstitial and thecal tissues 
were the source of ovarian oestrogen. Guraya (1974) 
using histochemical techniques is also of the opinion 
that interstitial cells have the characters of 
steroidogenic cells and demonstrated the presence of 
cytoplasmic lipid and 33 steroid dehydrogenase. Deane, 
Lobel and Romney (1962) in morphological studies were 
of a similar opinion. The existence of an interstitial 
tissue in other species, such as is seen in the rat, 
is a matter for debate but its equivalent in the human, 
the ovarian cortical stroma, is also thought to be 
steroidogenic (Dubreuil, 1945, 1946, 1948; Mossman et 
al., 1964; Motta, 1966 and Balboni, 1974). It is said 
to undergo changes during the different phases of the 
menstrual cycle (Duke, 1947; Catchpole et al,, 1950 
and Balboni, 1959, 1962). Balboni (1970, 1973, 1976) 
is of the opinion that it produces oestrogen. 
Morphological changes also occur in the rat inter
stitial tissue during the oestrous cycle. According 
to Motta and Bourneva (1970) activity is most marked 
during pro-oestrus and oestrus. Since the blood 
oestrogen level is high during pro-oestrus and 
oestrus it would seem natural to conclude that this 
activity of the interstitial tissue is related to 
oestrogen production. The question is - in what
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capacity? In addition, in the present experiments, 
assuming that the interstitial tissue cells are 
capable of producing oestrogens, were they able to 
do so seven days after hypophysectomy? Or failing 
this, could they be induced to do so by the 
administration of gonadotrophins and thereby initiate 
the beginning of granulosa cell proliferation?

There is considerable evidence to indicate that 
gonadotrophins influence the stromal endocrine 
compartments (Claesson et al,, 1954; Balboni, 1960; 
Savard et al,, 1965; Armstrong, 1968; Merker and Diaz 
Encinas, 1969 and Guraya, 1971, 1973). Nishizuka 
(1954) showed that hypophysectomy in the adult rat 
caused atrophy of the interstitial tissue of the 
ovary. According to this observer degeneration with 
pyknosis of nuclei begins within five days and there 
is a marked decrease in the volume of the tissue by 
fifteen days post-hypophysectomy. In the present 
experiments the appearance of nuclear pyknosis was 
slower in appearing, round about the twelfth day 
post-hypophysectomy, but shrinkage of the tissue was 
apparent almost at the same time as in Nishizuka*s 
study - sixteenth day. By twenty-two days post- 
hypophysectomy recognisable interstitial tissue had 
almost disappeared from the ovaries of the animals 
in the present experiments. Functional changes 
however appeared very quickly after hypophysectomy.
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Cytoplasmic RNA diminished steadily while, initially, 
lipid accumulated, suggesting storage and lack of 
steroidogenesis. Most striking was the diminution of 
33 steroid dehydrogenase. Within a few days this 
enzyme had disappeared entirely from the cytoplasm of 
the interstitial cells. This agreed with the findings 
of Levy et al. (1959). At the time when experiments 
with gonadotrophins were commenced, i.e., seven days 
post-hypophysectomy, the interstitial tissue cells 
possessed no RNA, contained large amounts of the lipid 
which had accumulated in the earlier days, and gave a 
negative reaction for 33 steroid dehydrogenase. It 
seems highly unlikely therefore that these cells could 
have been producing oestrogen to initiate granulosa 
cell growth. In any case, as has been seen, there was 
no evidence of mitotic activity in the granulosa cells 
of the persisting pre-antral follicles.

The other possibility mentioned, that gonadotrophins 
might stimulate this tissue to produce oestrogens is 
worth considering. Carithers and Green (1972), 
studying the ultra-structure of rat ovarian inter
stitial cells, found evidence of stimulation of these 
cells by gonadotrophins after hypophysectomy. Rice 
and Savard (1966) and Leymarie and Savard (1968), 
studying human stromal cells in vitro, found that the 
function of the cells was augmented by gonadotrophins 
and Baird (1976) stated that a minimal level of LH
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is necessary for the maintenance of steroid 
synthesis by the stroma. In the present experiments 
the interstitial cells morphologically showed evidence 
of stimulation by both FSH and LH. In the case of LH 
however there was no sign of follicular growth and 
indeed there was evidence to the contrary which will 
be considered later. With FSH there was growth of 
pre-antral follicles which proceeded to mature into 
antral follicles: the question is one of timing. If 
the oestrogen responsible for starting granulosa cell 
growth was formed by the interstitial cells under the 
influence of FSH, signs of returning function in these 
cells would become apparent before the onset of 
granulosa cell growth, i.e., return of cytoplasmic 
RNA, decrease in lipid and the re-emergence of 33 
steroid dehydrogenase. This did not seem to be so 
in the present experiments. While these changes did 
take place in the interstitial cells they lagged 
behind granulosa cell proliferation which was well 
established by 24 hours after an adequate dose of 
FSH. This fits in with the findings of Carithers 
and Green (19 72) who gave pregnant mare's serum to 
hypophysectomized rats. The first signs of stimulat
ion seen with the electron microscope occurred in the 
nuclei of the interstitial cells and were only marked 
36 hours after treatment. Cytoplasmic changes 
occurred later. Despite these arguments the
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possibility does remain that the function of the 
interstitial tissue cells might return sufficiently 
to form a little oestrogen.

