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G NTRODUCTION.

The possible existence of an extra-ovarian factor
capable of regulating ovarian activity was vostulated by
Heape in 1897. Foa (1901) observed rapid follicular growth
and development in immature ovaries when graflted into adult
animals, As early ss 1912, Aschner (1912) was able to de=-
monstrate atrophic chenges in the genital organs of dogs
following hypophysectomy. Inlergement of the ovaries and
formation of numerous corpora lutea in normal rats treated
with pituitary extraocts were reported by Evana and his
colleagues during the early 1920's (uvans, 1924). Later
:hege investigators showed that the gonad-stimulating and
growth promoting factors in pituitary extracts were

different chemical entities (ivans et al., 1933). At about

the same time Smith (1920), Zondek and Aschheim (1927) and
others, demonsirated that pituitary extracts or implants
are capable of influencing the gonads. Subsequently it was
found that the administration of pituitary gonad-stimu=-
lating extrsctas produced two distinet types of gonadal
reactions (a) the stimulation of follicular growth in the
ovaries and of spermatogenesis in the testis, and (b) matur-
ation of the ovarian follicles with subsequent ovulation
and formation of corpora lutea in the ovarys and the
assumption of an active secretory role by the interstitial
tissue to secrete andvegienic hormones in the testis. The

5rd International Conference on the tandardisation of



Hormones, held in Geneva in 19%9, decided to adopt the term
"gonadotrophin® for the various gonad-stimulating principles.
In 1931 Fevold, liisaw and Leonard sepsarated p;tuitaxy
extracts into two components which exhibited different types
of hormonal activity, a finding which was subgequently cone
firmed by other laboratories. 'hese hormonez have been
designated ns the Follicle Stimula bl Hormone (#sH) or
thylakentria and interstitial cell stimulating or
Lutcinizing dormone (1CSH, LE) or metazkentrin, Techuiques
invelving fractional precipitation with orgenic solvents
and inorganic selts combined with pH adjusbment have shown
that pituitary exiracts from siecp and swine contain two
gouadoirophin principles (i'evold et ale, 19313 Van Uyke
and Jallen-Lawrence, 19353 bzies et ale., 19343 Jensen
et al., 19393 Shedloveky M., 19403 1 cshan gt al.,
1954)e Dbiological and chemical purification of a degree
sul{icient to dutermine the physicochenmical properties of
these two substances have been claimeds A luteinizing
hormene preparation of suflicient purity has been obtained,
wihich when administered to hypophysectomised immature female
rateg hed little effect on the covearian follicles, but which
produced interstitial cell repair in ithese animals, FSH
preparniions of & high degree of purity have wveen claimed
to cause enlar ement of lhe ovarian follicles without eige

nificant effect on the interstitial cells,



Techniques involving differeantisl precipitation by
salt solutions and by organic solvents and isoelectiric pre=-
cipitation vwere used to purify FSH from crude pitultary
powder., HRecently ion exchange resins and mclecular sieve
chrone tography have been utilized for this purposes
Diethylamincethyl (DEAL) eellulvee column chromstography
rave been used by MeShen et al. (1954), Ellis (1998),
Jteelman and “egalofi (1959) and Woods and Jimpson (1960).
tievertheless even at the present time, the moat highly puri-
fied preparations of 34 and LH do not fulfil all the
criteria of biologicsnl and chemical purity when tested by
bicassay and by physicochemical techuigues,

teotrophine

Tris principle is believed to be responsible for the
paintenance of structural snd functional integrity of the
formed corpora lutes, end for the secretion of progestercne
by the ovaries (Astwood, 19413 19533 Lvans et al., 1941).
A specific sssay method for the determination of LH activity
depending upon the depletion of ovarian ascorbie soid in
intact imvature pseudopreguant rate was described by
Parlow (1958, 1961)s It bas recently been shown by
Guillemin and Sekiz (1963) that the ascorbic acid depletion
regponse to LH in the pseudopregnant ret ovaries cannot be
obiained if the animals are hypophysectomised, The altered

response to LH following hypophysectomy can be corrected
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by the administration of prolactin shortly before the
hy.ophysectomy operation (Guillemin and Sakiz, 1963). These
findings suggest that prolactin hes got a certain modifying
influence on the gonadotrophic effects produced by LH.
Chorionic Gonadotropiin.

In 1927 a goned-stimulating substance, present in come
peratively large amounts in the blood and urine of pregneant
womern, and capable of producing ovarian follicular matur-
ation, luteinization and haemorrhage into the ovarian stroma
in immature female mice was demonstrated by Aschheim and
Zondek (1927)s Following this important discovery there
was much speculation regarding the source of this material,
Aschheim and Zondek (1927) put forward in their origiual
view that the gonsdotrophic factor wes derived from the
pituitary. Subsequently it became apparent that, like the
adenohypophysis, the chorionic tissue also was capable of
elaborating gonadotrophic substancess A number of convineing
pieces of experimental evidence have been presented since
then to demonstirate that the large amcunt of the gonado=-
trophic principle present in the body of the pregnant women
comes from the chorionic tissue and not from the pituitary
(ingle, 19293 rhilipp, 19303 Collip, 1930, 1934, 19353
Collip et al,, 19333 Hamburger, 1933; Deanesly, 1935).
Production of gonadestimulating material in viiro was shown
to take place in plecental tissue culture (Sannicrndro,

19343 Gey et ale.y 19383 Jones and Bucher, 19433 Jones
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et el., 19433 ctewert et al., 1948). Histochemical studies
by a number of workers (Wialocki and Hennett, 1943;
Zilliacus, 1953) and intraocular transplantation experiments
(Kido, 19373 Stewart, 1951) confirmed the placental pro-
duction of the gonadotrophic substance. Since the adoption
by the League of lations of the term “"gonadotrophin" for
various gonad=stimulating nateriale, hunan plecental gonado=
trophin is generally designated as liwnan Chorionic Gonado=
trophin (HCG). Purified preparations of HCG have been made
by Gurin et al. (1939, 1940), Katamen gt al. (1943), Claesson

et al. (1948) and Landgrebe et al, (1954). Human chorioniec

gonadotrophin has been cbtained in a highly purified form

by Bourrillon and his colleagues (Bourrillon.ggjgr, 195?,

1959, 1960, 1960a.)s Morris (1955) claimed to have pre=

pared HCG of remarkably high specific activity of 12,000

i.u./mg. The active hormone is thought to be glycoprotein

in nature, which contains galactose as its carbohydrate

moiety (Gurin, 1942).

Human Urin Gonadotrophing (HFG) lon=-pre 1 _Sources,
Relatively small amcunts of gonadetrophic material have

been found to be present in human urine from normel adult

male and from nonepregnant fumale subjectss A very small

amount of urinary gonadotrophin is believed tu be present in

the uriie of young children of both sexes, It has been

generally assumed that the gonadotrophic material excreted



in the urine of non=-pregnant human subjects is derived

from the pituitary. Crude concentrated extracts of urinary
gonadotrophin ghow beoth ¥SH and LH activity in varying pro-
portions. The variation in the ratio of FSHiLH activity in
different urinary gonadotrophin preparations may be due %o
the difference between the various extraction procecdures
employed for the purpose, Although gonadotrophic material,
possessing certain biolcgical resemblance to HCG is seoreted
gometimes in considerable amounts by certain embryonic neo=
plaatic tumours, the pituitary gland is believed to be the
only source of pgonadotrophin production in normal none
pregnant human subjects, Human urinsry gonadotrophin is
generally referred to as HPG (human pituitary gonadotrophin).
it prescnt there is considerable difference of opinion ree
garding the biological and chemical characteristice of HPG.
Whether the F3H and LH activities of HPG are present in the
game hormonal molecule or whether they asre bidogically as
well as chemically separate entities is not yet known with
certainty.

It is interesting to note that in spite of the existing
controversy about the differential F3H and LH activity in
hunan urinary gonadotrophins, up till now no clinical
situation is known in which assaye carried out by an LH
specific method or by an PSH speeific wmethod or by both

give different results ifrom those carried out by general



gonadotrophic procedures (Diczfalusy, 19613 Heller, 1961j
Segaloff, 19613 Albert, 19613 Lunenfeld, 1961).

There is 8 W.H.0s accepted internntional reference
preparation (I.ReP.) of humas urinary gonadotrophin (HMG-24)
prepared from pooled postmenopausal urine (HNG)e The HMG
preparation originally prepared by Donini et al. (1952)
and commonly known as Pergonsl has beenaproved to become
the new interaational standard, Before the k(=24 became
the international reference preparation, ancther human neno=
pausal gonadotrophin (HMG) extract, known as HMG-20A, was
used beiween the years 1954=1957 as an unofficial reference
preparation. HIiG=24 and HNG-20A are equipotent.
Purification of Pituitery L,

Zarlier investigations on the purification and charac-
terization of pituitary LH, reported during the years 1940-
1942, yielded highly active products from sheep (Li.gg_gi,,
1940, 1940a., 1942) and swine (Chow et al., 19423 Shedlovsky
et al., 1942) pituitary glands, The preparations appeared
to be homogeneous according to the physical and biological
criteria of purity then available. “hen subjected to
electrophoretic, ultracentrifugation and solubility tests
they were shown to behave as homogeneous proteins. Gheep
LH was found to have a molecular weight of 40,000 and an
isoelectric pH of 4.6. The hormone was insoluble in 66%

acetone and contained manncse, galactose, galactosamine and



glucosamine in its molecule, OSwine LH on the other hand
was claimed to have a molecular weight of 100,000 and an
isoelectric pH of T«45. The latter was also found to be
insoluble in 66% acetone and contained carbohydrate in its
molecules

The importance of the early ovine and procine pree-
parations is attested by the fact that wost of what is
known of the biclojical action of LH was learned from the
studies involving the use of these early preparations, It
is therefore probably fair to state that due to the lack
of a practical method for obtaining the hormone in a state
of purity that would satisfy modern criteria, the biological
properties attributed to these materials were in fact
obtained from experiments using insufiiciently pure pre=-
paratione of LH. The:¢ materials were contaminated with
other biologically active principles like thyrotrophin and
FSHe Comparatively recently Li and his associates (Squire
and Li, 1958, 1959), Ellis (1958) and Leonora et al. (1958)
have described new methods for the purification of LH from
sheep pituitary glands. During the courge of this pro=-
cedure Squire and Li (1959) were able to obtain & highly
active concentrate of LH by a methad involving fraction-
ation with alcohol, ammonium sulphate and sulphosalicylate.
wo active fractions were obtained by subsequent puri-

fication by chrometography on a resin column. The yield



at this point of purificestion was found to be 30 times
greater than that reported previously, and the products
showed higher LH activity, although neither fraction was
electrophoretically pure. Further purification by mecans

of zone electrophoresis on starch and by additional chroma-
tozraphic steps enabled these workers to obtain LH of a
high degree of homogenity as indicated by sedimentation
enalysis and chromatography on lIEC-5U resin., The isoelectric
point of this very highly purified LH preparation was
estimated to be near pH Te3. The molecular weight calcu=
lated from sedimentation and diffusion data and from assumed
partial specific volume of 0.73 was 30,000, UNo contami=-
nation of this LH preparation with other pituitary hormones
wag indicated by biological assays designed to detect such
contamination at the level of 0.1 per cents A total dose
of Ce5 pg of this LH material was found to produce a sige-
nificant increase in the weight of the ventral prostate

of young hypophysectomised rats.

At present there is no international standard or

reference preparation for human or animal pituitary LH,.

he highly rurified ovine pituitary LH prepared by the
Hational Institute of lealth, Bethesda, Maryland, U. .A,
(NIHN-LH) is widely used as a rsference and standard pree

peration.
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dot ¢ Substances indome trial T B

At one time discussion centred about the question
whether or not decidual cells mssumed endoorine functions.
Hattan-Laurrier (1900) was among the first to regard them
as somehow concerned in the elaboration of an internal
secretion. Ancel and Bouin (1911) from a study of the
changes occurring in the marmary glends of pregnant rabbits,
concluded that the glandular development which takes place
in the last part of pregnancy is caused by the cells of the
"myonetrial gland", Hammond (1917) oceasionally found
these cells in the rabbit's uterus, but he considexed that
their occurrence was too irregulsr and uncertain to have
the im ortant endoerine f{unctions attributed tc thems This
is also the conclusion of Mossman (195?) who atates that
"one is absolutely unjustified, from anything yet known of
their cytology, in making assumptions of endocrine functicns
for them". However, observations have been made in favour
of the conclusion that the deciduz mey be concerned in the
secretory process of the placentas An intercsting example
of this is seen in the development of the so=called
"endometrial cups" in the uterus of the pregnant mare, The
endometriel cups are specialised structures to which one
can attribute special secretory activity, and in which a
decidual transformation of the interglandular tissue heas

been described by a number of workers (Cole and Goss, 1943
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Amorogo, 19453 khowlands, 1947), all of whom believe that

they have traced to these cups an important source of

equine gonadotrophin,

Zondek (1930) and Cole and Hart (1930) independently
discovered the presence of a potent gonadotrophic material
in the serum of pregnant mares, FPregnent mares serun
gonadotrophin (PHSG) or otherwige known as egquine gonado-
trophin have been cbtained in very highly purified form
(12,000 1.u./mg) by Rimington and ‘owlands (1941). It has
been cobserved that even the most highly purified prepara-
tiong of /lSG exhibit both follicle-stimulating and

luteinizing properties. Cole et al. (1940) postulated that

both these activities of the hormone mosti likely resided in
the sane molecule. The erroneous concept ithat the gonado=
trophic material present in the serum of pregnant mares is
not excreted in the urine of these animals has been so
prevalent (Albert, 1961) that the term "serum gonadotrophin®
hag been widely used to mean this particular gonadotrophic
substance., Zondek (193la.) and recently Schmidt-Llmendorff,
Loraine, Bell and Walley (1962) have demonstirated the
presence of this material in the serum as well ss in the
urine of pregnani mares.

vurification of Pitudltary #SH.

Al though relatively purified preparvations of FSH have
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been obtained this hormone has not yet been purified to
the extent comparable to highly purified LH preparations.
Like LH sheep pituitary FSE is also believed to be a
glycoprotein with a molecular weight of 70,000 and an
isoelectric pH of 4+5. The correspon@ing values for pig
FSH are comparable. iecently, methods have been devised
for preparation of bovine and ovine LH which have a high
specific activity as well as relative freedom from FSH and
thyrotrophin (7SH) the major hormonal contaminants of LH
(keichert, 19623 Heichert and Pariow, 1963), The impore-
tant problem of freeing FSH preparations from théir
principal aand most tenacious hormonal contaminant, LH, has
proved to be more difficulte This separation is usually
regarded as critical because of the well=known augmenting
effect of smaell amounts of LH on the biological activity of
"SH (Greep et al., 19423 Simpson, 1961)s Host of the
previous efforts te purify FSH have emphasized the impore
tance of attaining a high degree of srecifio sctivitys. The
problem of reducing the degree of LH contamination of FSH
did not receive much attention until very recuntly (Hteichert
and Parlow, 1963).

Bllis (1958) employed Diethylaminocethyl cellulose
(DEAE-C) and zone electrophoresis to produce ovine FSH
whichi was 30 to 40 times more potent than the Armour

Standard PSH (264-151X), or approximately 11 to 14 times
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more potent than NIH-FSH-S1l, The LH activity of this pre-
paration was 0,0075 times that of Armour Standard LH
227=80, Armour Standard LH 227=80 and NIH-LH-31 are cqu;l
in LH potency (Parlow, 1961),

Woo'a and Simpson (1960) have deseribed purification
of ovine FSH using DEAE-Cellulose. The resulting pree
paration, fraction iV;19F, is 32 times as potent as NIl-F3SH-351,
and eccording to tﬁeir report, has an FHS:LH retio which is
improved above any previocusly reported for preparations
from sheep pituitary glands,

Heichert and Parlow (1963) prepared an ovine I'Si pre-
paration which was approximately l.4 times more potent
than NIH-P3H=51l. Although the specific activity of thie
last named preparation is less than that of either Ellis's
(1958) or Woods and Simpson's (1960), its LH contamination
is less then any PSH preparstion purified so far. The LH
activity of leichert and Parlow's FSH (FSH-2) has been
claimed 0.,00010 times that of NIHeLl=3l, It is evident
therefore that unlike that of LH the problem of purify;ng
F3H while retaining both its biclogical and chemical pro=-
perties to a proportionate dagrwe-haa not been achieved so
far,

At present the:re is no interantionally accepted standard
or reference preparation for human or animel pituiltary FSi,
The relatively purified ovine pituitary FSE prepared by the

liational Institute of Health, Bethesda, Haryland, U.S5.A.
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(NIH-PSE) is used in many lsboratories as a reference and

standerd preparation of pituitary FSH.
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The methods of determination of gonadotrophic hormones
leave much to be desired at presents This is particularly
applicable in connection with the routine work of the
clinical laboratory. Many of the methods at present used
for cliniecal application suffer from one or other of the
defects mssocisted with the reliability and practicability
of the assay methods.

Until very recently the biocasszays have been the only
methods used for assaying gonadotrophic hormones in human
body ifluids., Very recently attemptsmve been made to use
quantitative immunological techniques for the determination
of these hormones.

Bioassays are in generasl believed to be less reliable
than chemical methods. Compared to the chemical methods
the reliability ecriteria of most bioassays, with respect
to their sccuracy, precision and probably gpecificity, are
generally inferior. Probably the only advantage of certain
biocassays over the chemical assays is their remarkable
gensitivity. Butenandt (1955) reported a bicassay procedure

2 ug&_ of the

for Bambyx ectohormone in which less than 10
material was found to produce a significant and specific
biclogical remponse,

Hon-fpecific Aseay Methods,

Certain widely used bicassay vrocedures for measuring
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gonedotrophic activity are often classified as "non-specific"
because these methods are claimed to be unable to measure
FSh or LH activity specifically (La;aina, 1958)e The
gonadotrophic sctivity claimed to be measured by these
methods has come to be generally known as "total gonado=
trophic activity". Host of the users of these methods
agree to the point that "total gonadotrophic activity" does
not mean the algebric summation of FSH and LH activity.
Uniortunately the very common usage of this undefined
terminology has created grest confusion amongst clinicians
not speclally familiar with 'the intricacies of the bioassey
proceduress. However some authorities still hold the view
that the pituitary gonadotrophic hormonal activity (PSH and
LH sctivity) is mediated by & single hormonal entity
(Nalbandov, 1961). Nalbandov (1961) is of the opinion that
the pituitary gland never secretes or releases either FSH
or LH to the exclusion of the other, and that the study of
the end=-organ effect of these two activities separately
uging highly purified preparation is tantamount to studying
a series of artifacts produced by F3l alone or LH alone
which have no counterpart in the normal reproductive per-
formance of animals. In support of this unitarian concept
of the two pituitary gonadotrophins up till now no clinical
condition ie known in which the ratios of excreted FHSH and

Ll activities have, with reasccable accuracy been shown to
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differ significently (Diezfalusy, 19613 Heller, 1961;
Segaloff, 19613 Albert, 1961). It is very clear that if
the unitarien view is true the alleged non-specificity of
these assay methods carries no real significn.nce, and the
term "total gonadotrophic activity" becomes obviocusly
meaningful.

Increase in the weight of the uterus of intact imrature
mice commonly known as the "mouse uterus test" (Klinefelter
et al., 1943) is probably the most widely ugsed bioassay
procedure performed in eclinical investigations. Apart
from its disputed specificity, this classical bioassay pro-
cedure with ite high stendard of reliability and practice
ability is probably still the moat satisfactory method
described so fare The clinical usefulness of this admir-
able bioassay is not likely to be properly asprecinted until
either the biological entity of the gonadotrophic hormone
is clearly established or the apparently erratic behaviour
of the mouse uterine response to different mixtures of PSi
and LH (Brown and Billiwioz, 19623 Riley, 1961) is finally
pettled, An atlempt has been made in Section 3 of thie
thesis to investigate the behaviour of the "mouse uterus
test" in response to different gonadotrophin mixtures.
Loraine and Brown (19%6) demonstrated that satisfactory
reproducible assays can be obtained from human urinary

gonadotropghin extracts using the "mouse uterus test” as
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the method of bioassay and purified postmenopausal urinary
gonadotrophin extiract as a standard.

Albert and his associstes (Albert et al., 19583 Albert
et al., 19585 Albert and Kelly, 1958; Albert and Kelly,
19583 Albert, 1961) used the increasing weight response
of the uterus =and the ovaries taken together as & measure
of genadotrophic activity from various sources. “hese
workers also demonstrated that the dose-response patterns
of the uterine and ovarian responses when plotted together
were ¢/ racteriotic for the gonadolrophic materials used.

It seems that as an assay method there is no apparent
advantage of the rat uterine weir ht test over the mouse
uterine weight method. The former test is less sensitive
than the latter., Being bigger mnimals, the incidence of
lethal toxicity is less commonly encountered when using
rate instead of mice, This apparent advantage however does
not exclude the poseibility of sublethal toxicity of
sufficient degree to interfere with the sensitive biological
reactions involved in the qualitative and guantimtive
responge pattern of the entire bioassay procedure. Charac-
terisation of the biological properties of variocus gonado-
trophic substances by their ovarian and uterine response
patterns plotted together (the "finger print system") as
advocated by Albert and his colleagues, appears to have

very little specific, quantitative or elinical significance
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because of three main reasonst (a) both the rat ovarian
and the rat uterine responses to gonadotrophin are sensitive
to either of the pituitary hormones (PSH and LH) and as such
either or both of them taken together caunot be used for
measuring one by exclusion of the otherj (b) the charace
teristic differences nouted between the various gonadotrophins
are at the moat roughly gualitative rather than quantitative
as revealed by the qualitative similariiy of dose response
patterns of PM3C and 33 (c) to obtein the full range of
the dose response patterns (particularly of the ovary),
which is necessary for characterisation, very high dose
levels of this hormone, much higher than the normal wues
clinically encountered, will have to be used.