At the same time there are the corpora lutea which 
were structurally intact in seven day post- 
hypophysectomy animals. The persistence of corpora 
lutea has been commented upon by Selye (1948) and 
Malven and Sawyer (1966) and would indicate that the 
pituitary secretions are luteolytic. This has been 
suspected for a considerable time (Rothchild and 
Quilligan, 1960) and IH has been incriminated 
(Rothchild and Schwartz, 1965).

The corpora lutea in the present animals retained 
considerable cytoplasmic RNA, showed only a moderate 
accumulation of lipid and still possessed large 
amounts of 33 steroid dehydrogenase. The latter 
observation confirms the findings of Levy et al. 
(1959), Only after twelve days was there a marked 
increase in lipid in the luteal cells and slowly 
progressive degenerative changes thereafter. In 
other words at seven days post-hypophysectomy, the 
corpora lutea possessed the characteristics of steroid 
producing cells. Since it was not possible to see 
any sign of growth of the granulosa cells in the small 
pre-antral follicles it must be assumed that this 
steroidogenic activity was more potential than actual 
so far as oestrogen production was concerned.
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Following the administration of FSH however there 
appeared to be an increase of RNA, a reduction in the 
amount of intracellular lipid and an intensification 
of the reaction for 33 steroid dehydrogenase in the 
luteal cells. This was noted with the smallest dose 
of FSH and occurred before there was any sign of 
follicular activity. This change was dose and time 
related. Follicular growth was also dose and time 
related but it lagged behind the histochemical changes 
in the corpora lutea. This contrasts with the 
relationship between the alterations in interstitial 
cell activity and follicular growth. Granulosa cell 
growth was always in advance of interstitial cell 
change. These findings suggest that the corpora 
lutea may have been forming oestrogen under the 
influence of FSH,

No reference could be found in the literature relating 
directly to this possibility. vitro experiments
with corpora lutea involving incubation with suitable 
substrates have shown that they can form both 
progesterone and oestrone, chiefly progesterone 
(Zander, 1958; Zander et al.,1959; Hammerstein et al., 
1964 and Savard et al., 1965), and LH stimulated the 
process (Rice et al., 1964). Under normal conditions 
the rat corpora lutea secrete small quantities of 
progesterone and then only for a short space of time 
(Bogdanove, 1972). McDonald et al. (1966) showed 
that if LH was given to hypophysectomized rats
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oestrogen was increased but only if corpora lutea 
were present. This at least shows that the corpora 
lutea are responsive to stimulation. On the other 
hand, Louvet et al. (1975a and b) found if LH was 
administered to hypophysectomized rats there was a 
fall in ovarian weight even if the animals had been 
pre-treated with oestrogen. Histologically there was 
increased atresia of follicular tissue. This was 
also the experience In the present experiments.

The only report which may have some bearing on the 
findings in the present experiments is that of Hori 
et al. (1968), These workers found that while small 
doses of FSH given to hypophysectomized rats had no 
effect, large doses resulted in oestrogen secretion. 
Hypophysectomy however was carried out in dioestrus 
and little time had elapsed between hypophysectomy 
and the beginning of treatment.

The suggestion that FSH stimulates the corpora lutea 
to produce oestrogen seems a reasonable hypothesis 
in the light of these findings. The rise in FSH at 
or near the time of ovulation has never been 
explained (McClintock and Schwartz, 1968 and Gay et 
al., 1970b). FSH is known to stimulate the formation 
of 33 steroid dehydrogenase by granulosa cells 
(Zeleznik et al., 1974), and there is no evidence 
that it does not still have an influence when these 
cells become luteinized.
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THE ACTION OE FSH ON OVARIAN STRUCTURE AND FUNCTION

Reference has already been made to the changes found 
in corpora lutea following administration of FSH.
This section deals'with changes in other ovarian 
structures.

In the present experiments it was shown that with 
FSH there was a production of antral follicles with 
doses above 25 pg. The phases of growth with time 
were: 1. Growth of pre-antral follicles, 2. Appear
ance of antral follicles with diminution of pre- 
antral follicles, and 3. Reappearance of pre-antral 
follicles, suggesting a continuing mechanism. From 
available evidence, the initial growth of pre-antral 
follicles appears to be due to oestrogen stimulation 
and as has been suggested this oestrogen could come 
from the corpus luteum stimulated by FSH.

The reappearance of pre-antral follicles would 
indicate a persisting secretion of oestrogen. At 
this stage, in addition to the corpus luteum as a 
possible source of oestrogen there is the regenerated 
interstitial tissue and the theca around the growing 
follicles. Granulosa cells are thought to be the 
exclusive site for FSH receptors (Zeleznik et al., 
1974). If this is true then the stimulation of 
interstitial tissue and theca would not appear to be 
due to a direct action of FSH but rather to local 
factors. The fact that the growth of these tissues
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was a relatively late feature in the FSH experiments 
also supports this idea.

The appearance of thecal tissue around the follicles 
could not have been expected. In addition it was 
interesting to note that RNA and 3g steroid dehydro
genase appeared in both thecal and interstitial tissue. 
Zeleznik et al. (1974) stated that granulosal 3 3 
steroid dehydrogenase activity was stimulated in 
immature rats given FSH. It may be that this is one 
of the actions of FSH which is not confined to one 
particular cell type.

There was no evidence that oestrogen was being 
secreted in large quantities in the FSH experiments 
in this study since the uterus was only slightly 
increased in size and this was not statistically 
significant. The task was to try to relate morphology 
to function and this raised questions in regard to both 
thecal and interstitial cells. Despite large doses 
of FSH the thecal cells retained their simple spindle 
shape and neither they nor the interstitial cells 
showed any sign of luteinization. There is a 
considerable amount of evidence to show that thecal 
and interstitial cells can form androgens in certain 
conditions. Dorrington et al. (1975) showed that 
granulosa cells incubated with testosterone and 
stimulated by FSH produce oestrogen, and iji vivo 
studies Armstrong and Papkoff (1976) found the blood 
oestrogen increased following the administration
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of testosterone and. FSH. This effect was not 
produced if a non-aromatizable androgen was used 
instead of testosterone, indicating that FSH 
induced the ability in granulosa cells to aromatize 
androgens. It might therefore be argued that the 
theca and interstitial tissue in the experimental 
animal model were producing androgens which were 
aromatized by granulosa cells under the influence of 
FSH. Fortune and Armstrong (1977) have shown however 
that thecal cells will produce aromatizable androgen 
but only when stimulated by LH. It therefore seems 
unlikely that androgens were being produced by the 
theca in the present animals. In addition, androgens 
can actually prevent the stimulatory effect which 
oestrogen has on follicular growth and may produce 
atresia (Louvet et al., 1975b). There was no sign of 
inhibition of follicular growth or early atresia in 
the experiments with FSH alone. From this it seems 
reasonable to suggest that the morphological forms 
assumed by the thecal and interstitial cells 
following FSH administration are not associated with 
production of androgen in any quantity.

Antral formation occurred quickly after the 
administration of FSH and with the higher doses 
antra formed prematurely in very small follicles. 
Instead of a single space forming, numerous small 
spaces appeared among the granulosa cells all around
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the circumference of these follicles. The exact 
mechanism of antrum formation is not clearly 
understood (Zachariae, 1957) but it has been shown 
that FSH stimulates granulosa cells to secrete large 
molecule proteoglycans containing sulphate 
radicles both in vivo and in culture (Mueller et al., 
1978). These large molecules must alter the osmotic 
equilibrium within the follicle and induce a flow of 
fluid from the surrounding tissues into the granulosa 
cell tissue. In Mueller's work the effect was dose 
dependent and the appearances in the ovaries of FSH 
treated hypophysectomized animals in the present 
experiments would support this.

The Graafian follicles produced in the ovaries of 
FSH treated hypophysectomized rats were not larger 
than medium sized antral follicles. In the lower 
dose experiments there was a tailing off in the 
proliferation of granulosa cells 48 hours after FSH 
administration and an occasional follicle showed 
early degenerative changes. With higher doses there 
was no evidence of cessation of growth at 48 hours. 
This would indicate either that the FSH had been 
"used up" at the lower dose range or that an 
insufficient number of FSH receptors had been formed. 
There was no evidence to allow a decision as to which 
of these possibilities was operating.

At no time was there any evidence of ovulation.
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According to Harrington and Elton (1969) and 
Harrington et al. (1970) FSH can cause ovulation if 
the follicles are at the proper stage of development. 
Aron et al. (1969) stated that pure FSH caused 
luteinization in follicles but Schwartz and Ely
(1970) while not disagreeing, found no evidence of 
ovulation. It may be that the maximum time of 
observation in the present experiments, 48 hours, was 
too short, Lostroh and Johnson (1966) found that 
ovulation could be produced in hypophysectomized rats 
by exogenous gonadotrophins after an interval of 2& 
days.