The total amount of active gonadotrophic material
usually obtainable from clinical sources is quite small,
very often just sufficient for the performance of the more
gensitive "mouse uterus test". Heunce the relative insensi-
tivity of the method permitting comparatively smaller numbers
oflanimals which can be used per group for the individual
bioassays, increases the poseibility of a larger proportion
of statistically invalid or less reliable bioassays.
Speeific Assay Methods for FS! and ILH,

It is generally assumed that any specific bioassay
method for pituitary hormones must employ hypophysectomised

animals to obviate the possibility of interference by the



hormones produced by the animal's own pituitary (endogenous
hormone), Intact prepubertal animals however have been
used widely for bioassay of gonadoirophina with the
assumption that pituitaries of these animals are likely to
secrete very little if any amount of gonadoirophic hormones.
Intact animels, treated with specific pituitary inhibiting
agents to bloek chg secretion of & particular hormone have
been used for s similar purpose., It is generally believed
that lhe hormone elaborated by the end-organ in response to
its specific trophic hormone from the pituitary gland, has
the property of inhibiting the secretion of the trophic
hormone from the pituitary itself,s This auto-regulating
process, the soe-called feed-bac: umechanism produced experie
mentelly has been utilized to inhibit the pituitary from
gcoreting a perticular trophiec hormone. Cortisone-trecated
intact animales instead of hypophysectomised animsls have
been successfully used for the bioassay of adrenccortico-
trophic hormone (Buttle and Hodges, 1953). It is possible
that certain pretreatment procedures employed before the
animals are used for the assay by themselves stimulate the
secretion of end=orgen hormones in sufficient quantity to
intibit the pituitary. The pretreatment of assay animals
with larse doses of I'M3G and HCG which is used for Farlow's
ovarian ascorbic acid de letion assay (vids infrs) may cause

iniibition of gonadoirophic function of the animal's own
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pituitary due to the production of lerge amounts of
ocegtrogens from their ovaries,

An added advantage of using intact pre-pubertal
enimals for bioassay of gonadotrophic hormones in particular
is that unlike other hormones of the pituitary the gonado=-
trophic hormone present in the pre-pubertal animals
pituitaries are known to be extremely small, Whether any
amount of this extremely small store of gonsdotrophic
hormone present in the pituitary of the intact immature
animals is ever released in the peripheral blood is not
knowne
Bioas Ulaimed to be Speecific fo .

In general specific methods for measuring PSH activity
have depended on observation of the gonads of hypophy=-
mectomised mele and female rats. .svans et al. (19.7)
described a technique dependent upon the follicular growth
in hypophysectomised immature femnle rats., This method is
usually regarded as highly specific for FSHe, The criteria
for reliability and practicability of this assay method are
not very satisfactory. Paesi et al. (1951) desoribed a test
based upon the increase in testicular weight in hypophy=-
sectomised immature rats treated with an excess of HCG.
Diczfalusy (1953%) used this method for measuring the FSH
content of placental extracts. .erlier, Simpson et al.

(1944) had shown that both Fiu and LH are capable of causing
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testicular growth in hypophysectomised rats. In view of
its low degree of practicability and its questionable
apecificity Paesi's assay method does not seem to be very
satisfactory for specifio measurement of FSH,

Steelman end Pohley (1953) described a method depending
on the inerease in ovarian weight in intact immature
femcle rate treated with relatively large amounts of HCG.
Brown (1955) employed intact immature mice in a comparable
manner. Despite certain valid objections regarding the
pimul taneous use of & large amount of [iCG, Steelman and
Pohley's (1953) and Brown's (1955) assay methods seem to
be the most satisfectory available so far., This method
comzonly known as the "augmentalion assay" has been very
widely used to measure the FSH content of various gonado=
trophins. Apart from its relative insensitivity, the
criteria for reliability and practicability of the assay
method m~re satisfactory for routine application.

3 Methods S £ or LH,

As in the cass of FPSHE most assays for LH have been con=
ducted on hypophysectomised animals. Evans et al. (1939)
employed the repair of the intergtitial tissue in the ovaries
of hypophysectomised imuature female rats as a specific
paramcter of LH activity. OCreep, Van Dyke and Chow (1942)
designed an asssy method for LH depeading upon the enlarge-

ment of the prostate in hypophysectonised im:ature male rats.
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This method has been widely used as a specific assay pro=-
cedure for measuring LH activity (Simpson gt al., 19433
Kehvthur, 19523 Loraine and Brown, 1954, 1956). Loraine
and Brown (1954) ugsed the weight of the ventral prostate
rather than taking the whole organ into account. The index
of precision was shown to be usually less than 0.2 by these
workers. MeArthur (1952) and Loraire and Brown (1954) used
the enlargement of seminal vesicles in hypophysectomised
immature nmale rats &8s a pogsible parameter for measuring LH.
This %c . was found to be less sensitive than the hypophy=
sectomised rat prostate method,

Schaffenburg and seCullagh, 19513 McCullagh et al.,
1953, described & semi-guantitative method depending upon
the increase in the aotivity of the prostatic alkaline
phosphatase in hypophysectomised immature male rats., This
test, although not satisfactory by itself for the gquantie
tative determinztion of LH mctivity hae opened up & new
approach for designing future assay methods for measuring
this hormone. A chemical rather than & purely physical
parameter e.g. weight, colour, ete., was being memsured,

It is probable thai most of the grossly physical changes
observed in certain organs following the systemic adminis-
tration of gonadotrophie hormone must be preceded by
alteration of their chemical environment, The large number

of chemical reactions which are involved in these reactions
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might offer potentially promising specific chemical
parameters for designing future bicassay methods. Assay
methods designed on this principle are essentially bio-
assays in the sense that living animulg are being used.
Yeot, there are certain essential differences between these
types of assays and the conventional biosssays like the
“"mouse uterus test". In the former chemical change rather
than o gross physical alteration is being used as the
aessential parameter. In view of this essential difference l]
it ie probably desirable to designate these types of assay
methods, which use a chemical change rather than = gross
physical alteration as theessential parameter, as
"biochemical" assays. Many of these chemical parsmeters
are likely to have some of the advantages (cf. sensitivity)
and disadvantages (of. variation) inherent in all bioassay
procedures. It is possible that in the future, when our
knowledge about these intricate biochemical changees in-
cluding the specific enzymatic processes occurring at Lhe
cellular and subcellular level are more thoroughly clarified,
it would be possible to perform these chemical resctions
in vitro, Progress along this line is likely to produce
not only better assay methods, but also more detailed
information about the mechanism of gonadotrophic hormone

action in its proper perspective.
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A test depending upon the development of ovarian hyperaemia

in rats (Farris, 1946) and mice (Lloyd et al., 1949)
has been claimed to be specific for Li.
In a series of publications, 'itschi and Zegal

demonsirated that the charaéturiatic feather reaction in

the weaver finch was dependent uéon LH, and that the ree
action was not influenced by other gonadotropvhins, including
prolactin (Segal, 1957). It has not been possible to a,ply
this interesting reaction for measuring gonadotrophiec
activity in human nonepregnant urine on account of the ree
lative insensitivity of the test and due to the toxieity of
the urinary extracts often observed in the experimental
virds.,

In 1958 Parlow (1958, 1961) described = sensitive
assay method for the measurement of LH activity depending
upon the depletion of ovariaa ascorbic acid (0AAD) in
intect immature rats pretreated with relatively large &oseu
of PuSG and HCG. SchmidteElmendorff and Loraine (1962)
established the method and found it te be highly specifie
and as such suitable for the measurement of LH activity in
purified gonadoirophin preparaiione from human or animal
pituitaxry tissue, from lLuman urine or from serum of pregnant
maress. [hese authors s owed however that the method in the
form described by Parlow (1958, 1961) was not suitable for
clinical applicetion for two main reasons. In the first
place toxic effects were frequently encountered in the
experimental anim=lg when crude urinary extracts were ine

jected intravenously as described by raclow (1955, 1961).
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Secoudly there was a high proportion of invalid assays due J
to significant devistion from paralleliasm between the dose- }
reasponse curves of the s tandard and the unknown preparations.
In view of i¢s hitherto uncbiained sensitivitiy sud prace
ticability, attempts have been made tc modify the assay
techuique as described in Section 2 of this thesis.

Ellis (1961, 1961y devised an interesting variastion of
the ovarisn hyperaemia method by employing radio-iodinated
serum albumin for estimation of the hyperaemic response,

By this modification the character of the end point was
altered from quantal to quantitative assay. Parlow and
Reichert (1963) made certain minor modifications of Ellis's
(1961, 19619 original method. After exteneive trials they
found that, even in its modified form, #llis's bioradio=-
metric mssay method was [ifteen times more sensitive than
the hypophysectomised rat prostate test but O.4 times less
sensitive when compared to the OAAD assay. The reliability
criteria of the OAAD method and Ellis's modified hyperaemic
procedure were catimated to be comparable.

Determination of HCG.

HCG has been claimed to possess predominantly LH
activity. However there is certain histological evidence
to indicate the presence of FSH activity in HCG., The
methods available at preseat for gquantitative determination

of FSH activity (Steelman and Pohley, 19533 Brown, 1955)



involve the simultanecus administration of relatively large
quantities of HCG to the test animals, For this reasson it
hag not been possible so fa: to uze these methods to deter-
mine the smount of FSH activity, if any, present in HCG.

Lunenfeld et als (1963) using indirect immunological

methods, came t the conclusion that HCG contains a very
gnall but detectable amount of FSH activity which is immunoce-
logically identical to the IFSH present in HMG,

A large number of methods have been used for assayiung
HCG, mainly as an aid for diagnosis of pregnancye. In the
field of clinical application the determination of HCG has
been less difficult because of the relatively large quan=-
#ities of the hormone produced in the human body. Ior thie
reagon a number of semi-quantitative bioassay techuiques
have been used for the detection and determination of HCG
in urine, as a diagnostic test for pregnancy,

Being predominantly LH in nature the LH activity of
HCG can usually be assayed by specific methods used for
measuring LH, Thus using the OAAD method of Parlow (1958,
1961) SchmidteElmendorff and Loraine (1962) estimated that
the LH activity of 1.0 pg of NIH-LH was equipotent with
1,0 i.u. of HCG, However using the hypophysectomised rat
prostate assay it was found that the slope of the regression
curves for HIH-LH and [ICG were not parallel. It seeme pro=

bable thai the difference in this biological half lives of



various gonadotrophic preparations like HCG and NIlieLH
might be responsible for the slope difference when assay
methods involving a long period of time (several days) are

used instead of less time-gonsuming procedures, viz. the

OAAD method (vidg Mra.).



IBUUKOQASBAYS OF GONADOTROPHIC HORMONES,.

The biological criteria that proved most useful in
identifying gonedoirophin action were those associated with
acceleration of gonadal growth and developments 'The bio=
assay techniques were developed as the basie of target
organ reactions. In fact the use of the gonadotrophic pre=-
parations in helorologous species have formed the basis for
the most investigatime of biologicsl properties of gonadoe-
trophing, Highly purilied extracts ol urine and tissue
(pituitary and placental) rich in gonadotrophic materials
have been used in current studies in which imwunological
aspays of the gonadotrophic hormones have been attempted,

It has been well esiablished for some time that the
prolonged administration of crude ovine pituitary extracts
exhibiting gonadotrophic activity to either rats or rebbits
may result in the production of entibodies whioch inhibit
the action of gonadotrophins (Collip et al., 19433 Zondek
and Sulman, 19423 TDeutsch et al., 19503 Ely, 19573 BEenry
and Van Dyke, 1958), These anti-hormones, as they are
described by some workers, have been shown to neutralize
the biological activity of the exogenous gonadotrophine as
well as to exhibit certain immunolosical (antigeneantibody)
reactions with their homologous antigens.

Immunoassay of HCU.
On this basis different preparations of HCG have been
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studied in an atiempt to develop systeme to elicit and
evaluate ptandardized reactions between HCG and its
homologous antibody. Such systems were also expected to be
of value for characterization, purification, identification
and estimation of other protein hormones., For the purpose
of developing a quantitative agsay method, a number of
inveetijators have made immunological studies of ECG.
Fhrlier (1939) was the first to describe complement-fixing
antibodies to gonadotirophic hormone from pregnancy urine.
Brody and Karlstrom (1960, 1961) revived the complemente
fixation test for the presence of HCG., These workers made
no attempt to analyse the antisera for their capaeity to
neutralize bioclogical activity or for the vresence of anti=-
bodies tu proteins not associated with the biologically
setive principles.

Mckean (1960) described a precipitin test which compared
favourably with the Friedman pregnancy testy the anbisérum
was also found to neutralize the biological activity of HCG,
He analysed the antibody content of the antigerum by the agar
gel diffusion technique of Cuchterlony (1949) against
different serum proteins and samples of urine from noie
pregnant individuals. The poseibility of using this method
to obtain proof of purity is still in dispute.

Wide and Gemzell (1960) assayed HCG in urine, using

a haemagglutination inhibition techniques Thelr quantiative
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estimation curves were gompared with the biological activity
of HCG ns determined by the prostatic teet (Loraine, 1960).
Although the general pattern of the curves were similar,

the actual values obtained from the antibedy titres were
found to be higher than those calculated from their biologi-
cal sctivity. The antiserum was not tested for biological
neutralization capacity, nor were the antisera and antigens
analysed for the presence of non-specific components, |
Lunenfeld et al. (1962) have shown that posteimmunization
serum neutralized both in vivo and in vitro biological
activity of gonadotrophins and reacted with the antigen

in vitro producing haemagglutination giving precipitin arcs
_1n immuno~electrophoresiss These lines were found to be
situated in different regions. Only one group of these lines
was situated in the region shown to ccntain biological
asctivity (we glycoprotein).

Brody and Karlstrom (1962) reported the results of 522
imnmuno-agsays of HCG in a study along with 450 samples from
pregnant and non-pregnant women who had been tested for HCG
with the complement-fixation technigue. Using this technique
rather than haemagglutination-inhibition (Wide and Gemzell,
1960) they found that the levels of serum HCG during normal
pregnancy were of the same magnitude as those previously
reported by Wwilson et al. (149), liarkins and Sherman (1952),

Vermelin et al. (1957), and by Lorsine (1957). However
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these values were lower than those presented by Jones et al,
(1944) as well as those indicated in the Composite Curve
of Albert and Berkson (1951) and those presented by Behrman
and Niemann (1955).

oassay of LH,

It has been shown that sheep pituitery LH stimulate,
in rabbits, the production of precipitating antibodies that
are specific for the rospective hormones (Hayashida and
Li, 19563 1i et al., 19603 Moudgal and Li, 1961)s These
antibodics have also been shown to fixegomplement when
allowed to react with the respective antigens (Trenkle ef al.,
1961), Trenkle et als (1962) ueing an imsunochemical
technique thus claimed to have measured the LI content of
relativel Purified FSl preperations and of NIH-FSL=S1,
NIl=-P3li=S51 was found to be contaminated with 0.2 = 0.3% LH,
Sehmidt~-klmendorff and Loraine (1962) using the ovarisn
agcorbiec seoid depletion method reported that HIH=FSH-S1 con=
tained 1.0% LH activity. It has been found by these OhSGrVGrS(Tienklelgi_g;,1952)
that LH present in rat and beef pituitaries cross react with
the rabbit antibody to sheep LH in quantitative precipitin
and conmplement-fixation tests. One of the main objections
at preseunt agsinst these immuanclogical and immunochemical
assay methods is that the immunochemical activity of LH
cannot always be correlated with its biological activity.

Another fallacy of these methods is that certain chemical
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treatments like oxidation with pericdate of sheep LH while
greatly reducing its biological activity does not appreciably
alter its ability to combine with the homologous antibody
(Geschwind and Li, 1958).

In view of these and certain other technical diffi-
culties it is guuerally agreed that the immuncassay of a
hormone in biological media, especially in body fluids
where the nature of the hormone is not known, must be cor-
related with bioclogical assay before the immunochemical data
can be of biclogical significance (Trenkle et ale, 1962).

A satisfactory as=ay method foxr FSH depending upon the
immunological response does not exist at present. Immunoe
logical methods have however been used indirectly to siudy
the nature of the folliecle-stimulating sctivity present in

HMG and HCG (Lunenfeld et al., 1963).
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The compound now known as Cholesterol was described
for the first time in the latter half of the eighteenth
centurye De Fourcroy (1789) mentions that more than twenty
years earlier Poulletier ‘de la Salle had obtained this
material from alecohol=-goluble part of human gailatonea.

Chevreul (1827) isclated cholesterol from human and
animal bile, Lecanu (1838) from human blouod, Couerbe (1834)
from brain, Lecanu (1846) from hens' egzs, Vogel (1843) from
atheromatous arteries and Mitlier (1838) from the tumour
cholesteatomes. Cholesterol is now known to be widely dise
tributed in all living mammalian cells.

Berthelot (1859) isolated cholesterol esters from
gerum in the form of palmitate and oleate.

Reinitzer (1888) published the correct summation
formula of cholesterol., Windaus (1919) arrived at a ten=
tative formula which was changed in 1952 to the one now
accepteds The new formuls was based on Xeray studies by
Bernal (1932a., 1932b.) and by the finding of chrysene by
catalytic dehydrogenation (Diels and Gadke, 1927) thoroughly
worked out by Hosenheim and King (19328., 1932b.). Windaus
(1932) and Wieland and Dsne (1932) decided on the final
formulation.

Biosynthesis of Cholesterol.
Even before the introduction of isotopic tracer

techniques, it had been established by balance methods that
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mimals are capable of cholesterol bicsynthesis. Dezani
(1913) end later on Dezani end Cattoretti (1914) were the
first to show that cholestercl is synthesized in rats

reared on & cholesterol free ciets ‘“heir findings were con=
firmed for the same and other species, e.g. in infants, by
Gauble and Blackfan (1920), in bhumsn adults by Cardner and
Fox (1921), in young dogs by Seumer and Lehmann (1923), in
rats by Channan (1925) and by landles and Knudscun (1925),

in chicks by Zam (1929) and in laying hens by Schoenheimer
(1929).

FPage and Meuschick (193%2) and later Schoenheimer and
Breusch (1933) showed that either biosynthesis or degra-
dation could oecur, depending upon the cholestiercl content
of the diet fed, but uo clear ides about the rapidity of
cholesterol biosynthesis nor of the pathway was gained until
tracer methods werc applied to this problem, HRittenberg and
Schoenheimer (1937) found that deuterium (Hz) present in the
body water of a mouse, gradually became incorporated into
cholestercl from small unite which scquired deuterium atoms
during the course of itheir chemical transformation, an
interpretation which was subsequently confirmed by studies
with 0;1 and Gli labelled precursors. Sandechoff and
Thomas (1957) found that deutero-acetate was converted by
yeast in high yield, aad Bloch and liittenberg (1942) showed

it to be utilized by rats a:.d mice for cholesterol synthesis.
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Leter Lloch et al. (1946) found rat liver slices capable

of converting aoetate-l-oiﬁ into eliclesterol, an observation
which has stimulated an immense amount of work on many
aspects of cholesterol biosynthesis. An important contri-
bution to this field has been the development by Bucher
(1953) of a metho! of preparing cell-free fractions capable
of synthesizing cholestervly only the microsomal and scl=-
uble supernatant fractions are required.

Acetate is the principal and probably the only common,
gimple metabolite from which cholestervl is synthesized. Total
synthesis from acetate can be achieved by suluble extracts
of liver, but ne enzyme involved in this syntheasis beyond
the part common to fatiy acid and cholesterol synthesis has
yet been purified c¢r even identified, and many intermediates
are 8till unknown. On the other hand every carbon in

cholesterol may be derived from acetate; this was estab-
lished by the very extensive studies which have been in pro=
gress since 1949 in several laboratories with the goal of
isolating and identifying the oxigin of each carbon atom in
cholesterol, Wuersch et al, (1952) completed the analysis
of the side chain, end Popjak and Cornforth (Corniorth
et alsy 1953, 1956, 19573 FPopjak, 1957) have completed the
remarkable feat of a systematic carbon-byecarbon dissection
of the whole ring system. Various investigations since

that time can be convenlently grouped into two categories,
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those with the steps between acetate and squalene, and
those concerned with the steps between squalens and
cholesterol itself,

Cholesterol biosynthesis oecurs in all tissuea of the
body to a greater or lesser degree, It is interesting but
perhaps not surprising that the microsomes a:e.;he focus of
cellular cholesterol biosynthesis as they are'ﬁlao important
sites of protein and ribonucleic acid aynthesi;.

Cholesterol in Steroidogenic Tissues.

The structural relations of cholesterol to certain
stercid hormones were determined when ovarian, testicular
and adrenal cortical hormones were isolated and their
chemistry studied in the 1930's. kKuzicka and co-workers
(fuzicka et al., 1.34) prepared androsterone from gpi=-
cholestanol (cholestane3cecl) and Fernholz (1934) converted
stigmnastercl into progesterones (n the assumption that the
biosynthetic mechanism utilized to form complex molecules
in vivo are implicit in the chemical structures involved,
as evidenced by xesctivity'in the organic reactions of the
chemistry laboratory, the pioneers in ateroid chemistry
suggestied biogenetic relitionships between cholesterol and
the various stercid hormones then known. These efforts were
eapecially frequent before 1940 and a typical scheme of this
era is illustrated in the following Figure taken from (Fig.l)

Kerrer's text (1938). This embodies hyuvothetical relatione
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ships derived primerily from luzicka and Butenandt. It
will be seen that one of the hypothetical routes envisaged
involved the degradation of the cholesterol gside chain to
form pregnenoclone. This upon oxidation gives rise to
progesterone the hormone of the corpus luteums Frogesterone
in tum wns suggested as a precursor of testosterone, the
hormone of the testis which in turn was regarded as the
precursor of the ovarian hormones, oestrone and oestradiol,
It is interesting to note that it is precisely these re-
actions, demonstrated only in the past few years, which are
now regarded as bagically ianvolved in the biosynthesis of
steroid hormoness “hile the problem involved in the bio=
gynthesis of the various steroid hormonee is not solved in
its entirety, various "patterns" are beginning to emerge
and mergey techunigues are available for discovery of the
rensiuning missing pieces and the problem now seems near
solutions.

On the basis of recent studies it is now eatablished
that cholesterol is a precursor of oestrogens. Although it
was first olaimed by Heard et als (1954) that choleaterol
is not a precursor of oestrogens, as evidenced by the failure
of Gl& cholesterol administered in the pregnant mare Lo be
incorporated into the urinary ocestrogens, subsequenl recons
gideration of the data has led to the retraction of this

view (Heard et al. 1955)s It las been shown in humens that
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cholesterol is converted to oestrone, in vivo (Verbin et al.
1957). Previously it had been shown in ovariean tissue that
cholesterol is converted to progesterone (Solomon_gg_gl.
1956); that progesterone is converted by overian tissue
homogenates to l7=hydroxyprogesterone and androstenedione
(Solomon et sl., 1956); and that androstenedione is con=
verted to oestrogen in various tissues including the ovary,
placenta and the adrenals (Meyer, 1955). The formation of
the corpus luteum with ite subsequent ability to produce
progesterone is brought about by the combined action of the
anterior pituitar s gonadotropnic hormones (FSH and 1H)., It
is quite probable that the correctly timed action of thesze
two pituitary hormones is escential f'or the biogenesis of
progestercne in the corpus luteums The latter is probably
also true for the biogenesis of osstrogens as well.s At just
what stage in the biosynthesis these hormones exort their
action is not known (Corfman, 1955).