Ying and Greep (1971) using a combination of FSH and 
LH in an intact female rat, observed that follicles 
were ready to respond to exogenous gonadotrophins 
and to ovulate 24 and 48 hours ahead of schedule in 
four and five day cyclic rats if gonadotrophins were 
given on the second day of dioestrus. As stated 
previously, hypophysectomized animals were given a 
single injection of FSH alone, so it is probable that 
this dose of FSH was used to promote follicular growth 
and probably another dose of FSH or FSH and LH was 
needed to induce ovulation. It was not however the 
purpose of the experiments to induce ovulation but to 
study the effect of FSH on the existing corpora lutea.
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THE INFLUENCE OF LH ON THE OVARIAN STRUCTURE IN 
HYPOPHYSECTOMI ZED ADULT FEMALE RATS

There have been a number of studies, with conflicting 
results, on the action of LH on the ovaries. For 
instance, Lostroh and Johnson (1966) stated that pure 
LH had no effect on the ovary. Other observers noted 
considerable changes following the administration of 
LH. Much depends on the animal used in experiments 
and the condition of the ovaries at the time.

Many workers have used immature, intact or hypophy
sectomized animals. No doubt this was with the idea 
of reducing the number of variables in their 
experiments by eliminating the factor of cyclical 
activity in the ovaries, pituitary and hypothalamus. 
Fewer experiments have been carried out on adult 
animals. Another important factor in dealing with 
hypophysectomized adult animals is the timing of 
hypophysectomy and the interval between the operation 
and the beginning of experimentation.

As already stated, the animals in the present 
experiments were adult female rats hypophysectomized 
in the late oestrous phase and further experimentation 
was delayed for a period of seven days. At this stage 
the ovaries contained corpora lutea which were 
morphologically intact, but all follicles had 
disappeared or were advanced in atresia apart from 
small pre-antral types (Stages 1, 2 and 3). The
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interstitial tissue was fatty and inactive with 
nuclei showing clumping of chromatin.

The earliest change observed in the ovaries following 
the administration of LH was hyperaemia in and around 
the corpora lutea. This confirms the findings of 
Kupperman et al. (1948); Albert and Berkson (1951) 
and Wurtman (1964). McCracken et al. (1971) showed 
that LH increased the ovarian blood flow by 25-50% 
within 30 minutes. The changes noted in the present 
study were an increase in cytoplasmic RNA, the 
presence of lipid only in the form of fine globules 
and an apparent increase in 33 steroid dehydrogenase 
activity in the cells of the corpora lutea. All of 
these changes would suggest functional activity in 
the corpora lutea.

McDonald et al. (1966) administered LH to hypophysect
omized rats and found that the blood oestrogen 
increased considerably but only if the ovaries 
contained corpora lutea. If this occurred in the 
LH treated hypophysectomized animals in the present 
study, and the activity noted in the corpora lutea 
would suggest that it might have, it would be 
reasonable to expect some growth stimulation of the 
small primary follicles still remaining in the ovaries 
This was not found. Although there was no direct 
evidence of oestrogen production in these animals it 
is interesting to speculate on why follicular growth 
did not occur if oestrogen was present.
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Delforge et al. (1972) found that LH actually 
diminished mitotic activity in the granulosa layer. 
Louvet et al. (1975a and b), in a series of 
experiments with hypophysectomized rats, demonstrated 
that LH caused a fall in ovarian weight. In addition, 
if the animals were treated with oestrogen the 
stimulatory growth effect of oestrogen was abolished 
by LH. Histologically they were able to show that 
LH stimulated the interstitial tissue and the theca 
in these animals, but caused atresia of follicles. 
Previously Wallach and Noriega (1970) found that LH 
administered to animals with oestrogen implants 
increased the number of atretic follicles. The 
present experiments show that LH stimulates the 
interstitial tissue, reducing the intercellular 
lipid, increasing cytoplasmic RNA, inducing 3g steroid 
dehydrogenase activity and reversing the clumping of 
chromatin in nuclei. This agrees with the statements 
of Rennel (1951) and Ryle (1972). The interstitial 
cells were partially luteinized. These observations 
and those of the authors quoted are in line with the 
findings of Hillier et al. (1978) who demonstrated 
that granulosa cells of hypophysectomized rats 
possessed no receptors for LH, thus indicating that 
LH can only manifest its effects in tissues outside 
the basement membrane of the follicle, i.e., thecal 
and interstitial cells. Binding sites for LH were 
found in these tissues by Zeleznik et al. (1974).
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Previously many authors had claimed that interstitial 
cells were sensitive to gonadotrophins (Claesson et al., 
1954; Balboni, 1960; Savard et al., 1965; Armstrong, 
1968; Merker and Diaz Encinas, 1969; Guraya, 1971,
1973 and Carithers and Green, 1972). Marsh et al.
(1976) were able to show that LH increased steroid
ogenesis in rat interstitial tissue and subsequently 
Savard and Leymarie (1976); Armstrong and Dorrington
(1977) and Richards (1978) demonstrated that the 
steroids produced were mainly androgens.

From this type of evidence it has been adduced that 
the lack of stimulation by oestrogen and atresia of 
follicles following the administration of LH was due 
to the relatively large quantities of androgen 
produced by the interstitial tissue. Louvet et al. 
(1975a and b) found that if LH was administered to an 
oestrogen implanted hypophysectomized rat and an 
anti-androgen was subsequently given, the atretic 
effects of the LH were prevented, a finding 
subsequently substantiated by Hillier and Ross (1979).

In the experiments with LH in this series it can be 
postulated that while LH stimulated the corpora 
lutea to produce oestrogen, its action on the inter
stitial tissue was such that quantities of androgen 
were secreted sufficient to overcome the stimulatory 
effect of the oestrogen on the granulosa cells.

In these experiments it was noted that in some 
animals Graafian follicles were still present seven
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days after the operation of hypophysectomy. LH given 
to these animals resulted in stimulation of the 
interstitial cells and growth of the theca with some 
degree of luteinization of both. The granulosa cells 
of these follicles were uniformly degenerate. This 
would tend to support the above postulate.

If this suggestion is true then it follows that the 
appearance of luteinization in the interstitial 
tissues and theca is an indication of androgen 
production.
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THE COMBINED ACTION OF FSH AND IH ON THE OVARIAN 
STRUCTURE OF HYPOPHYSECTOMIZED ADULT RATS

This section is an extension of the experiments with 
LH and to some extent FSH. Follicle growth and 
luteinization can be induced by FSH plus LH and if 
the timing and dosage are correct ovulation will occur 
in hypophysectomized animals. According to Ying and 
Greep (1971) follicles almost ready for ovulation 
are present by the second day of the oestrous cycle 
in intact rats. In other words, it requires at least 
another two days from this stage for ovulation to 
occur. Lostroh and Johnson (1966) stated that it 
requires 2& days to produce ovulation by administration 
of gonadotrophins to hypophysectomized rats and futher 
that only a small amount of LH is required. It is not 
surprising therefore that in the present experiments 
where observation was deliberately limited to a 
maximum period of 48 hours, ovulation was not observed.

One of the most striking effects of the administration 
of FSH plus LH to the hypophysectomized animals in 
this series was the increase in size of the corpora 
lutea. These were obviously pre-existing and not new 
corpora lutea since the centres were occupied by quite 
dense fibrous tissue. There was a marked increase in 
vascularity and in other signs of activity - cytoplasmic 
RNA and 33 steroid dehydrogenase. The increase in the 
size of these bodies was much more than was observed
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with LH alone even in large doses and indeed in the 
latter instance the corpora lutea actually became 
smaller with the passage of time. This suggests that 
FSH was still exerting an influence on the corpora 
lutea either directly or indirectly, and to some 
extent would support the contention that FSH in 
itself has an influence on the corpus luteum.

The FSH-LH mixture resulted in follicular growth. 
Around the follicles there was a well defined thecal 
zone with swollen spindle cells containing plump 
nuclei even at the lowest dosage of LH. Fine lipid 
droplets, cytoplasmic RNA and 33 steroid dehydrogenase 
made their appearance in the thecal cells. Similar 
changes occurred in the interstitial cells. It was 
interesting to see that the interstitial cell changes 
shown at a combined dose level of 25 yg FSH and 25 yg 
LH were the same as those obtained with higher doses 
of LH alone. Again this would tend to confirm the 
impression in previous experiments that FSH by itself 
has a stimulatory effect on interstitial cells.

With the appearance of stimulated thecal cells the 
mitotic activity in the granulosa cells diminished. 
This became obvious when the dose of LH was raised 
to 50 yg. Further increase in the dose of LH caused 
full luteinization of the thecal and interstitial 
cells but degenerative changes occurred in the 
granulosa cells until a stage was reached where the



271

follicles were converted into atretic cysts surrounded 
by a thick zone of luteinized theca. These changes 
were reflected in the results of the follicle counts 
which confirmed the histological impression of an 
initial increase in the follicle growth followed by 
arrest of growth with higher doses of LH, Statistical 
analysis showed that the increase in the follicle 
numbers was significant. The changes were 
reminiscent of the histological changes noted in 
the polycystic ovarian syndrome in the human subject 
(Morris and Scully, 1958). It should be noted that in 
that syndrome FSH levels are generally normal or 
slightly low whereas LH values tend to be at a constant 
high level (Keettel et al., 1957; McArthur et al., 
1958b; Yen et al,, 1970 and Givens et al., 1974).

The degeneration and disappearance of the granulosa 
layer was directly related to the increase in the 
dose of LH. This subject has already been discussed 
in the previous section. It seems logical from all 
the observations made by various workers (already 
quoted) that the action of LH is to increase the 
secretion of androgens by thecal and interstitial 
tissue. It would appear that the androgen is in 
excess of the amount which can be dealt with by the 
granulosa cells. The stimulatory influence of 
oestrogen which is necessary for the continuing action 
of FSH and the maintenance of the granulosa cells is 
opposed by the excess androgen and granulosa growth
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ceases. At the same time there was a statistically 
significant increase in the uterine weight of these 
animals following the administration of FSH + LH 
indicating possibly that the level of circulating 
oestrogen had increased. There may therefore be a 
distinct difference between the circulating level of 
oestrogen and the intra-follicular level.