Turnover of Cholestercl in Stercidogenic Orgzans.

The term “turncver" may be couveniently defined as the

rate of replacement of the molecules ol a body constituent
or the rate of digappearance due to execretion and metabolic
breakdown or conversion into other substancese. In this
steady state these two rates will be equals Cholesterol
turnover in individual tissues is complicated by movement of

labelled molecules from one tissue to anoiher,
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Fgetors influencing biosynthesis, turnover and distri-
bution of cholesterol in tissues, are many. Ilost of the
studies have been made in connection with the iurnover rates
between the blood and the liver, Amongst the extrahepatic
tigsues rich in cholesterol the adrenal glands have been
studied in some detail, The cholesterol in this organ is
claimed to be present in higher concentration and in more
labile form than in any other tissue. Various types of
experimentally induced stress, including haemorrhage, burns,
tourniquet shock, and festing cause a rapid and marked
decrease in adrenal cholestercl concentration, due presum=-
ably to an accelerated conversion into adrenocortical
ateroids. UJisappearance of half the adrenal cholesterol in
three hours has resulted from non=fatal haemorrhage or the
injection of ACTH in rats (Sayers, 1950)s It is the
esterified 6holewter01 which decreases in amount; at 15«24
hours after tourniquet shock the esterified i{raction was less
than one third the control value and the free fraction showed
little change (Popjak, 1944). By 48 hours the cholesterol
level was agnin normal,

Although srent progress has been made in the field of
steroid biosynthesis, our knowledge regerding the juestion
of how steroid bicsynthetic sequonces are regulated in living
cells by specific trophic hormones is less certaine. Fresent

understanding in this field is limited not only by insufficient
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data, but also by the need for unifying ideas aud concepts.
The available data indicete only that "something more"™ than
is encompassed by the chemical rezction of a sequence
(despite the detailed inclusion of enzymes and co-factors)
is involved in the regulation and direction of metaboliec
pathways in the living cells., Further information in
relation to this problem is provided by & consideration of
the various steroid hormone biosynthetic sequences in the
adrenal cortex, testis, corpus luteum and the ovary which
produce as end products corticosteroids, androgens, pro=
gesterone and cestrogen respectively. G:tnquiries have revealed
that in the various sequences most of the enzyme steps
present in each of these endocrine itissues are bhasically
similar, the difference in end products depending on the
prescnce or absence of a few specific hydroxylating or
oxidative systems, How then is specificity of trophio
hormone action achieved? WNore particularly, how does ACTH
specifically activate corticostereoid hormone production withe
out influencing pragaaterone secretion from the corpus
luteum or testosterone (and androstenedione) secretion from
the testis, or cestrogen secretion from the ovary? Similar
questions arise in the case of gonadotrophic hormone action
directed only nt the testis and ovary, and for luteotrophin
hormone action specifically uvon the corpus luteum. There

is no evidence that hormone specificity ie the result of
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hormone action upon an enzyme gpecific to the target organ.
Indced, in the case of ACTH action, where our knowledge is
most advanced, it is clear that ACTH activates an early

step in the sequence between cholegterol snd pregnenclone,
which normally is the rate-limiting reaction, and this is
preuiaely_the area that is common to all of the sequences

of steroid hormone biosynthesis,s But this is not the only
difficulty. Each of the pituitery trophic hormones dis-
cussed, in addition to activating specific steroid bio-
synthetic eequences, also promotes cell growth in its rese
pective target orgen. At a minimum growth may be defined

28 the synthesis of each of the cherscteristic compounds of
specifically differentiated cells., Ubviously growth does
involve more tvhan merely a collection of biosynthetic re-
actionss Thie must meen that in each tariet organ, the tro=
phic hormone activates every biosynthetic sequence charac-
teristic for the cell (i.e. nucleoproieins, proteins, carbo-
hydrates, lipids, etc.) and it must do this specifically for
cells in one endocrine organ but not in the closely related
cells of another organe If the present ignorance of the
fundamental mechanism of action of hormones has been
emphasized, this is becruse it seems thet the first step
towards knowledge in this area is to recoganise our need for
a concept of sufficient bresdth to encompasz the problem in

its entirety.
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arian Chole .

Histochemical methods have been freguently used to
explore the very controversial and complex field regarding
the distribution, localization and turnover of lipids and
fatty substances in the ovary. The histochemistry of the
orgenas which are now known to pro'uce steroid hormones
(adrenal, overy, testis and placenta) dates back well over
gixty years. The presence in certain cells of these orgsns
of sudanophil, birefringent, acetone-soluble lipids with
properties different from those of ordinary fat hazs long
been known to histolozists. Extraction methods showed these
droplets to consist of cholesterol esters, phospholipids,
triglycerids and fatty acidas. ‘The ovarian interstitial
glsnd of rodents and the corpora lutea, strikingly filled
with such droplets, have long been linked with hormone fore
mation and seoretion. As a consequence, methods used by the
organic chemigtas fovr characterizing sterocid compounds were
applied, directly or with modifications, to appropriate
organs, first by Bemnett (1940) to the adrensl cortex of the
oat, and subsenusatly by Dempgey and Bagsett (1943) tc rat
ovariess Testing the lipid droplets for a variety of
physiecal and histoohemieal properties such as birefriigence
before and after digitonin precipitation, fluorescence in
ultraviolet 1light, phenyl hydrazéne formation (indicative
of carbonyl sroups), colour reactions aftcr treatment with

concontrated sulphuric acid (typically given by unsaturated
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stecoids), sudanophilia and acetone solubility, these
vorkers councluded that the liﬁi&s contained e mixture of
cholesterol and ketosteroid hormones. The high hope that
the actusl hormones were being visualized in this way was
soon shattered when it was shown that lipid aldehydes, known
as plasmals (or other autoxidation products of unsaturated
fatty acid esters of cholesterol) rather than ketosteroids
were responsible for the phenyl hydrazine reaction (Gomori,
1942, 1952a.3 Albert and Leblond, 19463 Claesson and
cillarp, 1947ce3 DBoscott et al., 19483 Boscott and Mandl,
1949). Feulgen's plasmal Schiffereaction, specific for
aldehydes, was shown to parallel-tha hydragine earbonyl
reaction (Verne, 1929), whether it is a true plasmal re-
action or pseudo plasmel reaction (Cain, 19503 Hack, 1552
Deane and Saligman, 1953) is of secondary importacce.

Hence the set of tests which is now frequently being
applied to steroid hormone producing tissues reveals not a
single substance but various lipoid materianls, They may be
mixtures, vne may bz, and cften probably is, the vehicle for
another, so that several are revealed at the same site.
lowever, it must be emphasized that the simultancous presence
of these different lipids in the ssme tissue, is to a large
extent not lortuitous but indicative ol, and conditioned by,
the specific steroid metabolic processcs occurring therin.

Uempsey and Sassett (1943) concluded from their work



on the rat ovary that it is the theca interna cells which
produce the oestrogenic hormones and not the graulosa cells,
because the latter did not give any of the various "steroid
rveactions". lverett (1945) studying the corpora lutea of
the cycle in rats, noticed a large accumulstion of chelesterol
during oestrus in the next youngest set of corpora luteas
He suggestied thaet cholesterol serves as a precursor of
progesterone, For storage to cccur a srecial ratio of cire
culating luteinizing hormone/lutectrophic hormone was found
to be all importants In corpora lutea of gestation and
lactation no sign of cholesterol storage is seen (Everett,
19473 Claesson and Hillarp, 1948); presumably they are in
a gtate of active progesterone secretion. This agrees with
the observations made by Corner (1932) and with subsejuent
observations of Dawson and Velardo (1955) on rat corpora
lutea during pseudopregnancy. lowever, tverett (1947) showed
that experimental intervention could produce storage, DUcane's
(1952) extensive work covering a succesesion of controlled
oestrus cycles in rats brought ocut zome points of special
interests
(1) the three structures, theca interna, corpora lutea
(i.es of the previous cyele) and iaterstitial
cells, all show evidence of secretion in the
immediate preovulatory periodg

(2) the lipids of large graafian follicles becoming



atretic at the time of ovulation give the full
range of "steroid" teats, suggesting a luteinizing
respouse to gonadotrophin stimulation, whilst
follicles becoming atretic at other times of the
cycle show merely accumulation of coarse lipid
material,
Histochemical evidence indicating that the theca interna
represents the predominant site of cestrogen produection and
the only one in the growing follicle was obtained for a
number of species (Dempsey, 19463 Lofliger, 19483 Knigge
and Leathem, 1956) including humans (Meckay and Kobinson,
1947)s Gillman and Stein (1941) in their investigation of
human corpora lutea, noted the almoet complete absence of
vieible cholestercl throughout pregnancy. In this connection
the earlier work of Skowron and Keller (1934) on rabbits!
gestational corpora lutea is of interest. They found f@no
sudanophil granules to be present in the granulosa lutein
ecells throughout gestation, indicating continuous sccretory
sctivity, which confirms with the well known fact that in
this species & functional corpus luteum is indispensible
almost up to the end of pregnancy. Deane and Fewcetit (1956)
noted histochemical evidence of oestrogen proiuction in the
transplanted intrasplenic ovarian luteonatas.
The conecept of cholesterol being a precursor substance

of oestrogenic hormones already mentioned in conuection with



the work of Bverett (1945) was developed in a series of
histochemical studies by Claesson and his colleagues. In
1947 Claesson and Hillarp demonstrated histochemically the
pres«nce of a sterol of the cholesterol type in the intere
stitial glands of the theca interna of the raboit ovary.
They found the amount of this sterol to covary in relation

to sexueml phases during oestrus, pregnancy and pseudo=
pregnancy large amounts were present; in immature ovaries
or during anoestrus there was very little or none. Chemical
extraction methods showed that most of the sterol was present
a8 a bilologically inactive esters After coitus or injection
of gonadotrophin the sterol was mobilized from these cells
in the ovary parallel with the sign of production and
gecretion of sctive oestrogenic hormone, Heduction of
cholesterol of the interstitial gland was also found in
associsntion with postpartum oestiruss These results strongly
suggested that a histochemically detectable sterol is the
precursor of the cestrogenic hormones formed in the rabbit
ovary. Application of the srme methods to ovaries of the
rat and guinea pig (Claesson and Hillarp, 1947b., 1948)
yielded similar results. In the rate, coitus or graded
gonedotrophic stimulation were shown to mobilise an ocestrogen
precursor from the ovary. furiher aualysis of the storage
mechanism of the oesirogen precursor in the interstitial

tissue of the rat overy (Aldman et ales, 19498., 1949b.$



-46-

Claesson, 1954a.) revealed that intense gonadotrophiec
gtimulation results in depletion of the store, while low
grade gonadotrophic stimulation with both FSH and LH will
lead to storaze of the precursor and inhibit its transe
formation into sctive hormone,

Claesson extended his work (1954b., 1954¢.) and come
bined this with gquantitative biochemical munalysis in the
interstitial glands of rabbits, Under cextsin conditions
this tissue occupies a large volume of the ovary and is
therefore very suitable for biochemical works Such work had
previously shown (Claesson et al., 1748, 1953) that sub=
sequent to gonsdotrophic stimulation there is a marked
decrease in esterified cholesterol and fatty acids and a
great increase in phospholipids, whilst the amount of acetal
phospholipids remained unchanged. Clsesson then studied the
intracellular localization of the lipid fractions by a
variety of methods (oytological, histochemical and micro-
biochemical) before and after gonadotrophin stimulation,

The intensities of both Schultz reactions and birefringence
were paralleled by aquantitative cholesterol estimations.
Piret temased "living" cells obtsined from 6varioa before
stimuiation were seen to be loaded with granules and there
was strong birefriugence, After stimulation there was a
progressive decrease in the birefringence and size of the

granules, but not in their number. Analysis of the lipid
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extracts from these granules strongly suggested that the
double refracticn was due mainly to cholesterol esters.

The incressed phospholipid was largely concentrated in the
general ecytoplasmic fraotioﬁ and was thought to be due to
newly formed mitochondria. This"precursor" hypothesis is
also supported by studies on the lipid histochemistry of

the ovarian interstitial tiaéue of infantile and prepubertal
rate (ltennels, 1949, 19513 Dawson and McCabe, 19513 Falck,

1953).
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In the following section of the thesis the cholesterol
turnover in the ovaries of intact immature female rats
following LH stimulation has been investigated.

Depending upon the two important biological actions
atiributed to Ll, two different lines of approach using two
conmpletely different experimental conditions have been made.
One of the important biclogical actions of LH on the mature
ovarian follicles is its ability to cause ovulation and
corpus luteum formation. The cholestercl turncver in the
ovaries following exogenously administered LH induced ovu=-
lation and corpus luteum formation has been investigated,
using rat ovaries containing large numbers of ripe follicles,.
Simul taneous maturation of a large number of gvarian
follicles without subsequenti spontansous ovulation was
effected by a single suvcutanecus injection of 50,0 i.u.
of PHSGe Chapter I deals with this sectibn of the inves=-
tigation,

‘ Another important function widely attributed to LH is
its ability to stimulate steroid hormone production from the
¢orpora lutea. As reviewed already, cholesterol has been
shown to be one of the precursors from which ovarian steroid
hormones are synthesized. This property, viz. stimulation
of steroid hormone production from cholesterol was studied
by investigabting the cholestercl turnover in the intact

immature rat ovaries containing large numbers of corpora
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lutea (Chapter II). This latter type of orary was obtained
by pretreating the experimental animsls with 50,0 i.u. of
MSG followed 72 hours later by 25.0 i.u. of HOG,

In both these groups of experiments reasonable time
was allowed to pass between the time of injection of the
hormones for pretreatment and the time of injection of the
test doses of LH, Although very little is knowu at present
about the biological helf lives of various gonadotrophic
preparations, it was reasonably hoped that the time allowed
for the hormone used for pretreatment to be used up (or
excreted) was sufficient,

The ultimate purpose of both these iuvestigations has
been to develop new assay wmcthods for the quantimtive and
specific determination of luteinizing hormone activity in
biological materiale from animal and human sources. As
already discu sed, the available asssy nmethods for the
measurement of luteinizing hormone activity in human body

fluids are not satisfactory at present.
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N INPACT TMIATUNE RATS

FOLLOWING .JUPELOVULA.L’ Ol AS A POSSIBLE ASSAY PiO=

CEDURE FOR QUARTITATIVE DETERMINATION OF LUTEINIZING
HOEMOHE ACTIVITY

INTRODUCTION,

Ovulatory response to exogenous gonadotrophin stimue
lation in intact immature animals has been utilized by &
number of investigators &s a possible parameter for assaying
the luteinizing hormone activity. In apite of its sporadic
use over a number of yeexrs the technique has not received
much attention, and has in general been abandoned by most
workers.

Smith and Engle firet reported the ovulatory response
to gonadotrophing in rats in 1927. 7The reeponse Lowever
copld not be properly utilized for developing an sssay method
for the measurement of LH, mainly due to the fact that suit=
ably purified pituitery hormones were not available until
conparatively recently, Zarrow et ale. (1958) reported that
iantact immature female rats pretreated with 30 i.ue of prege
nant mares serum gonadotrophin (PM3G) will ovulate when
injected intravenously with as little as 0.25 isue. of human
chorionie gonadotrophin (HCG) or 0.1 pg of Armour TCSH,

This method also could nct be recommended for guantitative
work due to low degree of precision of the testy the mean

rigure for the index of precision (A) being 0¢53,
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More recently Cunningham (1962) using intaet imnature
female mice pretreated with large dosages of 156G, designed
an assay method for luteinizing hormone ectivity depending
upon the percentage of animals ovulating foliowing the
administration of a luteinizing hormone (LE) preparation.

He was nble ¥ obtain a workable dose-responze relationship
between the amount of LH meaterisl used and the percentage

of the animals showing ovulation. However, the dose level
of LH necessary to obtain a satisfactory dose-reponse curve
was found to be rather large when compared to that used
ordinarily for rarlow's ovarian sscorbie acid depletion
method (Parlow, 1958, 1961). It is interesting to note, as
obgerved by these workers (Zarrow et al., 1958§ Cunningham,
1962) that priming with relatively large doses of PMSG given
alone in one single injection failed to iunduce significant
ovulation in the immature rats. Zarrow et al, (1958) ncied
only one instance of ovulation in a series of more than 200
rats injected with s single priming subcutesneous injection
of 115G. However, contrary to the cbaservation of lowlanda
(1942) but in agreement with the results reported by Carfland
and lielson (1938), ovulation was observed with a second
injection of IMSCG in rate previously primed with FHSG
(sarrow et als, 1958)s This latter effect could simply
iundicate the vregence of LH activity in the PNSG preparation,

or the presence of an ovulatory property ian the 115G molecule.
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Schmidt-klmendorff and Loraine using the ovarian ascorvic
acid depletion method reported that international standard
PiSG had approximately 305 LH type material and 70% FSH type
activity (SchmidteNlmendorff et al., 1962),

It is generally believed that the phenomena of follicle
maturation and ovulation are associated with the production
of steroid hormones by the ovaries. The relationship of
ovarias cholestercl to the ovarian production of steroid
hormones has already been revieweds This chapter deals with
the change in the cholesterol content of the ovaries in
intact immature female rats, following induced follicle
naturation by 50 i.u. of FlUSG, and subsequently ovulation
and corpus luteum formation by different LH preparations.

It wus hoped that the change in the cholesterol content of
the JliSG=treated ovaries following Ll sdministration (and
conaeqﬁent ovulacion snd corpus luteum formation) might
follow a definite dose-response relationship with the amount
of LH useds The object of pratroatment with PMSG was to
stimulate the maturation of a large number of graafian
follicles to facilitate the subsequent action of the adminis=-
tered Lils It has previcusly been shown that PHSG when given
alone in one injection, even in relatively large doses,
stimulates the maturation and enlariement of follicles withe
out ovulation cceurring unless aan LU preparation is adminis-

tered subsequently.
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The purpose of the present investigation was to inves-
tignte the feasibility of using the change in the cholestercl
content of the ovaries associated with administered LE
induced ovulation and corpus luteum lormation as a basis

for guantitative dete:mination of LH activitye.

MATERIALS AGD METHODS.
Animals.

Intact immature Wistar rats from iwo inbred colonies,
varying in age from 25-30 days, and betwoen 35 « 50 gms.
weizht, were used. Jlor the preliminary experiments animals
from one colony only were used, 'he bioassays proper and
the specificity tests were all carried oul with animals from
a different colony.

nistration of h nese

The hormones were injected subcutaneously or intrae
peritoneally as specified, The pretreatment procedure with
50 i.ue PMSG was in all cases performed by subcutaneous
injection of 0.5 mlse of normel saline given under the dorsal
gkine The test materials were injected in three twelve
hourly divided doses of 0.5 ml each, following 72, 84 =nd
96 hours after the priming injection of 50 i.ue. of FMSG.
Trhis injection schedule reached arbitrarily was followed
throughout and no other fectorially designed experiment to
investigate the effect of time, number and volume of the

injection fluid was undertaken.
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wstimation of cvarian cholesterol (total cholestercl).
The assay animals were killed by cervical dislocation.

At autopsy each ovary was removed by a dorsal approachs The
orguns were carefully cleaned of all adhering tissues and
were weighed on a torsion balance to the nearest Q.1 mg.

The weighed ovaries were ground in a mortar and pesatle
with a gnall amount of sand snd 4 mls of 50150 mixture of
acetone and ethanol, taking the usual precaution to prevent
evaporations The extract was filtered and 0.4 ml aligquots
of the clear filtrate were pipetted out for estimeation of
the total cholestercl according to the method described by
Searcy and Bergquist (1960). Six mls of saturated solution
of ferrous sulphate were added to the 0,4 mla of the tissue
filtrate and finally 2.0 mls of concentrated 'Analar' sule
phuric acid was run into it and mixed very rapidly to prevent
charring. The colour developed was read in a Unicam spec=

trophotomat‘r (S-P.GOO) at 50‘) e

Hormones used for the gregiminggx experiments aud for the

Pretreatment.
l. 118G (CGestyl) = the commercial pregnant mares serum

gonadotrophin menufactured and kindly supplied to us by
Messrs. OUrzanon (Newhouse, Scotland),
2+ HCG (Pregnyl)  the commercisl human chorionie

gonadotrophin obtained from the same pharmaceutiical firm,
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ormones used for the itative .

l. Follicle~Stimulating hormone (NIH=iSH-3l) « obtained
from the National Institute of Health, U.S.A,

2, Luteinizing hormone (NIH-Lii=81) = obtained from the
National Institute of lealth, U.5.A.

3o Human menopsusal gonadotrophin (H\G), the inter=
national reference preparation (I.H.F.)e. The materisl is
approximately equipotent with the unofficial reference pre-
paration HMG=20A,

4s Humen menopausal gonadotrophin (Pergonal)e This
material has been shown to have a higher specific activity
than I.ll,Ps The original preparation of Fergonal was made
by Donini and Marchetti (195 ) by a method depending on
keolin absorption and elution followed by chromatography on
permutit columns. 'The material tested in this atudy was
put up in ampoules eamch containing equal amounts of Yergonal
and sodium thymonucleinate. Pergonal has been chosen as the
future international reference preparstion for urinary gonado-
trophine.

5¢ Pregnant mares serum gonadotrophin (PHSG) - inter-
national standard,

6, Human chorionic gonadotrophin (HCG) « international
standard,

Hoxmones used in specificity tests.
ls Prolactin (lillieP=S5«43 15 i.u. per mg) = obtained
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from National Institute of Health, U.3.A.

2, Growth hormone (NIH-GH-B3§ equipotent with U.S.P.
reference stendard),

3, Adrenccorticotrophin (ACTH)e The prevaration
used was "Cortrophin" manufactured by Urganony 10 i.u./
ampoules

4. Thyroidestimulating hormone (TSH) - this was the

internantional standard of the hormone.

IHE MWTHOD IN DETATL.

The whole procedure was conducted in threc stages,
(1) experiments to obtain preliminary information regarding
the effects of a predominantly luteinizing hormone (HCG) on
the behaviour of overian cholesterol content, in intact
immature female rats pretreated_(priaed) with 50 i.u. of
F¥SGy  (ii) expeviments to outain the necessary information
regarding the dose response relationship between the dosages
of luteinizing hormone injected aud the amount of ovarian
cholesterol in similarly pretreated animals, and (iii) the
bioassays proper.