In view of the above certain questions must be posed 
regarding the high levels of gonadotrophins which 
are attained prior to ovulation. Why does the surge 
of LH at mid-cycle not result in atresia of follicles, 
particularly when it has been found that the level of 
blood oestrogen tends to fall at this time, and why 
is there an increase in FSH at the same time?

FSH appears to have several roles to play in relation 
to steroidogenesis. In the discussion of the 
initiation of follicle growth the observation of many 
workers was quoted which appeared to show that in the 
early stages of follicle growth androgen could be 
converted to oestrogen by a process of aromatization 
in the granulosa cells under the influence of FSH. 
(Dorrington et al., 1975 and Armstrong and Papkoff, 
1976). There is considerable evidence however to 
suggest that an equally important action of FSH is 
to stimulate the production of progesterone,
Armstrong and Dorrington (1976) carried out three 
sets of vitro experiments with granulosa cells 
from the follicles of immature rats. Incubation of
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the cells in a suitable substrate containing FSH 
resulted in the production of progesterone. Similar 
cells incubated with androgens but without FSH 
produced very small amounts of progesterone but if 
the cells were incubated with both FSH and androgens 
the production of progesterone was increased many 
times over. Lucky et al. (1977) cultured granulosa 
cells from hypophysectomized immature rats with 
testosterone and demonstrated the secretion of 
progesterone. Hillier et al. (1977) carried out a 
similar experiment but found that the addition of 
an anti-androgen prevented progesterone production. 
Similar observations of the action of FSH and 
androgens have been made with granulosa cells of 
mature follicles from intact rats (Nimrod and 
Lindner, 1976 and Schomberg et al., 1976).

On the other hand when LH is added to a granulosa 
cell culture in a suitable substrate no progesterone 
is produced. An additional point which can be made 
is that pure FSH alone will cause luteinization of 
the granulosa of large follicles but does not cause 
ovulation (Aron et al,, 1969).

The following hypothesis is put forward for 
consideration. During the period just before 
ovulation the theca produces large quantities of 
androgen under the influence of LH. If this were 
unopposed it would result in atresia of follicles. 
The coincidental surge of FSH stimulates the ability
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of granulosa cells to produce progesterone as well 
as intra-follicular oestrogen from the thecal 
androgens and thus avoids their anti-oestrogen 
atretic action. The FSH may also be responsible for 
initiating the luteinization of the granulosa cells.

If the arguments regarding the action of LH and 
androgens on follicular development are acceptable 
the progressive enlargement of the uterus and 
hyperplasia of endometrium with FSH plus LH have to 
be explained. This can only be explained on the 
basis of an increase of circulating oestrogens. It 
would seem reasonable therefore to postulate that 
there are two mechanisms of oestrogen production.
One is the oestrogen produced by the ovarian stroma, 
including theca and possibly interstitial cells 
which is responsible for maintaining the blood level. 
Two is the intra-follicular oestrogen produced by the 
interaction of theca and granulosa cells.
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APPENDIX I

Total Body Weight
Ovarian
Weight

Uterine
WeightExperiment At Start of 

Experiment
At
Sacrifice

INTACT RAT Rat 1 Rat 2 Rat 1 Rat 2 Bat 1 Rat 2 Rat 1 Rat 2

DAY 1:
1 hour 180 182 182 184 0.0582 0.0582 0.3822 0.3824
6 hours 182 182 182 184 0.0578 0.0584 0.3684 0.3926
12 hours 180 180 182 182 0.0584 0.0582 0.3728 0.3836
18 hours 184 182 186 182 0,0576 0.0584 0.3904 0.3782
24 hours 180 182 184 184 0.0584 0.0578 0.3698 0.3814

DAY 2:
1 hour 182 184 184 186 0.0486 0.0522 0.3862 0.3844
6 hours 180 186 182 186 0.0488 0.0498 0.3884 0.3926
12 hours 184 182 184 184 0.0502 0.0486 0.3928 0.4002
18 hours 182 180 184 184 0.0498 0.0496 0.3722 0.3668
24 hours 188 180 188 184 0.0504 0.0488 0.3928 0.3742

DAY 3:
1 hour 182 180 184 184 0.0428 0.0426 0.3684 0.3826
6 hours 180 182 182 184 0.0442 0,0422 0.3602 0.3622
12 hours 184 180 184 182 0.0426 0.0428 0.3742 0.3602
18 hours 180 184 182 186 0.0462 0.0482 0.3586 0.3724
24 hours 186 180 186 182 0.0446 0.0448 0.3662 0.3564

DAY 4:
1 hour 180 182 182 184 0.0486 0.0486 0.3864 0.3926
6 hours 180 180 184 182 0.0500 0.0488 0.3726 0.3848
12 hours 184 182 186 ■184 0.0490 0.0468 0.3922 0.3722
18 hours 182 180 186 184 0.0488 0.0492 0.3864 0.3894
24 hours 186 184 188 186 0.0498 0.0486 0.3688 0.3926

SHAM OPERATION Rat 1 Rat 2 Rat 1 Rat 2 Rat 1 Rat 2 Rat 1 Rat 2

DAY 1 182 180 174 166 0.0542 0.0582 0.3884 0.3674

DAY 2 182 182 174 174 0.0496 0.0486 0.3982 0.3872

DAY 3 186 182 172 174 0.0446 0.0406 0 .3966 0.3666

DAY 4 180 183 174 168 0.0494 j 0.0490 0.3882 0.3886

Total body weight, ovarian weight and uterine weight of 
Intact and Sham Operation rats (Day 1 - 4 )



295

APPENDIX II

Experiment
Total Body Weight

Ovarian
Weight

Uterine
WeightAt Start of 

Experiment
At
Sacrifice

HYPOX. CONTROL Rat 1 Rat 2 Rat 1 Rat 2 Rat 1 Rat 2 Rat 1 Rat 2

DAY 1; 1 hour 184 182 170 168 0.0542 0.0560 0.3384 0.3380
6 hours 182 180 168 166 0,0568 0.0558 0.3360 0.3364
12 hours 186 180 172 168 0.0580 0.0546 0.3362 0.3380
18 hours 182 180 168 166 0.0524 0.0522 0.3362 0.3286
24 hours 186 182 172 168 0.0492 0.0500 0.3284 0.3286

DAY 2: 30 hours 188 184 175 170 0.0402 0.0428 0.3270 0.3274
36 hours 180 182 166 166 0.0422 0.0442 0 .3260 0.3286
42 hours 180 182 166 164 0.0440 0.0442 0.3088 0.3324
48 hours 182 180 168 166 0.0394 0.0392 0.3224 0.3194

DAY 3: 54 hours 188 182 172 168 0.0408 0.0400 0.3289 0.3289
60 hours 192 184 176 170 0.0388 0.0402 0.3264 0.3220
66 hours 190 180 172 166 0.0398 0.0334 0.3302 0.3214
72 hours 180 184 166 170 0.0402 0.0398 0.3104 0.3200

DAY 4: 78 hours 182 180 168 166 0.0386 0.0384 0.3168 0.3188
84 hours 186 184 172 170 0.0378 0.0390 0.3140 0.3124
90 hours 182 188 168 172 0.0394 0.0386 0.3008 0.3278
96 hours 184 184 170 172 0.0386 0.0398 0.3102 0.3094

DAY 5 182 182 168 172 0.0362 0.0360 0.3089 0.3089
6 182 180 170 168 0.0350 0.0342 0.3042 0.3006
7 180 186 166 170 0.0302 0 .0302 0.2970 0.2974
8 184 180 170 166 0.0297 0.0301 0.2700 0.2744

DAY 9 186 182 172 168 0.0290 0.0288 0.2684 0.2744
10 184 180 170 168 0.0292 0.0292 0.2502 0.2502
11 185 186 172 170 0.0286 0.0296 0.2468 0.2504
12 184 182 170 168 0.0288 0.0286 0.2264 0.2260

DAY 13 186 184 172 166 0.0286 0.0278 0.2286 0.2362
14 184 182 170 168 0.0274 0.0270 0.2232 0.2250
15 180 182 170 174 0.0292 0.0266 0.2196 0.2284
16 186 186 170 172 0.0260 0.0264 0.2221 0.2211

DAY 17 188 186 170 166 0.0266 0.0274 0.2400 0.2342
18 190 180 168 164 0.0266 0.0268 0.2300 0.2304
19 180 182 170 170 0.0248 0.0256 0.2260 0.2246
20 180 180 176 166 0.0210 0.0218 0.2160 0.2189

DAY 21 182 186 172 172 0.0226 0.0214 0.2028 0.2000
22 178 186 174 172 0.0218 0.0218 0.2028 0.2028
23 184 180 172 174 0.0222 0.0262 0.2104 0.2000
24 180 182 172 174 0.0222 0.0220 0.2006 0.2018

DAY 25 180 184 176 170 0.0216 0.0224 0.2102 0 .2008
26 182 180 178 172 0.0210 0.0230 0.1990 0.1988
27 184 182 172 178 0.0200 0.0232 0.2002 0.2108
28 182 180 176 176 0.0219 0.0219 0.2002 0.2036

Total body weight, ovarian weight and uterine weight of 
hypophysectomized controls (Day 1 - 28)
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APPENDIX III

Ovarian Weight Uterine Weight
Experiment

Rat 1 Rat 2 Rat 1 Rat 2

Hypophysectomized Rat 
+ 25 Ug FSH

1 hour 0.0302 0.0300 0.3020 0.3060
6 hours 0.0310 0.0318 0.3022 0.3020
12 hours 0.0360 0,0346 0.3009 0.3019
24 hours 0.0350 0.0354 0.3084 0.3192
48 hours 0.0350 0.0350 0.3042 0.3046