(1) Preiiminary experiments regarding the effects of
HCG @ the behaviour of rat ovarian cholestercl,

In the first experiment altogether 75 animals were
used, of which sixty received 50 i.u. of /3G subcutaneously
in one single injection (day 0)3 fifteen were left as cone

trols without hormone treatment. Seveniy-iwo hours later



(dey 3) the sixty animals which received 50 i.u. of FUSG
had one subcutaneous injection of 25 i.u, HCG, Five animals
from the treatment group were sscrificed each day frum the
first day after they had their PMSG injection until the 9th
day after they had their HCG. On three occasions, i.e. on
the day after the treatment group of animels had their in-
Jection of PiSG and on the third and ;Be ninth day after
these animals had their HCG, five animals [from the comirol
group (which did not receive any hormone at all) were also
sacrificed, The ovarian weight and covarian cholesterol
were determineds The results are shown in Figures 2 and 3
and in Table 1.

To investigate how far the increasing cholesterol cone
tent of the ovaries observed in the last experiment were
related to the increasing weight of the organs following
HCG administration, the second experiment was carried out,
This was designed exactly in the same way as the previous
one except .or the fact that the control group of animals
had 50 i,u. of FMSC pretreatment at the same time as the
experiuental group, and the HCG injectiom in the experimenteal
group was administered in three divided intra-peritoneal
injections after 72, 84 and 96 hours after they had their
FMSG pretreatment. The mean ovarian weights are shown in
Table 2 and Figure 4, It may be observed that the ovarian

weight in the treatment group (which had HCG) was considere



ably higher than that in the control group which had the
YH3G pretreatment alones

The augmentation effect of 25 i.u. of HCG on the ovarien
weight pretreated with 50 i.u. of 1iSG was regarded as
rather interesting, and it was thought worthwhile to inves=
tigate the effects of other gonadotrophin preparations on
gimilarly pretreated ovaries. Groups of 5 animale from a
batch of 3% animals pretrecated with 50 i.u. of PHSG were
treated with a number of gonadotrophin preparations, using
relatively large dosages. The injections were administered
in 3 divided doses at 72, 84 and 96 hours after the pre-
treatment injections It may be pointed out that the dose
levels of all the gonadotrophins obtained from none-pregnant
sources used in this experiment had either more LH or more
FSH or greater quantities of both activities in them when
compared to 25 i.us PMSG or 25 i.u. HCG (based on data pube
lished by Schmidt-Glmendorff and Loraine (1962)). All the
animels including the 5 control animals were sacrificed on
the fii'th day after they had their first injection of the
test material. The mean ovarian welghts are shown in Table
2

The next experiment wes ocarried out to examine the
effects of much smaller dosages of 1/ICG on FHSG pretreated
animals, The dose level of I'CG used (2.0 i.u.) was expected

not to interfere with the ovarian weight when compared to the
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weight of the ovaries of the animals having FLISG alone.
105 animals were used in this experiment, A4l1 the animalas
had the priming injeetion of 50 i.us of FNSG on the day
zero of the experiment, After this 45 of the animals
received 2.0 i.u. of HCG intraperitoneally in three divided
doses on the [2nd, 82nd and 94th hours after they had their
PliSGe The rest of the sixty animals which did not receive
any hormone after the priming injection of 50 i.ue. PHSG
acted as controls., From day 1 to dey 3 after the priming
injection 5 animals were sacrificed each day. From day 4
after the priming injection, that is from the day after the
treatment group of animals had their 2,0 i.u. of HCG in-
jection, 10 animals, 5 from the treatment group and 5 from
the conirol were sacrificed uvery day until the end of the
experiment. The ovarian weight and ovarien cholesterol
(free and total) were determined as shown in Figures 5,and
6 and Te

(ii) Experiments involving the establishment of the
dose-response relationship between the amount of ovarian
cholestercl accumulation and the dose level of the adminige
tered luteinizing hormone preparations,.

Two predominently luteinizing hormone preparatiorns,
ises the international standard preparation of HCG and
liIl=LH, were used for the purpose., The details of the pre=

treatment and the injection of the test material were the
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seme as in the last experiments That ia all the snimals
used for the assay were pretreated with one subcutaneous
priming injection of 50 i.u. of P3G, followed 72, 84 and
96 hours later by the injection of the test materials to the
animals other than those used as controls., In this experiment
with HCG two groups of 40 animals were usedj an additional
5 were used as controles One group of 40 animale received
the test doge of the hormones intraperitoneally, the other
group received it by subcutaneocus injection, Identical
dosagea were employed for both the groups and 5 snimals in
either group were used per dose level., The animals were
killed and their ovarian cholesterol determined on the fifth
day after they had their firat dose of the test material.
The graded dosages of HCG used in this experiment were
040259 0405y 041, 042y 0e4, 0.8, 1,6 and 3.8 i.us The
results are shown in Pigure 8. A progressive increase in
cholesterol content with progressively increasing dose levels
of HCC was noteds

An identical experiment with the same number of enimals
was carried ou.l using NIH=LI at dose levele of 0.05, C.l,
0e2y Qedy 0e8y 146, 342, 644 8ud 12,8 pgs. The results are
illustrated in Figure 9. The response is identical to the
previous one (Figure 8).

A number of gimilar experiments were then performed to

investigate the sieepest and linear part of the dose-response
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curve for HIleLH, The result: of four such experiments
are gshown in Figure 10,. In all these experiments and sube
sequently for all the proper bioassays and the specificitiy
tests, the tesi materiale were given intraperitoneally.
for the purpose of a;oiding any confusion therefore the
bicassay method as performed may be summarised as follows,

Animals are pretrecated with 50 i.ue. of PMSG given
subcutanceously by one injectionin 0.5 mls of saline.
Following this 72, 84 and 96 hours later the test material
is injected intraperitoneally in three divided doses, each
with 0.5 mls of normal salines The group of animals acting
as controls are given similar three injections of 0.5 mls
of saline ouly by intreperitoneal injection.

(1ii) 7he biomssays were conducted in the following
manner., CGroups of animals were pretreated with 50 i.u. of
PUBG (Gestyl = Urganon)e On the third day after they had
their Pi{SG, intraperitoneal injection of the teat materials
(the standard end the unknown) were given in three divided
doses at 72, 84 and 96 hours after the priming, given each
time in 0.5 mls of normal saline. The animals were sacrie
ficed for ovarian cholesterol determination on the fifth
day after the injection of the test material,

The results of eleven bioassays are shown in Teble 3.
The dose levels ol varicus gonadoirophin preparations used

for these assays are shown in Table 7. The relative



Wy

potencies of the various gonadotrophins thus obtained agree
with those obtained by Hchmidt-Elmendorff and Lo:gine (1962)
using the 0AAD method,.

Design of the Assays.

All the assays parformed were pilot assays in order to
obtain preliminary data or the dose-response relationship
of the various gonedotrophins. A rough estimeate of the dose
levelz was made from the results previously published by
Schmidt-Elmendorff and Loraine (1962). Pive animals (10
ovaries) were used per dose level of the standard and the
unkniown materials, and the log douse interval, i.e. the
difference between the logarithms of the two neighbouring
doses, was log 10 (0.602).

In all instances the design wes & gymmetrical four peint
assay with two dose levels of the standard (3) and two do'se
levels of the usknown (U) preparations respectively, and with
equal spacing of the log doses.

Validity tests were performed in each assay following
the technique described by Finney (1952) and Gaddum (1953a.,
be)e Altogether three assays were invalid because of signi-
ficant devimtion from each parallelism of the dose-rasuycnse
curves for the standard and the unknown preparations, The
deviation from parallelism was not confined to any particular
prepacation,

“he index of vrecision (A), relative potency and
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fiducial limits of error were calculated by the method

recommended by Gaddum (1553a., be) and by Borth, Diczfalusy
and lHeinvichs (1957).
Specificity tests.

These were performed in two ways. Pirstly anterior
pituitary hormones whicl might iaterfere with the response

to LI were administered alone in dosages as shown belows

Prolactin Oel and 1,0 nmg
urowth hormone Ol and 1.0 mg
ACTH 1.0 end 10,0 i,u.
s 8} 10.0 ané 100.0 i.u.

Secondly these hormounes were used in combination with the
usual low and high dosages of the standard Nlli-Ll, Hkesults

are shown in Table 6.

RESULTS,

Preliminary Observations.

Freliminary observationsg regarding the effect of 29 i.u.
HUG on the behaviour of rat ovarian cholesierol show that
following the administration of the latter hormone in intact
imrature femsle rats pretreated with 50 i.ue. of MiSG, there
is progressive accumulation of choleaster:1 in the ovaries
of these animsls (Figures 2 and 3, =ad Table l)s It may be
scen from whe figures that following the administration of
HCG the cholestiercol content rises steadily from the first

up to the lasi day of the experiment, Althousgh this effect
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is noted in either case, i.e. when cholustercl values are
expressed per 100 mgs of tissue (Pigure 3) or in terms of
cholesterol value per ovary (Figure 2), the inorease is more
marked in the latters It may also be noted that the ovarian
weight also increases markedly, as expected, when compared
to untreated (without PMSG or HCG) control ovaries (PFigure
2)e

In order to investigate how far the ovarian weight under
the conditions of the experiment is influenced by HCG in
PHSG treated ovaries the next experiment was designed. The
results are shown in Table 2 and Figure 4. 1. may be ob=-
perved from these figures that the ovarian weight increases
significantly in HCG (25 i.ue) treated animals, when come
pared to those having FiSG pretreatment alones This effect
points towards the possibility that vhe inereasing cholesterol
values following HCG administration might be at least partly
due to the increasing ovarian weight. It is intercsting to
note thet a comparatively large amount of NIH-FSH, NIHeLH,
NIHe} il plus NIH-LH and Pergonal, does not cause any further
increase of ovarian weight.

However it is seen from Figures 5, 6 and T that
following the administration of 2.0 i.u. of ECG the:= is no
gignificant change in the ovarian weight when compared to
the control ovaries (50 i.u. PSG alone)s Despite the fact

that the ovaries did not imcrease in weight significantly
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followiang the administration of sumsller amounts of HCG

(2,0 14us) there was significant increase in the cholesterol
content of the ovaries from animals injected with this
hormone, The incresmse in cholesterol content when compared
to the controle was highly significant from the second to
the ninth dey after the sadministration of HCG. The differ-
ence in ovarian cholesterol was found to Le most marked
between day 4 to day 6 after the administration of HCG.

From Mgure 6 it may be seen that the increase in cholesterol
is almost entirely due to an incresse in the esterified
fraction of the stercl, the free cholestercl showing vexry
little alteration.

lixperiments involving the investigation of the effect
of Nili=LH, KIH-PSi, NIU=LH and NIV-F31 combined, and Fergonal
on the PHSG pretreated rat ovarian weight show (Table 2)
that these hormones have no significant effect on the weight
of these ovaries.

The results of these preliminary experiments have shown
therefore that there is a progressive increase of the
cholesterol content in the ovaries of the rat following
administration of HCG in snimals previously pretreated with
PlSGe

ternination of the log dose-response e for HIH=L]

and International Standard of HCG.

Several assaya were performed to provide information
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on the region of linearity of the dose-response curve, The
result of one such experiment using international standard
HCG as the test material is shown in Pigure 84 and anothex
uging NIH«LH as test material is shown in Figure 9. In the
case of NIH-LH the steepest pert of the dose-response curve
was found to lie between O.1 and 0.4 ug of the hormoune and
8 "working range" at these dose levels of the preparation
was adopteds The results of four such experiments are shown
in Pigure 10, In all the assays shown, a significant
depletion (P = < 0.05) over the control value was obtained
with 0405 ug HIH-LI,

Guantitative assays.

A total of eleven assays are prescnied in Table 3.
HiH«LH was used as the standard material and it should be
noted that all the gonadolcophins tested showed appreciable
LE activity.
heiiability criteria.

l. Frecision. Table 3 shows that figures obtained for
the index of precision (A) range from 0.14 to 0.27 but are
generally below 0425,

2, Sengitivity, The dosages of gonadotrophins employed
in the gquantitative assays are shown in Table 4. The sensie
tivity of the test for 211 hormones studied is approximately
twice that of the ovarian ascorbic acid depletion method

(Sehmidt=ilmendorfi snd Loraine, 1962).
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3« Speeificity. then given alone in dosages stated
previously prolactin, growth hormone and ACTH had no effect
on the level of ovarian cholesterols On the other hand [SH
produced a marked increase of ovarian cholesterol (P > 0,001
< 0,01) at both dose levels testeds This effect is probably
due to the contamination of the TSHE preparation with
luteinizing hormone.

The results obtained when varicus hormones were given
in combination with HIH-LH are shown in Table 5. It will be
noted that following the administration of prolactin, ACTH
and growth hormone, the fiducial limits of error (P = 0.95)
include the figure of 0,1 indicating that the materials
tested did not interfere with the response of Lils In view
of the finding of Parlow (1561) and SchmidteElmendorff, that
NIH=-FSH contains about 1% of LH activity, conventional
specificity tests with Lhis hormone could not be performed.

The LH content of NIL-FSH is ehown in Table 3,

tomparison of ovarian ascoxbic acid depletion test with
ovarian cholestercl accumulation assay.

The potency of various pgonadotrophin preparations when
assayed by these two methods are shown in Table 6. In the
case of the ovarian ascorbic acid depletion assay the figures
are taken from the paper by iclmidteilmendorff and Loraine
(1962)s Indices of discrimination (ovarian cholesterol

accumulation/ovarian esscorbic acid depletion assays) were
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calculated mccording to the method of Gaddum (19538., be)
and are shown at the last column of the Tsbles It may be
seen that in all cases the figures for the indices of dise
crimination are close to unity. This suggests that both

the assay procedures provide an estimate of the same active

principles



( oo « Lep W6 O
soTIRAQ TOI3U0) JO Aeq DOH  « w Pag |
( sma 30378 Lep 181 «
026 3 0651 ¢z¢ 3 It o1 8°6 3 Lel 8%T 3 9°2L o1 wloim . w80
6L 3 08V GG 3 666 01 e'L 3 1°l9 8°0L 3 8°19 (0] . % = WS
10T 3 098 zLt 5 66L o1 L1 5 ©°26 LV 3 2°69 ot @ wow Wl
96T 3 02l 861 3 286 0t 9*ve 3 ¥°GlL G*S 3 V°29 02 M " w U9
0¢T 3 098 ¥G1 3 0L9 01 G*°0T 3 0°6L 2°L 3 8°L9 0g woowom UG
991 3 089 16 3 8l¥ 0t 0°9T 5 9°0L 19 3 9°09 81 " " w Wy
18 3 089 GET 3 196 o1 8°6T 3 6°98 2°m 3 1°6S 81 oM e REg
29 g3 oty gl 3 92¢ ot G°vt 3 9°LL G*¢ 3 9°05 91 u o w PUZ
el 3 06¢ 6y 3 ¢¢e o1 G*8l 3 1°99 L6 3 9°2S 0C D0H w w381
12¢ 3 osb 02T 3 061 01 1°1T 3 €°9¢ G*9 3 L°GY 02 " w w bIg
21T 3 09¢ 2 3769 8 G°S 3 8°61 °k 5 €S 81 « » w PR
81z 3 068 8z 3 06 01 22 3 9m 8*9 3 V&b (474 gy Ie3Je fep 38T
LO6 3 09¢e yot 3 V6t (4} 1 1°¢ 3 8°8 G°L 3 6°69 (474 ¢ 1011U0) O
GLS 3 9512 9¢ 3 00¢ 0t g8°¢ 3 2°01 T°L 7 0°19 81 2 Toxjuo) |
g0v 3 OTPI 61 3 Yot ot 22 32 2*¢ 3 1'9b 0C 1 1033U00x
T enseT] UWBTILAO ‘aq°s 3 B8TIVAOD
@S 3 gsw o1 T4 fxeao Jod 30°0H
s 5 Pl T rs 3 i Juowy 5o,

(8) T0¥RISATOHD

I S1avd




B

10°0 >

100°0 < d 91 3 08 ‘n*t Gz HoH “ ot
ﬂwm.m m F T 5 28 ‘n*t G2 Hevd 3 o1
*8*R m + ,vm sw 8 .m.wﬁownﬁnm b 0t
chd 3 887 00§ HT=-HIN
e S ey 891l00G HEd-HIN : %
SN 1T 5 0§ 881 006 WI-HIN " ot
‘SN 9 32§ e8vlo0g HEd=HIN " ot
*s°H ¥ 3% (Toxjuod) U PSHd *m°T 0§ 0t
1o0x3u00 ay3 0% s3u
portius o sy emeset gou
J4fTen UBTIBAO 1yften BaTIEAQ
UL 20usIeJITP UBTISAO s il Tk 3 Td Jo Isqumy
JWEOTI TURTS uBoN Revese ‘s

554 "U°T 0°06 HAll N LVAULNHEd HaLaV CoHuNLXIN NIH ONL0avNOD OGNV SHIHJONLOavEOD

SOOTUVA A0 BOILVHLSINIWAY DNIOTION Sivd

¢ TEvL

TALYIOU LOVANI N1 LHOIAR RVINVAO NV




s 73 «

poyssm

8660°0 96¥1°0 = 9990°0 8660°0 G2*0 1+2 avvo £q
pefessy
"
SEyacs 000T*0 = 0950°0 0090°0 22*0 ¢+ 2 PR
18¥1°0 = 6890°0 ¥860°0 02°0 F AR b
H
1910°0 = 128000 ¢60T0°0 lz*o Z+2
£600°0 2ST0°0 = €TL00°0 ¥8800°0 02°0 e +Z
6910°0 = 0£500°0 1£800°0 820 e+ HSA-HIN
6000°0 1600°0 = 99000°0 28000°0 62*0 2 +2 (*asu°1)
¥€100°0 = 0L000*0 86000°0 12°0 82 A Ye-orm
9000°0 96000°0 = 2G000°0 L0000 (AL Z+2 (as1)
28000°0 = T¥000°0 G000°0 €z*0 2+2 HSHI
2€100°0 6100°0 = ¥100°0 £9100°0 81°0 Z+2 (as1)
0200°0 = 2100°0 100%0 02°0 e *2 DOH
Lousrog " Tb
e e eamaoy TR e P
uBep 2 Jo xepuy

AVSSY HOILVIOMADOV TOW:LUWTOHD BVIUVAO
HT=HIN J0 SWNE0 NI SROTIVHVIIHd NIHAOMIOGVEOD SNy THdAIC 40 ADNSLOJ

ATEVL




- T4 =

TABLE

SENSITIVITY OF OVARIAN CHOLESTFROL ACCUMULATION
METHOD USING VARIOUS GONADOTROPHIN PR PARATIONS

Minimum effective dose
per animal

producing significant

Natering tested incresse in ovarien

cholesterol
P = <0.01
NIH-LH 0.05 pgs
NIH-FSH 10.6 ugs
HilG=24 (I.R.P.) 50.0 ugs
HCG (I.S.) 0,05 1i.u.
PESG 0,15 i,u.

Pergonal 0.8 ng.
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ZABLE 7

TOTAL DOSAGES OF VARIOQUS GOHADOTROPHINS
IMINISTERED PER AN
Cholesterol Accumulation Assay.

Hormone Low dose High dose
I.R.P. (HMG-24) 20040 ug 800.0 pg
PHSG 006013‘1. 2.401.“.

HCG 0.20i.u. 0.801,u.
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DICCUSSION,.

The effect of gonadotrophic hormones on ovarian
cholestercl has been previously studied using mainly qualie
tative methods as reviewed already., Un the basis of the
pregent investij-tion it may be stated that sdministration
of an LH preparation to imuature intact rats previously
primed with A lerge dose of PESG, under the experimental
condition described results in a gradual inorease ol the
cholesterol content of the ovaries. Presumably this ine
crease in choelestercl content is associated with the rhen-
omencn of ovulation and corpus luteum formation. Pree
treatment with one large dose of 50 apparently sensitises
the ovaries to the action of a comparatively small amount
of LE, most likely due to maturation of a larie number of
graafian folliecles ready to undergo the process of multiple
ovalation and corpora lutea {ormation.s It szems that during
their early stages of life the newly tformed corpora lutea
are involved 1nutiliﬁing rather than storing cholesterol,
which is probably used up for the synthesis of ovarian
steroid hormones.s It is probable that this process of
cholesterol turuover by the overy is o:nly possible so long
as there is sufficient circulating Li. Once the level of
LH falle below & certain level the cholesterol is atored up
progresasivelys ‘The depletion uf cholesterol from highly
luteinized ovaries in responae to LH will be discussed in

the next chapter. In the experiments described in this
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chapter the adminisiration of an LH preparation adminis=-
tered exogenously presumably stimulated ovulation and sub-
sequently corpora lutea formation. Accumulation of
cholesterel in the ovaries then cccurred as & result of the
gradual disappearance of the injected LH from the circu-
lation. Obviously such a presumption points towards the
poseibility that in the absence of LH corpora lutea once
formed either ztore up cholestercl or actively synthesize
this sterols It is also probable that the series of changes
egcurring in the corpus luteum which are associated with
the withdrawal of gonadotrophin sstimat_on are generally
known as the process of atresia. The significance of
cholestercl ester accumulation in the atretic corpora lutea
is obscure,

Prom the point of view of an assay method the accumu-
lation of ovarian cholesterol in suitably pretreated animals
can be used as & suitable parameter lor guantitative deter-
mination of LH activity in relatively purified gonadotrophin
extracts. .

The method is l{airly sensitive, being approximately
twice as sensitive as tle ovarian ascorbic acid depletion
(OAAD) test, and approximately 60 times more sensitive than
the hypophysectomized rat prostate agsay., The method is
not sufficiently sensitive to permit the injection of unex=
tracted urine for the assay of LH activity, Therefore to

use this method gonadotrophic material from body fluids
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has to be extracted snd concentrateds It has been shown
that the sensitivity of the assay procedure is considerably
increased by injecting the test materials intraperitoneally
rather than subcutaneously. Intraperitoneal injection of
crude gonmdotrophin extract from human urine is often toxic
to the experimentsal animslse This mesns that some further
purification steps for rendering the crude urinary extract
non~-toxic must be incorporated while concentrating urinary
gonadotrophins by the usual methods.

Another gdvanta.ge of the method is its relatively low
degree of precision compared to some other bioassays. The
index of precision is usually 0,25, which is slightly less
than that comsonly observed with ovarian ascorbic acid
de:letion test.

One of the drawbacks of the method is that the gonado-
trophic meterial from pregnant sources (PU3G and HCG) when
used in large dosses following PESG troatment iuduces further
increase of ovarian weight, and the normal dose~response
curves which are usually obtained using smaller dose levels
of these hormones are significantly flatteaed. Although not
a serious disadvantage in view of the fact that the augmented
effect on ovarien weight can be detected by comparison with
the controls, and the dose levels accordingly altered, the
point has to be taken into congideration.

Further sugmentation of PMSG primed ovarian weight,
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induced by A5G and HCG and not by HIH=Li, NIH=-FSH, NIH=LI
conbined with NIH-FSH, FPergonal or HG following IHSG plus
pretreatment seems to be particulaerly interesting, This
could possibly mean that placental and endometrial gonado=
trophing possess certain peculiar biological characteristics
of their own and the commonly attributed "LiI type" and

"FSH type" ectivity to these hormones are too much an over-
aimplification of the real biological characteristics of
these gonadotrophic materials. This might also suggest

that purirication of gonadotrophins necessarily alters sonme
of their biological properties so that FSH and LH fractione
after chemical fractionation cannot reproduce the effects
of a naturally combined gonadotrophic substance., Apart
from inducing follicular maturation, ovulation, corpus
luteum forﬁation and stimulation of ovarien steroid hormone
production, gonadotrophing provoke & number of other distinct
structural end functional changes in the ovary which might
be csused by specific substances of still undiscovered bio-
logical behavicur,

Speciiicity tests have shown that the resonse is not
altered or iaduced by ACTIH, Prolsctin ﬁud growth hormone,
T6E, given slone, csused a significant increase in ovarian
cholesterol, given in combination with UIH-LH, the fiduecial
limits of error for the assays for the standard (NIHeLH

alone) and the unknown (WIH-LH combined with TSE) did not



overlap and the relative potency of the unknown was highe:
than unity. Thie is most probably due to contaminaiion of
TSt with LH,

In view of the relatively longer time required for its
completion this assey method is less practicable than the
OAAD procedure. The longer time required for completion of
the agsay is likely to bring about the guestion of the bio=-
logical kalf life of different hormones and the implication
of this factor on the final biological reaction produced by
theme It has been reported (Schmidt-Elmendorff and Loraine,
1962) that although it islpoasibla to measur- the LH
activity of two different gonadotrophing (HIHeLH and HNG)
of very different degrees of purity by using a short temrm
assay procedure like the OAAD method, the regression slopes
obtained from these two same materials using the hypophy-
sectomised rat prostate as=ay (a long term procedure) are
persistently non-parallel., It is guite likely that NIHeLH
being a highly purified material is very quicily absorbed
and excreted oui of the system, whoreas more crude pre-
parations like MG being bound to other less absorbable
materials are retained for a longer time., Failure to pro-
duce parallel regression slopes usually means difference of
bioclogical aetivity of the materials used. tor this reason
if the biological variation due to the variation of

absorption or excretion rate interferes with a particular
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assay method then that particular assay procedure is likely
to be leas satisfactory than the one which is not interfered
with by such & difference., LH asctivity is aespciated with
many differ:nt gonadotrophin preparations. Ideally, for
specific measurements of LH, the assay method should not be
affected by such frctors as biological half 1life., Short
term assay procedures like the 0AAD method which are less
likely to be affected by the biological half life of the
hormones are thereiore probably more suitable f{or measuring
biological activity of LH associated with materials of
variable purity, It has been reported that although suite:
able for measuring the LH activity of couparatively crude
prepsrations, the hypophysectomised rat prostate test is
ungatisfactory for assaying highly purified material.
Failure of parallelism as discussed before has prompted
cartain workers to use this assay as a guantal method, based
on the comparison of the MED (minimum effective dose)s It
ie generally accepted thet for quantitative determinaticn,
quantitative assay procedures are sunerior to guantal

methois (Perry, 1950).

SULHARY,

A new assay method for Luteinizing Hormone (LH) activity
is degeribed and its relisbility oriteris assessed. 'The
technique depénda on the ovarian cheleatercl accumulation

in intact immature rats pretreated with pregnant mares serum
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gonadotrophin (Pu5G).

The main advantage of the ovarian chole:terol accumu-
lation assay is its high degree of reproducibility
agsocisted with comparatively high sensitivity. This pro-
cedure is approximately two times more sensitive than the
OAAD method. The index of precision (A) of OCA assay is
usually smaller than that obtained with the CAAD method.
The chief disadvantage of the technique when compared with
the OAAD method is its relatively low degree of practica-
bility.

In view of the difficul ty experienced in several
laboratories in setting up the OAAD method of assay, the
ovarian chclesterol accumulation assay will be a suiteble

alternative procedure.
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CHAPTER I1

SPLETION IN INTACT PSEUDCPREGNANT

RATS AS A SENSITIVE ASSAY MSTHOD FOR LUTEILIZING
HORMONE ACTIVITY.

INTRODUCTION.

Over the past three decades many methods have been
proposed for the assay of LH activity in anterior pituitary
tissue and in body fluids (for references see Loraine, 1958,
19633 Loraine and Schmidt-ilmendorff, 1963). The majority
of the older methods, for example the interstitial cell
repair test (Evans, Simpson, Tolksdorf and Jensen, 1939) and
the ventral prostatic weight test (Greep, Van Dyke and Chow,
1942) depend on observetions in hypophysectomised rats and
ere both time-consuming and laborious., For thecze reasons
they are generally unsuitable for routine =nrolication in the
clinical field.

In 1958 Farlow, working in Boston, described a new
method for the quantitative measurement of luteinizing
hormone do#énding on the depletion of ovarian ascorbie acid
in imnature rats pretreated with 8 end HCG, Schmidte
Elmendorff and Loraine (1962) established the method and
found it to be satisfactory for the estimation of
luteinizing hormone esctivity (L) in highly purified gonadoe
Lrophin preparations prepared from human or animal pitultary
tissue, from humaa urine or from the serum of pregnant mares.

The pretrestment of rat ovaries with IS and ICC makes



it possible for the firgt time to obtain a group of animals
which, although immature, have enlarged heavily luteinized
and metabolically active ovariea. The OAAD method which
incorporates thie procedure constitutes one of the most
gsucceesful attempts to measure gonadotrphic activity by the
utilisation of a biochemical rather than a gross biological
response, It seemed likely that similarly pretreated cvaries
nighi be useful in the investigation of other biochemical
responses associated with gonadotrophic activity.

The poesible precursor role of gonadcirophic hormones
in the production of ovarisn gstercid hormones from cholesterol
has been reviewed, OUn the bagis of certain recent experimets
the relation of the gonadotrophic hormenes in the production
of ovarian stercid hormones has bien emphasised. A bio-
synthetic system capable of high level of oestrogen pro=
duction has been provided by stimulating normal humsz. varies
prior to their surgical removal (Ryan and Smith, 19613 196la.}
1961b.3 Smith and Ryan, 1961). On the basis of an earlier
observation of Soloman et ale (1956) regarding the inter=
mediaxy role of C>4h5-ketoaternida in the ovarisn synthesis
of oestrogens from acetate and cholestercl Umith aad Ryan
(1961) were able to identify radioactive cholesterol, pro=
gesterone, l7u=hydroxyprogesterone, androstenedione as well
as oestrone and oestradiol 17F, in experiments with 014

labelled acetate ia normal human subjects,
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Conversion steps from cholesterol to prognanclone and
progesterone have been discussed by Chimizu et al. (1960,
1961)s Tamaoki and Piacus (1961) demonstrated that
cholesterol could be converted tc progestaerone by corpus
luteum homogenate. They showed however that follicular
tissue homogenates showed very little enzymatic activity
and in the follicular fluid none was detectable. 'They
pestulated that, because corpus luteum free ovaries would
have & much higher component of connective tissue than would
ovaries carrying corpora lutea, the limited enzymatic scti=-
vity shown by follicle tissue homogenates may have been due
to the smaller amount of secretory tissue availsbles They
also suggested that intact tiseue rather than homogenates
may be necessary for the gonadotrophic effect or certain
specific conditions and addition to incubate may be
necessary.

It has been indicated in connection with the research
deseribed in the last chapter that once formed corpora lutea
are capable of storing cholesterols It has been shown that
the ovarian cholesterol values rise prosressively for at
leagt 9 days after withholding gonadotrophin administration,

In view of these f{indings it was thought that the effect
of gonadotirophic hormones on heevily luteinized ovaries as
obtained by pretreatment with 50,0 i.u. PHSG and 25 i.u.

HCG (as advocated by Parlow for the CAAD assay) might reveal
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iteelf by altering the cholesterol turnover in these
ovaries,

This altered ovarisn cholesterol conteat in its turn
was expected to provide us with an index of gonadetrophic
hormonal activity. The fundamental mechanism iavolved in
the depletion of ascorbic acid from the ovary in response
to gonadotrphin stimulation is not well uanderstood, because
very little is known regarding the bioclogical role of
ascorbic acid in steroidogenesiss On the other hand the
precursorerole of cholesterol in ovarian production of
steroid hormone is well establisheds For this reason it
wss expected that apart from providing a possible assay
procedurs for quantitative detqrminaticn of gonadotrophic
hermone this investigation might prove %o = ol some value
in elucicating certain fundamental pfeblems rglating to the

mechanism of action of the gouedotrophie hormones.

A ALS ODS,
Hormones used in guantitative assays.

1, Follicleestimulating hormone (HIH-FSH=S1),

2, Luteinizing hormone (HIHeLHeS3).

5« [FEuman menopausal gonadotrophing Iaternational
Reference rreparation (Il.i.P.)s This materizl has
been shown to ve approximetely eguipotent with
HﬁG-20A (Bull. World Hlth. Orge 1960).

4, Yregnant mare's ssrum gonadotrophin (FﬂTG}; inter-

national standard.
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5¢ Human chorionic gonadotrophin (HCG); international

standard.
Hormones use gpecific tests.

1l Proluctin (NIH-P=53, ovine, 15 i.u./mge)e

2. Urowth hormone (HIH«CGH=37)e

3« Adrenoccorticotrophic hcrmﬁne (ACTH)e The pre-
paration used was 'cortrophin' (Organcn
Laboratories Ltde 10 i.u./ampoule).

4e Thyroidestimulating hormone (TSH)s This material
wag prepared from human pituitary tissue and had
e potency of 0.745 ie.us/mgs (Butt, Stockell-Hartree

and Kirkham, 1963),

The metho d 1.

The procedure ies conducted in two stages:

(1) pretreatment of enimals, and

(i1) bicassay proper,

(i) Pretreatment of enimsls, Intact imuature female
viatar rats bred in a c¢losed colony in the laboratory in
Ldinburgi were employed. The animels varied in weight from
30 to 50 gms and in age from 21 to 24 dayss Gfach rat
received & subcutaneous injection of 50 i.u. PMSG ('Gestyl',
Urganon) followed 72 hours later by a subcutaneous injection
of 25 i.u. HCG ('Pregnyl', Organon)., Both preparations
were dissolved in distilled water and the ianjections were

administered in a toftal volume of 0.5 ml. per animal, It
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was noted that as a result of the pretreatment the ovaries
becane heavily luteinized and varied in weight from 70 to
110 mge

(ii) Bioassay prover, The material to be assayed was
dissolved in 0.5 ml. 0.9% HaCl and was injected intra=
peritoneally. The aniwsls were killed 5 hours later by
dislocation of the cervical spine and the two ovaries were
removed uging o doysel approach., The individual ovaries
were rapidly clesned and weighed on a torsion balsnece to
the nearest 1.0 mg. Lach ovary was then homogenised in a
mortar and pestle with 2,0 ml. of scetonee-ethancl (1 ¢ 1 v/v)
and & trace of sand, After thorough grinding a [urther
2.0 ml. of acetone-ethanol (1 3+ 1 v/v) was added and the
homogenate filtered through Whatman No,2 filter psper, The
total cholesterol content of the filtirate was then detere
mined using the procedure deseribed by Searcy and Bergquist
(1962) and previcuely described in Chapter I. The results
were expressed ae ug cholestercl/100 mg. ovarian weight.
Design of Assays,

The assays performed were of three types:

(i) pilot assays using HIY-LH were conducted in order
to determine the dosa-regpense and the time-response
relationships 1In these assays five animals were employed
at each dose level of the hormone and the log dose interval,

iees the difference between the logarithms of the two neighe
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bouring doses was either log ,,2 (0.301) or log 105(0.699).
(i1) quantitative assays using NIi-LH as reference
material were conducted in order to estimate the LH activity

of various gonadotrophin preparations and to study the
specificity of the method,' In all instances the design was
a symnetrical 4-point assay with two dose levels of the
standard and test maierials a9d with equal spacing of the
log doses. Five enimals (ten ovaries) were used at each
dose level of the material to be tested and the log dose
interval was log 105 (0.699) in all assays. In two assays
(Table1l) only one dose level of the unknown preparation
fell within the "working range™ of the dose~response curve
of the standard material snd the resuliz were thus calcu=-
lated as for a 3-point assay,

(iii) quantitative asssys for messuriuy the LU
excretion in normal children and in normally menstruating
women. Samples from 24 hour pooled cullections of urine
were obtained, The urine sample wzs diluted as necessary
to obtain the dose-response steps for 4-point assays. lo
attempt waes made to concentrate the urinary gonadotrophin
by any extraction procedure., For the eyclic women studied
it was found necessary to dilute the unextracted urine
samples to the extent of at le~st 1000 times., For the
children's urine the diluiion varied from 1 3 50 to 1 & >1000,

roughly depending upon the ages UiG=24 (I.iePs) was used as



the stendard and the resulte are expressed in HNG units/24
hours.

Few observations hove beuen made on the LH content of
the serum in children. For the purpose of the assay diluted
gserum without any preliminary treatment wes used. The
results are expressed in HMC units/100 ml. of serum.

The indices of precision (A), relative potencies (R.P.)
and fiducial limits of error were determined by the method
deseribed by Gaddum (1953 ae¢ be)e In none of the 4=point
assays was significant deviation from parallelism encoune
tered between the dose-response curves of the standard and
test preparations,

Speeificity testss

The specificity of the assay procedure was studied in
two ways. tirstly, snterior pituitary hormones which might
interfere with the response to LH were administered in total
dosages at least 10 times higher then those employed by
Sehmidt-ilmendorff and Loraine (1962) for the OAAD test.
Secondly, coubinations of NIHeLH with other anterior pituitary
hormones were administered. 'The hormones tested are shown
in Table 8+ In view of the finding of Parlow (1961) and
Sehmidteslmendorff et al. (1962) that {IH~FSH contains
approximately 1% of LH activity conwentional specificity
tests in relation to this hormone could not be conducted.

The LI. content of NIU=-FSH is shown in Table 11,
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TABLE 8

Hormone tested

Dosage per animal

Administered Administered in combination

alone with NIH=LH
Prolactin 2,0 n* 2.0 n
Growth Hormone 10.0 n 100.0 p
ACTH 4,0 iemu 2060 iepu
TSH 1440 iepu 1le4 iepu
led iepu

# 1 nanogram (n) = 1 x 1077 &e

12

1 picogram (p) = 1 x 10 ° g

li.ou =

1 1.pu =

l intern=avional milliunit

lx 10-5 international units.

1l international microunit

lx 10"'6 international units.
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RESULTS,

Protreatment experiments (Fisure 11).

i'igure 11 shows the results of an experiment in which
45 animals were divided at random into two groups. 15
animals acted aa control and the remainder received 50 i.u.
FUS on day O followed T2 hours later by 25 i.ue. HCGe Oroups
of 5 animals were killed each day until the 9th day after
HCG. The weight of the individual ovaries in mg. and the
cholesterol content in ug. is shown. In each case, as in
all the following figures, the arithmetic range of the
results h 8 been plotted. The ovarisn cholesterol content
increased slowly at first aud then more rapidly, while the
ovarian weight incressed until the 2nd to 3rd day aflter HCG,
and thereafter was maintained at the same level until the
end of the experiment, I? terms of ovarian structure this
experiment showed the PMSG initiated the growth of a larzs
number of follicles which were luteiuized after the admin-
istraticn of HUG. It is interesting to ni@ that on the 8th
end 9th days after HUG the range of cholesterol values
incresged considerably while there was no oorreaﬁonding
increase in the range of t.he- ovarian weight. Throughout the
experiment there was little alteration in either the weight
or the cholesterol content of the ovaries from rats which

received no hormone,

Figure 12.

Figure 12 shows the results of the same pretreatment '
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experiment but with the results expressed as ug cholesterol/
100 mg. ovarye. The value for the control ovaries is very
highs however this may be explained by the low weiiht of
the ovariese. iollowing the a‘ministration of FNSG the
cholesterol values first fell as the ovaries were stimulated
to grow and then slowly incressed until the 7th day after
HCG, Higher values were noted on the 8th and 9th dsys, and
the range of the individusl results incressed markedly. &t_
the time the experiment was completed it wms not poseible
to explain this large variati.n in the range, and in view
of the relatively small range of the cholesterol values it
was decided to investigate cholesterol turnover in rats which
had received HCG either 5 or 6 days previouslye.
Figures 13 to 15.

These Figures show three of the carlier atiempts to
characterise the dose-response curve,
Fizure 13.

In this experiment each group consisted of 5 animals
and dose levels used ranged from 0.0 to 0.16 pg NIli=LHe
Bven at the lowest dose level a considerable depletion of
cholesterol was obtained.
figure 14.

In the previous experiment the animals were used 6 days
after the injection of HCG, wshile in this one they were left

only for 5 dayss It should be noted that slthouzh the
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cholesterol has been depletéd to the same absolute value in
both experiments the results obtained with control rats
which received no hormone on the dmy of the assay were much
lower in this experiment than in the orevivus ones Tiis
difference which amcunted to about 450 ug indicated that the
pretreaiment procedure doesg not always produce the same
cholesterol value in each group of animals. This figure
also shows that snimals which received no injection on the
day of the assay had essentially the smme ovarian cholesterd
value as animels which received an injection of 0.5 ml.
saline, thus indicating that the stress effect resultant
from an intraperitoneal injection has no marked effect on
the level ol ovarian cholesterol,
Figure 15.

In this experiment the lowsst dose level employed wns
39p of NIHeLH and mgain there was e significant depletion
of ovarian chclesterol when compared with ovaries from con=-
trol animals, It was a parent when the resulis were cale
culated that there were two adistinct groups of cholesterol
velues inside the smme treatment groupe The bottom line
shiows the mean value of the lower of the two sets of results
while the top line represents the mean of all the results
with the arithmetic ranges. T is differcnce in cholesierol
conitent was not related to ovarian weight but it did appear

Lo be agsociated with ovarian structure im that the ovaries



with the lower cholesaterol content were pink and had a
smooth surface while those with a high cholesterol content
were white and hard,.

Table 9.

This Teble snhows the results obtained in two control
groups from the same experiment in which there was consider=
able difference in both the ovarian weight and cholestierol
content, All the ovaries were apparently completely
luteinized but the ovaries with the lower cholesterol values
were pink and soft while the ovaries in the other group
were white and of harder consistency. This difference
appeared to be related to the ovarian weight, the lighter
ovaries containing comparatively l-rger amounts of cholesterol
than the heavier ones, The marked difference in cholesterol
content which may ocecur in ovaries pretreated in a similer
manner helps to explain the very large range in ovarian
cholesterol content which has been encountered in these
experiments,

Figure 12.(see page 93)

1t may be geen from this Figure that ihe cholesterol
values on the 5th, 6th and Tth days after HCG are rather
lower than have been found in subsequent experiments.
However, on the éth and 9th days a rapid rise and inerease
in ranse in ovarian cholestercl takes place, presumably
associated with the fransition from pink luteinized ovaries
10 «hite lutainized ovaries with a higher cholestercl con=-

tent (rable 9% I(his mey possibly be related to the rate of



- 97 =

TABLE 9

RAT OVARIAN CHOLESTEROL

7th DAY AFTER HCG

Pink luteinized ovaries. White luteinized ovaries.
wt pg cholesterol/ 100 mg wt pg cholesterol/100 mg
(mg) ovary (mg) ovary

97 824 97 1907
88 999 94 2148
79 1214 96 1338
75 1314 84 1488
80 1043 126 1635
69 1029 124 1635
66 901 129 1194
70 850 133 1158
91 1151 84 1702
87 1174 81 1877
80.2 1050 104. 8 1608
+ 10.1 +127 t16.9 +322
WEIGHT t=3.75 p < 0.01 > 0.001

CHOLESTEROL t

non

4.84 p < 0.00l
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excretion of the r latively large subcutaneous injection of
25 i.ue HCG used in the pretreatment. The importance of
gonadotrophing in the production and maintensice of the
ovarian vascula:x iree has been previously stressed by
ieynolds (1995)s Ilie has also shown that the level of
ovarian vascularisation is intimately associated with
ovarian activity. f(hus in this experiment up to the 6th to
Tth day after the injection of HCG the ovaries, presumably
8till under the influence of this hormone, are pink (hypere
active), soft, iadicating increased vascularisation ar:
inoressed metabolic activity which may well be associated
with cholesterol production and utilisation (Iable 9)e It
is possible that »s the hormone is exoreted the circulating
blood level of HCG will decrease until it ie below the level
which is capable of maintaining the high degree of vascu-
larisations A&t the same time it seems likely thet the
ovaria: mectabolic activity, and thercfore cholesterol utili-
sation, may decreasse, hence the marked incresse in cholesterol
storage. The large range on the 8th and 9th days after

HCG (see Mgure 12) ie probably due to the ovaries from the
5 animals in each group showing different stages in the
transition process between the gtate of raepid cholestercl
utilisation and decreased cholesterol utilisstion resulting

in cholesterol storage. 1t was thereforc decided to re-ine
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vestigate cholesterol depletion in response to LH, using
ovaries in whicl the cholesisrol content would be as unie-
form as possible, namely on the 5th and 11lth days after the
injection of LCG.

sxperiment (lime Hesponse Curve) - Fiure 16.

In all the previous experimentes the animals were killed

four hours after the intraperitoneal injection of LH. Tris
is the time suggested by rFarlow for the OAAD method. Figure
16 shows the results of a time res onse curve in which rats
were kllled from 1 to 5 hours after the injection of either
10 or 50 p of L. Maximum cholestercl depletion was found
to ocour at the end of 5 hours. OUn the basis of these
results it was decided to sacrifice the animals after 5
hours after the administration of the test material. This
procedurs has been adopted in all subsequent experiments.
Figures 17 to 21,

These f{igures show further attempts to charscterise the
dose-response curve of cholesterol depletion after the
administration of LH using rats which were lert for 11 days
after the HCG injection. Pive animels were used at each
dose level of hormone and the 10 ovaries oblwimed have been
treated as separate observations.

i 17

In this experiment & significant depletion of cholesterol

was obtained with 0.27 p of LHe It should be noted that the

cholesterol content increased at the higher dose levels.
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To try to eliminate the possgibility of the hormone being
adsorbed onto zlass 0.,1% gelatin was added to the saline
used for dilutiag the hormone. One group of 5 animals
received an injection of saline coataining gelatin while
another group were given saline alone. As would be expected
no significant effect on ovarian cholesterol was observed
in this last group.