Hypophysectomized Rat 
+ 50 yg FSH

1 hour 0.0302 0.0302 0.3038 0.3020
6 hours 0.0350 0.0355 0.3096 0.3104
12 hours 0.0402 0.0402 0.3124 0.3100
24 hours 0.0416 0.0420 0.3100 0.3188
48 hours 0.0420 0.0422 0.3210 0.3186

Hypophysectomized Rat 
+ 75 yg FSH

1 hour 0.0302 0.0306 0.3042 0.3046
6 hours 0.0368 0.0368 0.3050 0.3066
12 hours 0.0418 0.0436 0.3064 0.3072
24 hours 0.0432 0.0436 0.3168 0.3168
48 hours 0.0434 0.0430 0.3260 0.3264

Hypophysectomized Rat 
+100 yg FSH

1 hour 0.0321 0.0325 0.3024 0.3072
6 hours 0.0364 0.0376 0.3050 0.3062
12 hours 0.0421 0.0423 0.3084 0.3080
24 hours 0.0436 0.0436 0.3186 0.3186
48 hours 0.0432 0.0434 0.3200 0.3206

Effect of FSH, B-1 on the Ovarian and Uterine weights of 
the hypophysectomized rat.
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APPENDIX IV

Experiment
Ovarian Weight Uterine Weight

Rat 1 Rat 2 Rat 1 Rat 2

Hypophysectomized Rat 
+ 25 yg LH

1 hour 
6 hours 
12 hours 
24 hours 
48 hours

0.0304
0.0316
0.0321
0.0322
0.0311

0.0300
0.0318
0.0342
0.0324
0.0312

0.2970
0.2880
0.3000
0.2840
0.2930

0.2974
0.2884
0.3004
0.2848
0.2966

Hypophysectomized Rat 
+ 50 yg LH

1 hour 
6 hours 
12 hours 
24 hours 
48 hours

0.0312 
0.0320 
0.0338 
0.0344 
0.0340

0.0312
0.0326
0.0338
0.0346
0.0340

0.2880
0.2904
0.2848
0.2862
0.2920

0.2880
0.2900
0.2834
0.2862
0.2922

Hypophysectomized Rat 
+ 75 yg LH

1 hour 
* 6 hours 
12 hours 
24 hours 
48 hours

0.0310
0.0358
0.0340
0.0354
0.0352

0.0314
0.0358
0.0349
0.0358
0,0346

0.2860 
0.2886 
0.2890 
0 .2900 
0.2904

0.2860 
0.2886 
0.2892 
0 .2900 
0.2894

Hypophysectomized Rat 
+ 100 yg LH

1 hour 
6 hours 
12 hours 
24 hours 
48 hours

0.0316
0.0338
0.0368
0.0352
0.0350

0.0318
0.0338
0.0360
0.0354
0.0344

0.2880
0.2886
0.2890
0.2900
0.2900

0.2884
0.2880
0.2894
0.2900
0.2912

Effect of LH (IRC, 24.6.69) on the Ovarian and Uterine weights of
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APPENDIX V

Experiment
Ovarian Weight Uterine Weight

Rat 1 Rat 2 Rat 1 Rat 2

Hypophysectomized Rat 
+ 25 ug FSH + 25 yg LH 

1 hour 
6 hours 
12 hours 
24 hours 
48 hours

0.0302
0.0345
0.0388
0.0410
0.0408

0.0306
0.0349
0.0388
0.0414
0.0400

0.2972 
0.3084 
0.3488 
0.4577 
0.4588

0.2972
0.3088
0.3482
0.4577
0.4580

Hypophysectomized Rat 
+ 25 y g  FSH + 50 U g  LH 

1 hour 
6 hours 
12 hours 
24 hours 
48 hours

0.0304 
0.0380 
0.0460 
0.0460 
0.0400

0.0304
0.0388
0.0466
0.0460
0.0416

0.2880 
0.3020 
0.3910 
0.4680 
0.5180

0.2884
0.3360
0.3926
0.4682
0.5192

Hypophysectomized Rat 
+ 25 yg FSH + 75 yg LH 

1 hour 
6 hours 

12 hours 
24 hours 
48 hours

0.0306 
0.0440 
0.0462 
0.0464 
0.0430

0.0306 
0.0444 
0.0466 
0.0464 
0.0440

0.2890
0.3026
0.3988
0.4824
0.5352

0.2898 
0.3026 
0.3994 
0.4846 
0.5292

Hypophysectomized Rat 
+ 25 yg FSH + 100 yg LH 

1 hour 
6 hours 

12 hours 
24 hours 
48 hours

0.0304 
0.0488 
0.0512 
0.0510 
0.0484

0.0308 
0.0486 
0.0518 
0.0524 
0.0488

0.2884 
0.3112 
0.4078 
0.4922 
0.5480

0.2884
0.3116
0.4082
0.4926
0.5468

Effect of 25 yig FSH, B-1 + varying doses of LH (IRC, 24.6.69) on the 
Ovarian and Uterine weights of the hypophysectomized rat
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