Pigure 18,

The lowest dose level used was 0,012 p of LH and although
the ran:e of results was very high there was a considerable
depletion of cholesterol between 0,036 and 1.0 p. 48 in
the previous experiment the cholesterol content of the
ovaries started to increase at the higher dose levels.
Vigure 19,

The overall shape of the doseeresponse curve obta;ned
in this experiment was similar to that in the last experi-
ment over the same dose rangee. 1t should be noted that the
range of results was again very high,

Figure 20.

In this experiment the depletion of cholesterol which
was significant between 0.66 and 6.0 p was followed by an
increage at the higher dose levels. The explanation of
thie inorease in cholesterol at higher dose levels is obscure.
However, in view of the very high range of the results and

the non=uniformity of the ovaries it seems possible that
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this finding may be an artefact. It should be noted that
with a relatively high dosage of hormone the depletion
obtained was the same as with 6 p, LH.

Figure 21,

This Figure shows only the downward trend of the dose=-
responge curve between 0.1l and .0 pe A significent
depletion of cholesterol occurred between 0.35 and 3.0 p.
Figures 22 to 25.

These Figures ghow the results of experiments carried
out using rats which had been left for five days after the
injection of HCG. Again each group consisted of 5 animals,
It may be pointed out that at this period of pretreﬁtmant
ovarian cholesterol values were found to be more uniform
than at any other time.

Figure 22.

In a preliminary experiment it appeared that on the 5th
day after HCG the ovaries were less sensitive to LH than on
the 11lth day after [CG. Accordingly in this experiment
higher dosages of LH ranging from 1.0 to 125.0 n were used,
Considerable depletion of ovarian cholesterol was obtained
at all dose levels, Two points should be noted, firstly
that the range of resulis is smaller and secondly that the
cholesterol value in the control group ia lower than when

using animels on the 1llth day after HCG.
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Figure 23.
iith dosages of hormone ranging from 78 pg. to 10 n .

no sigﬁificanf depletion was observed,
Eigures 24 and 29,

In these experiments the dose levels of hormone were
comparable to those used in do:sc-response oufves carried
out on the 1llth day after HCG., No significant depletion
was obgerved and it would therefore appear that on the 5th
day the response to Lll is less sensitive than on the 1llth
day after HCG.

Conclusions.

The following conelusions may be drawn from the
results of the dose-response curves.

l, With rats on the llth day after HCG the depletion
of ovarian cholesterol from the control values ranges from
600 to 1,200 ug.

2 In groups of rats used oun the 5th day alter HCG
the maximum depletion obtainable amounts to not more than
300 ug of cholecterol per 100 mga of ovary. In view of the
finding that the respouse eppears to be less sensitive and
even though the range of results is smaller than in animals
on the 1lth day after HCG, the depletion is too smell and
the regression slope too flat to provide the steep dose-
response curve required for a workable essay method. This

latter finding is in conformity with that previously
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reported by Parlow (1961),
Table 10,

The dose levels of hormone found necessary to deplete
the ovarian cholesterol being found to be very small in
comparigson with other methods of assay for gonadotrophin it
was thought useful to try to show whether or not the de-
pletion of cholesterol seen in intact rats was a true finding.
Two experiments have been performed in which one ovary was
removed from each of a group of rats before injection of
either saline or LH. After 5 hours the rats were killed
and the second ovary removed, Table 10 ghows the results
obtained in one of these experiments for the ovarian
cholesterol in ugm/100 ng. ovarien tissue for the first and
second ovary, the percentage change and the mean percentage
change for control and treatment groups. Statistical
analysis showed that the control grc.. was significantly
different from the 1,0 p group at the 0,05 level, but was
not significantly different from the 0.2 p group unless the
value in bracketis was eliminated, As may be seen this
value was obtained from ovaries with an unusually high
cholesterol levels The following poiuts should be noted,.
Firstly, that the range of cholesterol values obtained
inside each group was very high, and secondly, that a
variable but considerable depletion was observed in the con=-

trol groupe It is possible that this may have been due to
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TABLE 10

RAT OVARIAN CHOLESTEROL

11th DAY AFTER HCG

Ist ovary 2nd ovary | % change | Mean
Control 1685 879 -48
1789 1033 -43
2141 1826 -15 -36
2054 1430 -30
2117 800 -62
1545 1302 -18
0.2 p 1865 672 -64
1403 587 -58
2174 1190 -45
3667 2643 [-28] -53
1585 841 -53
1580 570 -64
1.0 p 1021 486 -52
2015 740 -63
1421 711 -50
1961 820 -58 -56
3084 1524 -51
1480 567 -62
2939 1367 -54
Control
0.2 ] N.s.
N. S. < 0.02 >0.05

1.0 p
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the ether anaesthetic used during the removal of the first
ovarys Thirdly, that the injection of 1,0 p of LH depleted
the ovarian chi lesterol of one ovary when compared with
that of the other ovary of the same rat, This observation
supports the work in intact rats and suggests that the de=-
pletion of ovarian cholestercl by LH is a real finding and
not an artefact.

In view of this the rest of the investigation was cone

tinued with pretreated animels cn the llth day after HCG.

To provide information on the region of linearity of
the dose-response curve a total of 16 assays were performed
and the result of a typical experiment ia-iho'n in Pigure
26, The steepest part of the dose-response curve was found
to lie between 0.059 and 0,469 picograms NIH-LH and a
"working range" at dose lcovel of 0.06, 0.3 and 1.5 p NIH-LH
was adopteds In FPigure 27 are shown the data obtained in
five typical assays. In the majority of assays a signifie
cant depletion (P < 0.05) over control values was obtained
with 0,06 p NIHeLH,
uantitative assays.

A total of 16 assays are presented in Table 1ll.

AIH-LH was used as the reference preparstion and it should
be noted that all the gonadotrophins tested show a low LH

activity,.
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Reliability oriteria.
l. Frecision., Table 11 shows that figures obtained

for the index of precision (A) range from 0.13 to 0,55 but
are generally below 0.45.

2 Sensitivity. The dosages of the gonadotrophin pre-
parations employed in the quantitative assays are shown in
Table 12, The most striking feature in this Table is the
extraordinary degree of sensitivity of the test which for
all the hormones tested is approximately 5,000,000 times
more sensitive than the 0AAD method,.

3» Specificity. When given in the dosages states
previously (Table 8) prolactin, growth hormone and ACTH had
no effect on the level of ovarian cholesterol. On the other
hend TSI produced a marked depletion of ovaerian cholesterol
(p > 0,001 > 0.,01) at both dose levels tested but this
effect is almost certainly d. .. to the contamination of the
TSH preparation with LH.

The results obtained when various hormones were given
in combination with KIH=-LH are shown in Table 13. It will
be noted that following the administration of prolactin,
ACTH and TSH, the fiducial limits of error (P = 0.95) include
the figure of 1,0 indicating that the meteriasls tested did
not interfere with the response of LH, 1In two of the three
assays in which growth hormone was added the limits did not

include the fiuure of 1.0.
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Comparison of OAAD test with ovarian cholesterol depletion
OCD) test.

In Table 14 is shown the potency of various gonado-

" trophins when assayed by the OAAD and (OCD tests in terms of
NIl-LH, In the case of the OAAD method the [igures are
taken from the paper by Schmidt-Elmendorff and Loraine
(1962). Indices of discrimination (OCD/OAAD tests) were
caleculated by the method of Gaddum (1955) end are shown in
Column 4 of the Tables In all cases the indices are close
to unity suggesting that both assay procedures provide an
estimate of the same active principle.

Table 15.

This Table shows the result of bioassays performed
with the 24-hour pooled urine samples of a normally men=
struating, parous, cyclic 'oman.aged 23« The first day of
the urine collection was on the second day of menstruation.
Appropriately diluted urine samples without any previous
extraction were used for the assays. The unextracted urine
samples without any preliminary processing had to be diluted
to the extent of epproximately 1 &t 1,000 or more with normal
galine to obtain the slope. [NG=24 was used as the standard
preparation, and results have been expressed in NG units/24
hours.

It may be observed from Table 15 that a detectable but

variable smount of LH is excreted through all the different
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IABLE 215
HORMAL _CYOLE
Day "RaPe Fidncin !
Spec, of 24hr, Design DG units/  limits
_No. Cyele wol, N 2ube,  (Pe0,95)

1 2 820 24+20,52 1,50 Ok = 3,9
2 5 950 030 2,3 0,96 = 4,19
3 L 1650 "O0M6 5,87 1,76 = 13,09
4 5 920 " 057 1,02 0403 = 3,13
5 6 7.0 * 0,57 0,68 0,01 = 2,14
6 7 820 " 0,37 2,08 0,75 = 4433
7 8 70 " 055 5.8 1.81 « 29,65
8 9 820 " 046 1,01 0,17 = 2,35
9 10 1540 " Ok 5.8% 2,0 = 19,86
10 11 1220 " 0M2 LSk 1,18 - 10,76
11 12 1020 L - .+ NRSEE P ;] Lo75 = 13.9%
12 13 970 " 0A5 T7.87 3407 = 21,6k
13 i 710 " 0,28 69,6 30,6 <=157.3
TR A S i f{:ﬁz;m.u"gﬁm L
15 16 520 " 039 0,53 0,06 = 142
16 17 8% " 035 0,60 0,12 = 1,35
17 18 710 " 035 2424 0,73 = 427
18 19 670 " 032 2,9 1,71 = 5,48
19 20 760 " 0,38 1,00 021 = 2,27
20 21 950 " 02 3k 2,34 « 5,09
21 22 70 " 02 1,57 097 = 2,5,
22 23 1290 " 0,29 2,11 1,27 = 3452
23 2y 450 " 0,28 2,65 1,62 = 4,35
2k ‘25 83

25 26 140 " 02 482 %400 = 5,83
26 27 1940 " 0,1 6,28 5,29 = 754
27 28 690 " 048 22,91 9439 =147 454
28 29 1030

29 30 660 " 048 7,03 246 = 19,82
30 31 1360
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phases of the menstrual eycle. The marked rise in LH
excretion on the 14th day of the cycle is noteworthy,.
Although no conclusive rimarks can be made from studying
only one cycle, it seems that the transient but sharp rise
in LH secretion from the pitultary at the time of ovulation
does occur.

DPable 16s

This Table shows the result of 11 bicassays performed
with the samples of 24~hour pooled specimens of urine from
children aged three weeks to nine years. The urine samples
had to be diluted and used for assay in the same way as in
the case of urine from cyclic female subject studied.
Results are expressed in HMC unita/24 hours.

Table 17,

Table 17 shows the result of biocassays performed with
the blood plasma of the children studied as shown in the
previous Table (Table 16). For children, the urine and
plasma samples had to be diluted to approximately the same

extent (approximately 1 s 99).

DISCUSSION,

The effect of gonadotrophic hormones on ovarian
chelesterol has previously been studied by Claesson and
Hillaxp (1947 a., be) who employed histochemical technigues

and demonstrated that when a very large dose of PUSG was
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administered to rats and rabbits a fall in cholesterol
ensued. Some years later FParlow (1961) using rats pretreated
with FPM8G and HCG and Franchimont and colleagues
(Franchimont, 1962; Franchimont and Cawenberge, 1962)

using intact immature and adult rats obtained similar
results but none of these investigators were able to estabe-
lieh a satisfactory dose-response relaticnship between the
gonadotrophin tested and the ovarian cholesterol level,.

In view of the resulis shown earlier in this chaptler
of the thesis, it seems that a fairly satisfactory dose-
response relationship with relatively sieep regression
between the falling ovarian cholesterol level and the
amount of various LH preparations can be obtained. It is
possible that Parlow (1961) wes not able to find out this
steep regression slope because of the fact that he was
dealing with ovaries from animals which had thelir last pree
treatmont (HCG) injection between 5 and 8 days previous to
the day of the assay. 1t has been shown that the ovaries
are able to accumulate comparziively much smaller amounts
of cholestercl at thie period af'ter the pretreatment., It
has been pointed out previously that the regression curve
for the cholesterol depletion assay is considerably flatter
when animals are used earlier then the 1llth day after they
get their HCG pretreatment. I{ secems that this pretreatment

condition is eritical for obtaining the comparatively
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steeper regression slope necessary for quantitative bio=-
assays. As will be further discussed later, the final
details of the pretre-tment procedures are most probably
intinately associated with the mechanism of the whole proe-
cedure, In view of the apparently different conditions
necessary for these two assays (OAAD and cholesterol
depletion assays) it appears that the biochemical reactions
involved in them are essentially disasimilar,

The main ndvantage of the OCD test as described herein
is its very high degree of sensitivity, the technique being
approximately 5 million and 150 million times more sensitive
than the 0UAAD and hypophysectomised rat prostate tests res-
pectively. The extreme sensitivity of the procedure makes
it eminently suitable lor application to clinical problems.
Preliminary evidence indicates that it will no longer bhe
necessary to cuncentrate the LH activity of body fluids
prior tobioaasay and that a satisfactory response will be
elicited in the experimental animals following the adminise
tration of diluted urine or plaama. The high degree of
gsensitivity of the response may be explained on the basis
of biological rebound phenomenon. It is possible that
following utlization and exoretion of the large amounts of
injected FHSG and HCG the ovaries asre left eventually with
large numbers of corpora lutes but without any gonadotirophic

hormone to stimulate this highly reactive luteal tissue,
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As explained before, the secretion and/or release of
endogenous pitultary gonadotrophin (if indeed any is present
in these immature pituitaries) is also most probably come
pletely inhibited by the !arge amounts of ovarian steroids
produced by these animals in response to administered PNSG
and HCGs It seems that an experimental condition is proe=
duced in which a large amount of highly reactive luteal
tissue is present without any (exogenous or endogenous)
gonadotrophin to stimulate it. It is probable that compara-
tively small amounts of an administered gonadotrophic
material are able to stimulate the ovaries under this unigque
experimentael condition, The ability on the part of the
ovaeries of the intsct animels which were 36«37 days old on
the day they were used for the cholestercl depletion assay,
to respond to such a small dose of LH seems to be interesting.
It is possible that the pretreatment procedure used before
the assay might be involved in suppressing the production
end/or release of gonadotrophic hormoses from the pituitary
by a feed-back mechanism, Pretreatment with very large

doses of PMSG and HCG stimulates the production of large
amounts of steroid hormones frem the ovaries of these animals.
It is poscible that large amounts of these circulating
ovarian steroid hormones completely inhibit the gonadotrophiec
function of the pituitaries of these immature rats.

The effects of oestrogen on the sescretion of gonado-
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trophins by the anterior pituitary are complex (Sawyer and
Markee, 1959)s This grour of steroids appear to have a

dual capability of stimulating and inhibiting gonadotrophin
secretion. For example, cestrozens can inhibit ovarian
development in the imnature rat by suppressing gonadotrophin
release (Leonard et al., 19523 l!ore et al., 19%2), whereas
on the other hand, injection of oestrogen can induce ovue
lation in pregnant rats (Everett, 1947) and can advance ovue
lation in cyelie rats (Parlow, 1959), observations inter-
preted to mean that a release of LH has occurred. Ovariec=-
tomy on the other hand with removal of both ovarian steroids
from circulation leads to eleveted levels of LH in both
plasma gnd urine, suggecting that removal of the inhibiting
effects from ovariasn steroids leads to increased rates of
synthesis and secretion of LI (Parlow, 19593 Teleisnik and
leUann, 1961)s MeCann and Taleisnik (1961) using the
ovarian ascorbic acid assay for LH were able to find detect=
able quantities of LY in plasme of ovariectomised donor rats.
The LH activity of ovariectomised rat plasm= was decreased
by a single subcutaneous injection of oestradiol benzoate.
Horibe et al, (1961) pointed towards the poseibility that

a part of a steroid compound may be converted into some
orstrogen~like substance in the body in amcunts suffiocient
to inhibit gonadotrophin seoretion from the pituitary but

tot enough to affect peripheral target organs.
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The main disadvantage df the OCD method is its re-
latively low degree of precision. 'he index of precigion
(A) is generally above 0,35 and the procedure is therefore
iasa precige than either the 0MAD or hypoohysectomised rat
prostate testse "he final determinzation depends on the
measurement of the total ovarian cholesterol but it has been
shown that the precision of the method cannot be improved
by measuring cholesterol in either its free or esterified
forms., The main techuical difficulty which has been encoun-
tered is the lack of uniformity of the ovaries in any given
agsgy in relation both 10 ap.earance and to cholesterol
contenty this necessitetes the admiiistration of the
staadard preparation in all‘asaays. It should ve emphasgised
that the findings reported in the vrescnt study were obtained
using rats ol the Wistsar strsin bred in a closed colonys.
Furiher experience is required to determine whethsr the
procedure will yield reproducible results in animals of
various strains bred under different envirormentasl conditions,

Specificity testis ﬁave showin that neither ACTH or
prolactin affects the responses Vhen TSH was administered
a depletion of ovarien cholegiercl oeccurred but it is proe
bable that this w.s due to the contemination of the THUH pre=
parstion used with LH (Butt, tockell=isriree and FKirkham,
1965). Urowth hormone given alone had no apparent effect

but in two of the three¢ assays in which combirations of
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growtn hormone and LH were administered the fiducial limits
of error did not include the figure of 1.0 (see Table 4)
suggesting that growth hormone had interfered with the res=-
ponge to Lis 1i should however be noted that the dosage of
growih hormone used was more than 1,000 times greater than
that of LH and was therefore grosely in excess of the
amounts which mizht be expected to be present in human body
fluids in normal and pathological conditions., F3l pree
parations appear to affeet the OCD test only in relation
to their contamination »ith LK and it is of intexrest to
note that the LH content of HlH=FSH = 0,947 = found in the
present spiudy agrees well with the [igures quoted by Parlow
(1961) and by Jchmidtetlmendorff and Loraine (1962) using
the OAAD method, »nd by 'renkle, Li, 3adri and liobertson
(1962) using an immunochemical technigjues

1t is widely velieved that sudden release of LH from
the pituitary gland is associrited with the phenome:ion of
ovulation. The sharp increase in LH excretion at the mid=-
cycle (lable 15) supports this view, In the past few years
there has been considersble differencess of opinion regarding
the possible existence of two biolosically and chemically
distinct separate gonadoiropbic hormones in the urine of
non-pregnant subjects. Segaloff et ale. (1954) suggected

that human urine contained a single homogeneous gonado-
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trophic fretor ecspable of exhibiting both follicle-stimu~
lating »nd luteinizing activitiess This view is not
gencrally favoured (Loraine, 1958), Later on Steelnan
et al, (1959) and later still Butt, Crooke and Cunningham
(1961) have shown however that it is possicle to extract
relatively purified F3H or LH rich materials {rom human
urine.

A number of investigntors includiasg Smith snd Smith
(1936), #linefelter et al. (1943) and i'cdersen-Bjergaard
and Tonnersen (1948) investigated the 11/'G exeretion during
the normal menstrual coycle. lieller et ai. (19:L4) and kain
et al, (1943) could not find any persistent single midoycle
peak of HPG excretion in norsal cyclic women, Bahn et al,
(1953) stated that PG excreted by normally menstruating
women at all stages of the cycle was predominantly FSH in
nature, More recently, llicArthur (1952) and Loraine and
Brewn (1956) using specific tests have demonstrated that LH
activity is prescnt in menstruating female urine at a2ll
stages of the cycle.

Although it is generally agre¢ed now that the ilG in
normal menstruating women pussesses both FSH and LH activity
the status ol gonsdotrophic hormones during the human inter-
menstruum has not been clearly deif'ined so far. There seems
to be certain amount of confusion regarding the biclogical

nature of the HI'G exereted during the mideycle (at the time
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of ovulation). Biocassays carried out with methods specific
for LH (MeArthur et al., 1958, 1961) have shown that there
is inoreased excretion of LH at the time of ovulation. On
the basis of non-specific assay methods some of the earlier
workers (1'Amour, 1943) cldimed that the gonadotrophin peek
was the moat reliable index of occurrence of ovulation.
Loraine and 8ell (1965) reported that midcycle pesks of
HPG excretion as found out by the mouse uterus test were
demonstrzble only in a smell perceniage of normal ovulatory
oycless It was also reported at the same time that the
mideyecle peak of gonadotrophin when it occurred, either
Jjust post-dated or co~incided but never preceded the mide
cycle (follicular) peak of oestrogen excretion. The mid=
cycle peak of cestrogen is generally believed to occur at
the time of ovulation,.

McArthur et al. (1998) claimed to have shown a quali-
tative change in the HPG excretion to occur at the midcycle.
Segaloff (1961) postuleted the existence of a "separable"
LH fraction, which was supposed to be only a smsall fraction
of the "total urinary LH activity". However, according to
this observer the "separable LH" fraction rether than the
rest of it which he believed "to be inherent in the FSH
molecule" was more important as a reflection of "ecirculating
effective LH", Segaloif was of the opinion that any assess-

ment of even large shifte in the "separable LH" fraction
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had not been possible due to lack of a sufficiently sensi-
tive method for the quantitative determination of LH
activity, Purshottam et al. (1962) using imwunological
teohniqqoa reported the possible secretion during mideycle
of a gonadotrophic prineiple immunoclogicelly identical to
HCG.

Tre occurrence of increased gonadotirophin excretion
following ovulation but not preceding the phenomenon would
sugpest smongst certain other possibilities either (=) that
the pituitary secretion ¢f gonadotrophin is stimuleted by
the seoretion of the steroid hormones from the q&ary
occurring at the time of ovulation, or (b) that some other
ovulation-dependent Lil-li'e gonedotrophic material is
secreted from tissues other than the pitultary gland. The
prescnce of an unfertilized ovum in the progesterone pre-
pared uterine cavity has not been so {ar reported to pro-
duce any gonadotrophic principles In view of Purshottam's
finding (Purshotiam et als, 1962) that gonadotrophic
material immunologicallyidentieal with HCG is obiainable
froﬁ the midcycle speciuwen of non-pregnant urine, the
elaboration of HCO-like muterial from the secretory endo=-
metrium (possibly evoked by the presence of an unfertilized
ovum) is a speculative probability. The finding that
large amounts of purilied pitulitary LH would csuse depression

rather than stimulation of mouse uterine response to urinary
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gonadotrophin extracts (see Section III), along with the
finding thet very low aes well as relatively large doses of
HCG are capable of stimulating the mouse uterine response
to FPSH (see Section III) suggests that the gonadotrophic
material capable of augmenting the mouse uterine response
to midcycle urinsry gonadotrophin extracts umight have
biological identity with HCG. The relatively frequent
ococurrence of a '"gonadotrophin peak" at the time of
menstruation may be related to the disintegration of the
secretory endometriume It may be noted that all the
specific assay methods used so far for measurinug the LH
activity are unavle to differentiate the LH activity
associated wiih HCG from that associated with other gonado-
trophic materiels such as HMG, PHMSG and purified pituitary
gonadotrophins,

Very little information is available regarding the
excretion of gonadotrophing in young children (Nathanson
et al, 19413 Catchpole et al., 1938)s Due to the lack of
satisfactory assay methods it hes not been possible to
measure the LH excretion especially in children. The
resulta obtained as shown in Table [6 suggest that LH is
excreted in detectable amounts in young children. It is
noteworthy that in the child at three wecks of age there
is very little but still detectable amounts of LH., It may
also be seen from thie Table that the urinary excretion of

LH gradually increases with age.
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Attempts have been made from time to time to measure
the gonadotrophic activity of human blood (Loraine and
Apostolakis, 19613 MeArthur and Antqniadea; 1961). Due
to the relative insensitivity of the methods and consequently
the large volume of blood necessary for even a single esti-
mation, determination of blood gonadotrophin has rarely been
uged clinically. Using the cholesterol depletion aseay
method it has been possible to measure the LH content of

unprocesged plasma samples from children,

SULMARY,

A new assay method of luteinizing hormone (LH) activity
is described and ite reliability criteria assessed. The
techiique depends on ovarian cholesterol depletion in
intact immeture rats pretreated with pregnsant mere's serum
gonadotrophin (PMSG) and humen chorionic gonadotrophin
(HCG).

The main advantage of the ovarian cholesierol depletion
(0CD) test is its high degree of sengitivity, the procedure
being approximately 5 millicn times more sensitive than the
ovarian ascorbic acid depletion (CAAD) method. The chief
disadvantage of the techaique is its relatively low degree
of precision.

the LH =«ctivity of verious gonadoirophin preparatiuns
has been determined using the 0CD test. The results

obtained agreed well with those found by the COAAD method,
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In 1958 Parlow introduced a new method for the gquan-
titative determination of 1LH activity in anterior pituitary
extractss This method, which employed intact rather than
hypoohysectomised rats and in which the materials uander test
were injected intravenoualy under ether anaesthesia, had as
its end point the depletion of reduced ascorbic acid in the
ovaries of rals made pseudopregnant by the administration
of relatively large quantities of pregnant mares serum
gonadotrophin and human chorionic gonadotrophin. The test
was claimed by ite originator to be both specifie snd
gengitive and it appenred possible that the technique might
be suitable for the measurement of LH activity in extracts
of human urine.

dthen experiments involving urinery extracts were cone
ducted it became apparent that the method in the form
described by Farlow was unsatisfactory for elinical appli=-
cation for two main reasons (SchmidteSlmendorff and Loraine,
1962), In the firat place toxic effects were frequently
encountered in the experimental animals and secondly there
was a high proportion of invalid assays due to significant
deviation from parallelism between the dose-response curves
of gtandard and unknown preparations. In view of these
difficulties it was decided to investigate the possibility
of modifying the assay method so ns to make it suitable for

clinieal application. Three possible methods of approach
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to this problem were tried.

Firstly it was decided to measure dehydro ascorbic
acid and glutathione, slong with reduced ascorbic acide It
wag hoped that the dehydro=sscorbic scid (and glutathione
with which the oxidation of ascorble acid is closely falated)
rather than the reducal ascorbic acid would reflect any change
in the ascorbic acid metabolism following LH administration.
The significance of ascorbic acid in tissue netabolism is
obscure at present. Due to its reversibly oxidisable and
reversible nature ascorbic mecid has been assumed to perform
some fundemental role in tissue oxidation., It was thouzht
possible that the ovarian sscorbic acid found to have been
depleted foilowing LH administration was invelved in the
ovarian cellular oxidative processes, In conformity with
the events occurring during biological oxiddion in other
tissues it was assumed that a proportion of the ascorbic
acid thus involved in cellular oxidation wae likely to be
oxidised, The method of sscorbic acid estimation used by
rarlow (1958, 1961) and subsequently by Schmidteilmendorff
and Loraine (1962) measures only the reduced form of
ageorbic acide For this reason it was not possible to
determine either of these forme of ascorbic acid specifi-
cally. Dehydro-ascorbic acid the reversibly oxidised,
biologically mctive furm of ascorbic acid, does not possess

the reducing properties, hence must be reduced by some



reducing agents (e.ge hydrogen sulphide) before it can be
determined with oxidising agents such as 2.6 dichlorophenol=
indophencl,

Secondly, an attempt was msde to incorporate two
pituitar, gonadoirophin inhibiting agents, stilboestrol
and a dithiocarbamoylhydrazine derivative (compound 33,828,
supplied by the Imperial Chemical Industries Limited) in
the pretreaiment procedure. It may be recalled that intact
immature rather than hypophysectomised animals are used for
the OAAD methods. The animals are a.proximately 32 - 35 days
old on the day they are used for the assay. Although
practically nothing is known at present as to whether any
amount of endogenous ecirculatiag LIl ie present in these
animals at the time they are used for the assay, it was
thought possible that 'he prescnce of variable amounts of
this hormone weg interfering with the predsion and sensi-
tivity of the assay methods Hence it was hoped that by
incorporating potent inhibitors of pituitary gonadotrophie
function it would be possible to improve upon the existing
precision, reprodueibility and sensitivity of Parlow's
ovarian ascorbic mcid depletion assay.

The third method of approasch with the view of improving
the existing OAAD mssay was aimed at making it more prac-
ticable and suituable for elinical applications It has been
shown by SchmidteLlmendorff and Loraine (1962) that apart

from its comprretively low degree of onrecimion and repro-
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ducibility as a specific method for guantitative estimation
of LH activity the OAAD assay ie quite satisfactory only

for highly purified gonadotrophin preparations but not for
relatively crude urinary extracts. It was found by these
observers that relatively crude urinary gonadotrophin
extracts when injected intravenously as advocated by Parlow
(1961) very often produced toxic effects on the experimental
animalgs, With a view to reducing this problem of toxicity
it was decided to investigate the possibility of performing
the OAAD assay using intiraperitonesl rather than intravenous
administration of the test material, It is poasible that
the high percentage of invalid assays obtained by Schmidt-
Elmendorff and Loraine (1962) when using the OAAD assay

for crude urinary extracts were partly due to toxicity. It
was also expected that the comparatively simpler intra-
peritoneal administration if otherwise satisfactory would

greatly increase the practicability of the OAAD progedure,



CHAPTER I
DEHYDRO-ASCORBIC ACID AND GLUTATHIONE CONTENT OF

PSEUDOPREGNANT RAT OVARIES
FOLLOWING . LH.ADMINISTRATION.

IHTRODUCTION.

Jince the original observation by Sayers and Long
(1244) that adrenal ascorbic acid decreases in response to
stress or ACTH stimulstion, ovarian ascorbic acid in intact
imnature pseudopregnant rsis has been shown to decrease
following the administration of luteinizing hormone (Parlow,
1958). Slusher and Roberts (1957, 1960) appear to have
resolved the controversy as to the fate of the ascorbic
acid lost from the adrunal by showing that ascorbic acid
lost from this gland can be recovered in adrenal vein
effluent. Similar informaticn about the ovarian ascorbie
acid is not yet available, and the fate and physiclogical
role of this substance in ovarian and adrenal metabolism
has not been established so far. Because of the high cone
centration of adrenal and ovarian ascorbie acid in the
resting gland and the time relaticusiip of its depletion
to cholesterol depletion and stercid seeretion, it has been
suggested that ascorbic acid may play a primary role in
steroid biosynthesis (iincusl 19513 Meikeljobn, 1953).
Several inveatigatora'have presented evidence which in fact
supporis quite opposite hypotheses regarding this role
(Hayano et al., 19563 Kerstien et als, 1950).

It ie known that the ovaries contein significant levels
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of glutathione and further, that this substance can be
oxidised chemically by dehydroeascorbic acid (Szent-Gyorgyi,
1928, 1951)s, A parallel relaiionship between glutathione
and ascorbic acid has been reported in adrenal tissue
(Goldzieher et 8l., 19533 Lazarow, 1954)s In view of the
importance of glutathione to the regulation of protein,
disulphide-sulphydryl interchange reections (Hopkine, 1925)
and the above indicated relationship of glutathione to
asgorbic acid, the possibility that changes in ascorbic acid
concentration might influencs the disul phide=sulphydryl
ratios of the ovarian tissue proteins seemed possible, The
purpose of this investigation was to determine the state of
oxidation of ovarian ascorbic acid and glutathione, and to
use if found suitable the oxidised (dehydro) ascorbic acid
and glutathione instead of total or reduced ascorbic acid

ag a possible paremeter for meamsuring the luteinizing
hormone activity in intact imuature rats made pseudopregnant
by pretrestment with PMSG and HCG. In this way it was hoped
that by measuring dehydro-ascorbic acid snd glutathione which
were more likely to reflect any change in the ascorbic acid

metabolism, the precision of the existing OAAD assay will

be improved.

Lstimation of lleduced Ascorbic Acid.

Ovarian ascorbic acid was estimated according to the
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method described by Mindlin and Butler (1938).

The weighed ovaries were ground in a mortar and pestle
with 10,0 ml. of 2.5 per cent metaphogphoric acid solution.
The extract was then filtered. 2.0 ml. of the clear
metaphorphoric acid extract was mixed with 2 ml. of stan=-
dardised 236 dichlorophenolindophenol solution in a test
tube and read immedimtely in a spectrophotometer. The
dichlorophenolindophenol solution was prepared in the
following way. 12.0 mgs. of the dye were dissolved in
40,0 mle of distilled water which was the: mixed with
280.0 ml. of sodium acetate solution (18.16 gms. of sodium
acetate in 400 ml, of distilied water - pH of the solution
adjusted to pH 7.0 using glacial acetic aeid ond H/IO
sodium hydroxide solution). The dye solution was prepared
fresh on the day it was used and the dye concentration
adjusted by diluting it with the sodium acetate solution.

The amount of reduced ascorbic acid was determined
from the calibration curve prepared with known smounts of
pure ascorbic acid solution.

kLstimation of Dehydro-Ascorbic Acid.

Uehydro=-ascorbic acid, the reversibly oxidised, bio=

logiorlly active form of ascorbic acid, does not posseas
reducing properties, hence must be reduced before it can
be determined with oxidising agents such as 216 dichloro-

phenolindophenols Hydrogen sulphide has been used most
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frequently for this purpose but this reagent has been
criticised on the ground that it produces other reducing
materisles which interfere with the 216 dichlorophenolindoe-
phenol reaction. This objection is valid when simple titri-
metric methods are employed for the determinstion of
ascorbic acid. lHowever, little interference arises from
this source when very rapid photoelectric methods are
employed (Hawk et al., 1954)s Accordingly the photometric
method described by Hochberg et al. (1943) was used for the
determination of dehydro-ascorbic acide To 4.0 ml. aliguot
of the metaphogphoric acid extract filtrate taken in
stoppered test tubes from the samples used for the reduced
agcorbic acid estimation a stream of hydrogzen sulphide was
passed for ten minutes. 7The tubes were stoppered and
allowed to stand overnight in e refrigerator; then the
hydrogen sulphide was removed by bubbling nitrogen through
the mixture. Each of the tubes was then tested with lead
acetate paper to test for any residual hydrogen sulphide,
2,0 ml., aliquots from each tube were then mixed with 2,0 ml.
of the standard dichlorophenolindophenol solution. The
tubes were resd immediately in a apeotrobhotometer. The
difference between the values oblained with and without
hydrogen sulphide treatment was regarded as the measure of

dehydro-ascorbic acid.
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Letimation of Glutathione !GSH!.

Glutathione in ovarian tissue was estimsted according
to the nethod described by Woodward and Fry (1952).

the weighed tissue was thoroughly ground in a mortar
and pestle with 8 ml. of distilled water, 1.0 ml. of molar
(22.0 per cent) solution of sulphosalicylic acid was the:
added and the extract was filtered. 5.0 ml. aliguots of
this filtrate were titrated as followst after the addition
of 1.25 ml. of 4% sulphosalicylic acid, 1.25 ml. of 5%
potasgium iodide containing o0 trace of free ilodine, and one
drop of 1% starch solution (1% solution of soluble starch
in saturated sodium chloride), 0.001 N potassium iodate
solution made up in 2 per cent sulphosalicylic acid was
run in with care from & microburette until the firat blue
colour persisted., DIuring the titration the tube was placed
in a beaker of water adjusted to a temperature of 19—2000.
Potassium iodate solution was made in the following manners:
0.1785 gmes of potassium iodate was weighed accurately and
was the: made up to 1.0 litre with distilled water in a
volumetric flask. This gave an 0,005 H sclution and could
be kept indefinitely. The 0,001 N solution used in the
titration was made by combining 50 ml. of this and 22,8 ml,
of the molar sulphosaliecylic acid and diluting to 250.0 ml.
in a volumetric flask. A fresh solution was wmade from the

stock solution at least once a week, "The factor was also
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determined by comparing the thiosulphete titration of 10 ml.
of the 0,001 H iodate with that of 2.0 ml., of the 0,009 N
icdate.

OAAD Method,

These were conducted in the same way as desoribed by
Parlow (1961) and by Schmidt~Elmendorff and Loraine (1962,
1962a.). <The method bas been desoribed in detail in the
next chapter of this thesis,

RESULTS.

These are shown in Tables 18 and 19 , It may be seen
from either of these Tables that there is cunsiderable
depletion of reduced ovarian ascorbic acid in respouse to
both the dose levals of LH stimulations It may also be
seen that the ovarian dehydro-sscorbic acid and ovarian
reduced glutathione values following LH administration are
not significsntly different from the control,

DISCUSSION,

The result of this investigation indicates that the
depletion of ovariasn ascorbic acid in pseudopregnant rats
in response to the administration of lIH-LH is not
associated with any simul tineous alteration of the ovarian
dehydro-ascorbic acid and glutathione. Hence it seems that
under the experimental conditions originally described by
Parlow (1961) the possibility of ueing ovarian dehydro-
ascorbic acid or ovarian glutethione rather than mduced

ascorbic acid as an index of LH activity, is remote. On
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TABLE 18

RLDUGED ASCORBIC ACID. DEHYDRO-AﬁCORBIC ACID AND

FOILO@ NG HISTRATION OF 0.3 AND 1. NIH-LH
Dosage of Heduced Dehydro= Reduced
NIH-LH ascorbic acid ascorbic acid Clutathione
administered ua/100ng ug/100mg pg/100ng
118.8 10.2 416.8
100,7 117 396,2
¥il (Control) 120.2 18.6 438.7
106.4 15.4 218,6
9845 13 3100
Hean 108.9 12.6 356.0
90.6 1443 29245
82.5 11,0 261.1
0e3 pg T84 13.5 33645
7643 6.2 320,0
82,0 7.8 42643
Mean 81.9 10.5 361.2
5641 T4 401,.3
62.5 0.8 423%.6
1e5 pg 62.0 12,5 268.7
1.4 18,1 37940
94.3 _16.2 3222
Mean 61.2 12.8 358.9
Control ’ g
005‘18 ﬂIH-LH 518. HaSe l‘i.s.\
O.5pg NIH-LE Sig. N.S. ¥.S,

1.5u8 NIH-LH
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TABLE 1

HEDUCED ASCORBIC ACID, DEHYDEO-ASCORBIC ACID AND
GLUTATEIONE CONTENT IN PSEUDOPHEGHANT RAT OVARIES

POLLOWING THE ADMINISTRATION OF Oe3 AND 1.5 pug NIH-LH

THIAE | aadurute aeif asiariic naig Uletatiiose
administered +8/100mg ug/100 ng e

92,6 8.9 269.3

118.4 l18.1 362.4

Nil (Control) 123.5 8.7 222.3%

100.0 Tel 415.5

05.1 _20.1 401.3

lean 107.9 12.5 33442

90.4 T8 314.0

87.8 12.3 322.0

Oed pg 8l.5 17.5 462,6

T7e1 15.3 19645

1846 9.8 458,9

Mean 83.0 12.5 34448

7045 Te5 514.1

61.3 18.8 363.8

52e¢4 16.2 321.5

51.9 10.1 35644

56,0 22,3 286.6

Mean 58+4 14.9 368.4

Sige N.S. H.S,
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the basis of these experimente it is not possible to predict
the behaviour of dehydro-ascorbie acid or glutathione in
response to higher or lower dose levels of LH than used in
the experiment (0.3 and 1.5 pgs of HIH-LH).

It seems therzfore that the mechanism lemding to the
depletion of ovarian ascorbie acid in pseudopregnani rats
ig not due to the oxidation of ascorbic acid and consequent
oxication of glutathione by the dehydro-sscorbic acid. It
is possible that the chgerved depletion of reduced ascorbic
acid is due to the esc=pe of this substance from the ovary
rether than due to being involved in metabolic processes
in the orgen. It hes been shown previously thet the sscorbie
acid lost from the adrensls in response to ACTH stimulation
can be gquantitatively recovered (rom the adrenal venous
effluent (Lahiri and Lloyd, 1962). Lahiri end Lloyd (1962)
and later on Harding and Nelson (1963) heve shown that the
depletion of adrenal reduced ascorbic acid in response to
ACTH stimulation is not associated with any simultaneous
alteration in the adrenal content of dehydro-asscorbic acid
and glutathione,

The mechanism of ovarisn ascorbic acid depletion in
responge td LH stimulation is obscures It is generally
postulated (without much experimental evidence) that the
depletion of ascorbic acid is somehow related to the

mechanism of synthesis oy liberation of steroid hormones
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of the ovaries from their preoursors. It has been shown in the
previous seciion of this thesis that depletion ol ovarian
choleaterol occurs from the pseudopregnant xat overies in
response to very small (0e3 picograms of NiHeLii) dose of LH
atinulation, This dose level of [lli=Lll necessary to deplete
ovarian cholestercl is much smaller than that necessary to
deplete the ovarian ascorbic ascid under identical experi=-
nental conditions, At present it ias not poseible to predioct
the fale of the esterified cholesterol found to have been
logt from the ovaries in response to very small dose of LH
stimuiation, lere agmin it is only likely that the lost
esterified cholesterel is utilised for the synthesis of
ovarian ptercid hormones or some of their precursors.

Apart from cheolesterol depleticn and ascorbic acid
depletion, thr.e other well recoguised ovarian pheuncmena
associated with the administration of different dose levels
of purified pituitary Ll (KIii~LE) have been rejorted. These
are the phenomena of {(a) ovulation corpus luteum formation
and subsequent deposition of esterified cﬁoleatarol in the
ovaries described in Chapter I, Section I of this thesis,
(b) increased uptake of glucoss and oxygen (Armstrong, 19613
Armatrong @t aley 1963), and (¢) inoreased rate of blood
circulation (Ellis, 1961, 196la.y Parlow and keichert,
1963)s Curiously enough, using all these apparently

unagsociated phenomens ns the parsmeters, the potency of LH
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activity obteined from various gonadotirophie preparatione
has been found to be very much the same. This cbservation
strongly suggests that the biologicel activity measured by
these apparently unrelsted parameters is essentially the
same. This also suggests that the biological reactions
invelved represent s chain of natural events rather than a
geries of unrelated artefacts as claimed by certain
observers (Nalbardov, 1961). Not cnly thia, in spite of
the euvormous variability of sensitivity of these different
methods, quantitatively each of these very different res-
ponges bears a constant -elationship to the other., In other
wordsy for example, the amount of cholesterol depleted in
regponse to 0.3 picograne of HIHeLH bears a constant re=-
lationship to the amount of ascorbic szcid depleted in res-
ponse to 0s¢3 pg of NIH=-LHs Again the amount of ascorbic
acid liberated in response to 0.3 ug of HIl-LH bears a con=-
stant relationship to the amounts of incresse in the oxygen
uptake and glucose utilization in response to the same
quantity of the hormone., Again both the amount of eaterified
cholesterol depleted in response to 0.3 picograms of NIH-LH
and the amount of ascorbic aclid which can be depleted in
reasponse to 0.3 pg of NIli-LH, bears a gonstant relationship
to the amount of incrense in ovarian blood circulation
brought about by 1.0 ug of NIHelLH, From the point of view

of reliability and specificity of bioassays this is rather



convinoing. Decause, it seems, thet in spite of the
apparently unrelated and varying nature of these biological
reactions used as end points, essentially one and the same
material, i.e. LH, ia being measured each time,

Perhaps snother direct corollary of this interesting
observation, viz, the apparently qualitative difference in
response brought about by guantitative difference of the
stimulus, is that the gqualitative difference is more apparent
than reals On the basis of what is known about the funda=-
mental relationship between a biological response to a bio=-
logical stimulus, it seems that all these apparently un=-
related biological resyvnses used as end-points of different
bioassays for LH, asre, in fact, only the different integral
parts of a single chain reaction. Iurther investigations
of these individual biological reacticis on quantintive
bases followed by eventual establishment of their mutual
relationship are likely to elucidate tie fundamental
mechanism of action of luteinizing hormone.

The results of investigations in relation to the possi-
bility of measuring dehydro-asacorbic acid and glutathione
(instead of reduced ascorbic acid) as an index of LH activity,
have been describeds It has beeu shown that under the
existing experimental conditions there is no alteration of
ovarian dehydro=-ascorbic acid and ovarian glutathione in

response to LH stimulation.



- 145 -

CHAFTER II

EODH- CATLJN OF FARLOW'S OVMt;AN AbCORB;C ACTD
T A ADD T S1ITH

LHTRO UCTION.

&paét from ite comparatively high degree of sensitivity
and specificity one of the adventages of Parlow's ovarian
ascorbic acid depletion assay is that in this, intact
immature rather than lypophysectomised rats are used, The
high degree of sensitivity of the assay points towards the
possibility that very little if any luteinizing hormone is
secreted from the pituitary of the assay animals (endogenous
LH) by the time they are sued for the purpose. However it
ig poesible that the pituitaries in these animals do
elaborate some amount of LH, particularly in view of the fact
that the animals are spproximately 30 - 35 days old at the
time they are used for the assay. In view of the remarkable
sensitivity of the OAAD response it is possible that the wide
range of the ascorbic acid content frequently encountered
in & group of identically pretreated animals is due to the
interferenge by endogenous LHs 5o it was thought that
additional pretreatment with a gonadotrophin inhibiting
agent, administered at the proper time, might improve the
sensitivity and precision of the assay by lowering the

renge of the ascerbic acid content of the ovaries in a
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particular group of animslgs identically pretreated with
PiSG and HCGe It was also postulated that a more uniform
ascorbic acid content with resultant smaller standard
deviation might be helpful for better statistical treatment
of the results of the assays. This might be of help in
decreasing the number of invalid assays frequently encoune
tered, resulting from nignificant deviation from parallelism
between the dose-response curves of the stendard and the
unknown preparations.

Foxr this purpose two groups of pituitary inhibiting
agentis were useds These mataria;a were administered to
the animals two days before they were used for asgsay. One
wag stilboestrol the synthetic steroid compound, and the
second a dithiocarbamoylhydrazine compound (Compound 33,828
I.C.I.)s Stilboestrol has previously been reported to be
a poctent pituitary inhibitor, The dithiocarbamoylhydrazine
derivative investigated (Compound 33,828, Imperial Chemical
Industries Ltd., Pharmaceuticals Division) was

l=a~allylthiocarbanoyl-2-methylthiocarbamoylhydrazines

2 3

The compound differs from other pituitary inhibitors

CH,= Cll. b CH,NHoCS,HH.NH.CS,HH.CH
>

previously described in not being a steroid. Frevious
investigations by Paget et al. (1901) and by Bell et al.
(1962) have shown that this compound inhibits pituitary

gonadotrophic sctivity in various animel apecies and in



- 147 =

postmenopousal womenl,

MATERTALS, WETHODS AND RESULTS,.
Details of the O as de

Un the morning of the dey of the assay the animals had
the test dose (NIH-LH in this case) of the material intrae
venously through the femoral vein in 0.5 ml. of normal
saline, The procedure was conducted under light ethex
ansesthesia., Jfour hours aiter the injection of the test
dose of uhe material the animals were killed by cervicel
dislocation, The ovaries were¢ taken out, cleaned and
weighed on a torsion balance to the nearest 0.10 mg.
Ovarian ascorbic acid was determined agcording to the
method described by Mindlin and Butler (1938). The method
of ascorbic acid determinntion has been discussed in detail
in the next chapter.

0ALD mssays were performed according to the techniqgue
described by Parlow (1961) and Schmidteilmendorff and
Loraine (1962)s A group of intact weanling female rats,
weighing 30 - 50 gms. were pretreated with 50,0 i,u. of
P56 ("Gestyl', Urganon) followed 72 hours later by 25,0 i.u.
HCG ('Pregnyl', Organon). The pretreated animals were used
on the Tth day after they had their HCG pretreatment in-

Jection.
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The different experimental groups of pretreatment studied
in the present investization.

As explained this study consisted of comparing the
regressing curves obtained by conducting simul teneous CAAD
agsays with intact immature female rats pretreated with
50 ieus FHSG followed 72 hours later by 25 i.u, HCG as des-
cribed by Parlow., The difference in the three different
experimental groups consisted of incorporating further
additional pretreatment steps given to Lhese identically
PHSG and LCG pretreated animals, given shortly before they
were used for the assay. The three experimental groups

are shown in Table 20 ,

Experiment 1,

A group of 40 animals were pretreated as usual with
PHS5G and HCG. Approximately 48 hours before they were due
to be used for the OAAD assay 20 of these animals received
additional pretreatment in the form of 1.0 mg. "Compound
33,828" per enimal, the remaining 20 animals amcting as con=
trolss, On the morning of the Tth day, counting from the
day when all the animals had their HCG pretreatment injection,
five animals from eitherlgroup had O3y 0475 and le¢5 ug of
ilH=LHes The remaining five animals in either group acted
a8 controls., Four hours later all ‘the animals were sacri-
ficed and ihe ovarian cholesterol was determined as dese-

cribed befores HKesults are shown in Figure 28 and Table2l o
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Hesult of Sxperiment 1.
It may be seen from Table 21 and Figure 28 that in the

group pretreated with i 45G and HCG alone there was no sig-
nificant depletion of ovarian asscorbic acid following the
administration of three dose levels of HIH-LH, i.e. the
slope of the regression curve was flats On the other hand
the ovarian anscorbic scid in all the groups p;etreated with
PHSG, HCG and the 'Compound 335,828 show progressively
increasing depletion of ascorbic acid following the admini-
stration of progressively higher dose levels of HIleLH,

ihe slope of the regression curve ig oconsiderably steever
when compared to the previous group which had only MMSG

and HCG pretreatment. It may slso be noted that in this
particular experiment comparatively high figures for the
gtandard deviation of the mean asscorbic acid coutent per
100 mgs. of ovarian tissue were mostly restricted to the
group wbiech had only PUSG and HCG but no other additional

pretreatment.

Experiment 2.

In this expeviment a group of 35 animels were used,
All the animals had the PMSG and HCO pretreatment at the
same iime., Approximately 48 hours before they were due to
be used for the UAAD assay one group of ten animals had
additional pretreatment ia the form of 1.0 mg. of Compound

53,828, a second group of ten animals had a‘ditional pre-
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treatnent with 0.1 mg. stilboestrol, the resaining twenty
animales scting as the control groupe OUn the Tth day
counting f{rom the day they had their HOC pretreatment
iajection, f{ive animals from each of the three groups had
Qed pg NiRelE, another [ive from each group had l.5ug
iIH=LH, The remaining five animals {rom the conirol group
were left as controls for the assay., All the aaimals were
gagrif{iced na usual, four hours after they herd the intrae
venous injection of {Jlll-LH, The results are shown ian
Figare 29, and Teble 22, .
L of I iment 2,

From Figure 29 rnd Table 22 it may be observed that
the contzol escorbic acid value was quite highe 4t the
lower dose levels of HllleLi there was considerable depletiion
of ascorbic acid, compered to the control in all the three
groupse 4% higher dese levels of the hormone there was
further marked depletion of ovarien sscorbic meid producing a
fairly steep slope of the regression curve in all three
groupse ‘hen statistically analysed the slope of the dose-
resyonse curves in the control group and the group which
had stilboestirol were parsllel. The relative potency of
NlfeLK was caleulated as 1.4 with the index of precision (M)
018, However the slopes of the dose-response curve obtained
from the group of animnls which had the additional "Compound

335,826" protreatment when compared to the standard (obtained



asc.acid. ug/ioomg




u155-

(1oxguoeg)

99°9 3 G121 g OOH + DSNI e
¥s°8 3 ¥°lG ot1 10X} 820G T TIL+DOHADEN
69°1 7 8°96 ot w828%CCy + DOH + DENA 8 Gy
10°9 7 9°09 ot DOH + DEWL
PeeL 3 €°28 o1 10X3890qT T3 SHIOH+DSIT
80°¢ 7 ¥°18 8 #828%C¢u + DOH + DHENd 8 ¢
€0%6 3 V°¢6 o1 DOH + DSMd
Lreao sBu o1 /e87
=3 SUOTLBAIDS() BT o
a*s 3 3USU0YH PTOY i Juomy BRIy 0T K >m.wzomoq

9TQICO8Y UVTIBVAD UBeN

zoqmqm A0 AVSSY nﬁHumqmmn




- 154 =

from the animals which had only PHOC and ECG but no

"Compound 33,828" pretreatment) were found to be none-parallel,
In this particular experiment the very low fijures for mean
standard deviation for ovarian nscorbic acid content were
confiined to the groun of animals which had additional
“Compound 53,828" pretreatment. The effect produced by
atilboestrol appesred to be gimilar to those of "Compound

35,828%,

DISCUSIION.
The results of the experiments have indicated that

additional pretreatment of the experimental animals with
1.0 mg, of the "I.C.I., Compound 33,828" might be helpful
in improving the OAAD assay method by producing a steeper
slope of the regression curve. Schmidte-ilmendoxff and
Loraine (1962) pointed out that fre:uent occurrence of
non=parallelism between the dose-response curves of the
standard and the unknown preparations is one of the draw=-
backs of Parlow's OAAD method, !liecently reports have
become available regarding the inconsistencies of the 0ALD
method, encountered by several workers (Salhanick, 1961j
Segaloff, 19613 Sakiz and Guillemin, 1963). Sakiz and
Guillemin (1963) have suggested a number of possible
improvements on the method including alterations of Parlow's

original pretreaiment schedule., Expressing the variations
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in ascorbic acid countents by comparing first and second
ovary ia the same animal before and after injection of the
test dose of the hormone has been suguested (Parlow, 1358
Courrier et al., 19613 lcCann end Taleisnik, 19613 KeCann,
1962)s 1t seems that the labour inveolved in the proper
mathematical analysis of the "2-ovaries method" makes it
hardly practiceble for routine use, sxpressing the res-
ponses as percentage depletion as originally sugmested by
Parlow (1958) and currently reported by licCann (1962)
(HcCann,_gE_g&., 1961), probably introduces further complie
cation for the correct mathemsaticel analysis of possible
statistically significant differences in the mean responses
from one group tosnothers Sakiz and Guillemin (1962)
suggested adjusting the ascorbic acid contents to the
ovarian weight by covariance,

Fortunately for the sake of using the 0AAD assay method
to good purpose, and unfortunately for the fact that it is
not readily available for investigation, insufficient
regression is not a common ogcurrence in our laboratory in
Edinburgh. Although it has been observed before that the
glope of the regression curve is usually flatter when using
iMG compared to highly purified LH preparations such as
HIl-LH, 1t is usually possible to obtain mutually "statis-
tically" parallel dose-reaponse curves between [MNG and

NIH-LHs It i®s possible that the existing methods of
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statistical anslysis for assessment ol parallelism are not
entirely satisfactory and certain differences of biological
gpecificity cannot always be detected by the exlating
statistical treatment of resulls currently used. However,
in view of the difiiculty in establishing the OAAD method

in certain laboratories (Salhanick, 19613 Segalofr, 19613
Sakiz and Guillemin, 1963) due to the flatness of the
dose-response curve, it may be advisable to iuncorporate the
additional pretreatment step with "Compound 33,828" in order
to obtain more reliable resultss It ia possible that the
alleged strain difference as the cause of the unsatisfactory
results is in reality due to the comparacively faster rate
of pituitary maturation (and consegquent endogencus pro=
duction of Li) in certain strains of these unsatisfactory
animals. It seems likely that some additional pretreatment
with specific gonadotrophin inhibitors may be helpful in
these cases,

It is generally felt that for the purpose of routine
application bioassay results should be satisfactorily repro-
duecible without having recourse to intricaie statistical
analysis (Sakiz end Guillemin, 1963). Hence it is probably
more desirable to alter the pretresiment coundition of the
animals so as to obtain a moré satislactory reproducible
response, rather ihan to have recourse tointricatle statis-
tical methods for analysing basically unsatisfactory experi-

mental data.
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As has been pointed out before, the interference by
endogenous LH and by the LI from the subcutaneous pretreate
ment injections still pregent in the snimal about the time
of the assay is a possibility. Hypophysectomising the
animals before they are used for the assay to obviate the
possible interference by the endogenous hormones has been
found to be unsuitable {(Ouillemin and Sakiz, 1963). These
observers pointed out that for satisfrcotory results the
presence of the intact pituitary or additiénal pretreatment
with prolectin prior t¢ Lrpophysectomy is essential for the
OAAD assay. This finding is important in connection with the
relatively popular concept of using hypophysectomised rather
than intact animels for assaying a particular hormone from
the pituitarys. It is gquite possible that a number of bio=-
logical responces evoked by the pituitary LH need simul-
tancous interaction from other pituitary hormones, It
geems that for designing "uture biosnssays for specific deter-
mination of a particular pituitary prineciple, intact animals
treated with specific inlibitors rather than hypophysectomised
animals should be used more widely. Hypophysectomised
animals seem to be a poor substitute for an animal without
any LH in ite body.

SULL ARY.

The results of investigation of OAAD assays carried out

with animals having sdditional pretreatment with pituitary

gonadotrophin inhibiting agents, have been compsred with
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the results obtained from assays performed with animals
having conventional pretreatment alone (PMSG and HCG). The
purpose of using pituitery gonadotirophin inhibitors was to
prevent the interfering effects of endogenous LH on the
ovarian ascorbic acid content. The results obtained
thereby suggest that interference by endogenous LH may be
a possible factor for the unsatisfactory reproducibility
of the OAAD assay. It has also been shown that the addi-
tional pretreatment of the experimental animals with
pituitary gonadotrophin inhibitors may be helpful in over-

coming this interfering effect of endogenous LH,



- 156 =
CHAPTER III

A COMPARISON OF INTRAPERITONEAL AND INTRA-
VENOUS INJECTION IN PARLOW'S ASSAY FOR LH.

HTRODUCLLON,.

In 19%8 Parlow introduced & new methed for the quane
titative determinaiion of Lil agtivity in anterior pituitary
extreotss Thiz method, which employed intact rather than
hypophysectomised rats and in which the materials uander
test were injected intravencusly under ether ansesithesiag
hed as its end point the depletion of ascorbic acid in the
ovarice of rats made pseudopregnsnt by the administration
of relativel, large quantities of pregnant mares serum
' gonadobtrophin and human chorionic gose otrophin. The teat
wag clained by its originator to be both apecifiozqnd gensi-
tive and i% appeared possible that the technique mighti be
guitable for the measurement of LH activity in extrects of
human uriies

Whe: experiments involving urinary extracts were cone
ducted in our laboratory it repidly bucame apparent that
the method in the form described by Parlow was unsatisfactiory
for clinical application for two mein reasonse In the first
place toxic effects were frequently encountered in the
experimental animals when the urinary exircctis wers adminise-
tered by the intravenous voule and secondly there was a high
propertion of invalid as ays due %o significant deviation
from parallelism between the dcse-response curves of

standard and unknown preparationss In view of these diflie
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culties it was decided to investigate the intiraperitoneal
route of administration and to compsre it with the intra-
venous route, In this way, it was hoped not only to reduce
the toxicity of administered materials but also to increase
the practicanility of the assay method by eliminating the
necessity for an ansesthetic, The main aim of this chapter
igs to report a comparison of the intravenous and intra=
peritoneal routes of injection when a Luteinizing Hormone
preparation supplied by the liational Institutes of Heglth
in vashington and subsequently designated HIH=-LH is adminie-

tered Lo the experimental animalis.

NATE ARD HETH

The ovarian ascorbic acid depletion tests were per-
formed in the same way as described by Schmidt-Llmendorff
and Loraine (1962). The method has been fully desoribed in
Chepter II of this section of the thesis,

The two groups of assays compared in this chapter
differed in that in one group the test material was adminise-
tered intravenously, as originally suggested by Parlow (1961)
while in the other group the material was injected intra=
peritoneally,

The technigue of intravenous injection.

The animal is anacsthetised by putting it in a jar

containing ethers 'he margin of safety between the effec~
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tive anaesthetic dose (to keep the animal immobile during
the operation) and the lethal dose of the ether has been
found to be very low for the young rats. After anaese
thetising the animal it is put on its back and the femoral
vein is exjosed at the upper part of the thigh. During

the dissection there is sometimes bleeding from the small
vesgels lying superficial to the femoral vein. Intravenous
injection is made with a No.266 3" needle and the vein

kept pressed by a cottoawcol ball before withdrawing the
needle, Even if sufficient care is taken sometimes blesding
occurs from the punctured vein after some times "The skin
incision is closed by Mitchell's clips.

Technique of intraperitoneal injection.

These were performed through the left lower quadrant
of the ventral abdominal wall of the animal, using a very
short bevelled /i0.2% 1" long needle., It was never found
necessary to anaesthetise the animals for the purpose of
the intraperitoneal injection. In fact it was felt rather
difficult to perform intraperitoneal injection in anses-
thetised animals because of the very lax abdominal wall,
Precautions were taken to prevent regurgitation of the
injected fluid Irom the peritonesl cavity by loosening the
grip on the animal prior to withdrawing the needle. It is
usually guite essy to carry out intraperitonesl injections

and one averaze laboratory techniclan can usually inject
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approximately 60 animsle in half an hour, after a few days
practices The entry of the needle can be felt by sudden
loss of resistence. Before pushing in the needle it is
necesgary to hold the animal [iruly so as to make ite abdomi-
nal wsll tense., The eddies produced by the dropping fluid
inside the peritoneal cavity can usual'y be felt as a thrill,

Using this technigque along with the necessary care i{o
avoid injury to the abdominal viscera, the intraperitoneal
injection is remarkably saie and easy to perform. Very
occasicnally the gut wall hag been injured during intra-
peritonesl administration with resulting injection of the
fluid into the lumen of the bowels. This accident is detec-
ted immediately by noticing the escape of fluid from the
rec tum.

As a comparative study it has been observed that three
people (one acting as snaesthetist and helping hand for
the operator, one operator capable of performing very rapid
and efficient intravenous injecticn, and one assistant for
elipping up the wound ) would normally teke 75 - 90 minutes
to injeet 60 animals through the femoral or iliac vein.
During the operation one should expect to lese roughly about
10% of the enimals due to ancesthetic accident or due to bad
injection. Often there is considerable haemorrhage (along
with the possible esczpe of some of the injected material)

from the skin wound and from the punctured vein.
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On the other hand one average technigian can conveniently
inject 60 animals, single-handed, in 20 - 30 minutes. Loss
of experimental animals or ocecurrence of severe haemorrhage
dssociated with intraperitoneal injeotion is practically
negligible.

Toxicity experiments,

Material,

Several semples of crude kaolin acetone extracie of
urine which proved to be relatively toxie, while performing
the 'mouse uterus test' were pooled and used for the
toxicity experiment.

Yethod,

ihis pooled gonadotrophin extract was injected intra-
peritoneally in 0.4 ml, of saline. On the basis of previous
results obtained by the mouse uterus test the amount of
extract injected to each animal was expected to contain
sufficient LH to cause significant depletion of ovarian
ascorbic acid. "he animals were killed four hours after the
intraperitoneal injection. Altogethe: 120 animals were used
in two separate experiments with 60 aninmals in each. At
the end of four hours after intraperitoneal injection 62 of
the 120 animals were dead (approximately 50/%). ilost of the
animals still living at the end of the four hour period on
examination looked definitely ill, When left for another

hour (5 hours after the intraperitonesl injection) another
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27 animals were found to be dead.

The conclusion reached from this experiment was that
even when given intreaperitoneally instead of intravenously,
crude kaolin acetone extracts of urine which are toxic to

the immstiure mice produce toxicity in immature rats as well.

Table 23.

This Table shows the effect of the intraperitonesl
injection of 1.5 pg of LH in differeat volumes of seline
when compared with the intravenous injection of the same
smount of LH in 0% ml. of saline, The ascorbic ascid level
in ug/100 mg. ovary ¥ the standard deviation is shown and
the ¥ value indicates that there is no significant differ-
ence between the various groups.

Figure 30.

Parlow (1961) showed that a four hour period of time
was optimal for the maximum depletion of ascorbic acid after
the administration of the unknown preparation by the intra-
venous route. This {igure shows the resulis of a similar
experiment after the iatraperitonesl injection of NIH=Lii.
It should be noted that the maximum depletion of ascorbic
acid occurred at 4 hours, The circles represent two groups
of animals killed at four hours after the administration of

Oe3 and le5 pg LH intravenously. This {inding, taken in
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cojunction with the observation in the previous Table
(rable 23) indicates that following the injection of 0.5 ml.
of NIH-LH the rate of absorption is the saﬁe both by the
intravenous sand the intraperitoneal routes.

Table 24.

This Tmble shows the level of ovarian ascorbie aecid in
pg/lOO ng. obtained after the administration of 0.3 and 1.5 pg
of NIH-LH. In all cases the lower dosage of hormone was
gsufficient to produce a significant depletion of the ascorbic
acid level. The following points should be noted.

1, The absolute levels of ascoriic acid obtained in
any one assay ave similar both after the intravenous and
intraperitoneal injection of the hormone.

2. The slope as indicated by the difference in ascorbic
acid levels between the low and high dosages of the hormone
varied considerably in the four assays reported.

3¢ The mean difference in the ascorbic secid levels is
very similaxr for both the intravenous and intraperitoneal
groupss
Table 25,

The results of a series of {ive experiments in which
two dose levels of LH injected by the intraperitoneal route
were copared with the same dose levels of LH injected by
the intravenous route are shown in Table 25. The mean

relative potency obtained was 0,97 indicating that the
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biological activity of HIH~LH is now altered by using the
intraperitoneal instead of the intravenous roule of in-
Jection., The relative potency obtained in the five experi-
ments varied from 0.68 to 1.,17. This range is eimilar to
that previously reported by schmidt-Llmendorff and Loraine
(1962) using intravenous administration and the data show
that the reproducibility of the assay method is not affected
by the modification employed.

Table 26,

A small numver of assays have been performed in which
the LH activity of three other gonadotrophic preparations
has been compared using the two routes of administration,
It should P2 noted that in the case of each of the five
materials tested the mean relative potency was comparable

after intraperitoneal and intravenous injeection.

DISCUSSION,

In view of the results obtained the original presumption
that if the OAAD test could be performed by using intraperi-
toneal injection iustead cof intravenous administration, the
problem of toxicity and conse uently the problem of assaying
crude urinary extracts using this method will be overcome,
was unfounded. The cause of the toxicity of crude urinary
extrsct is still obscure. It seems possible that further

purification of the crude kaolin acetone cxtracts mizht
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yield less toxic urinary extracts, which might be suitable
for OAAD assay.

Although even when administered intraperitoneally, crude
kaolin acetone extracts procuced toxic affectse, it has been
shown that purified gonadotrophin extracts can be assayed
conveniently by using the intraperitoneal route of adminise
tration instead of the intravenous injection. From the
viewpoint of practieability, particulsrly when dealing with
a large number of animals, intrapepitonaal injection is a
simpler, more rapid, and less laborious procedure compared
to intravenous injection. In view of the fact that the
results obtained by either of these two rouies of adminig=
tration are comparable, it is evident that the CAAD assay
uging intraperitoneal instead of intravenous route of
administration is a definite improvement due to the former's
better practicability.

SUMLARY .

l, A comparison has been made of the intraperitoneal
and iuatravenous routes of administration in the ovarian
agcorbic acid depletion method.

2+ The rate of absorption of NIl-LH is the seme by the
intraperitoneal and intravenous routes,

3+ The slopes of thse dose-response curves for HIlh-LH
obtained by the two routes of injection are similar,

4, The LH activity of NTH-FSH, PM3CG and HCG appears
to be comparable when these hormones are administered by the

intraperitoneal cr by the intravenous route,
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MOUSE UTERINE WHIGHT RESPONSE TO GONAJOTROPHIC
STIKULATION AS A SPSCIFIC INDEX OF PSH_AND LH
ACTIVI

INTRODUCTION.

The "mouse uterus test", in other words the test de-
pending on the increase in uterine weight of intact immature
mice to gonadotrophin stimulation, is probably the most
widely used assay method for evazluation of the pituitary
gonadotrophic function in man. This bioassay otherwise
admirably fulfils the requirements demanded by an mcceptable
procedure except for its questionable specificity. "What
does the mouse uterus test measure?" has been a matter of
considerable controversy over the last two decades. Most
of the authorities on this subject at present agree however
that this test does not specifically measure either FHS or
LH, but does estimate what has been descoribed by the con=-
venient but rather illedefined terms of "total gonsdotrophic
activity"s At the .resent state of our knowledge it ie= not
possible to state definitely whether the follicle-stimulating
hormonal activity and luteinizing hormonal activity in their
natural siates are mediated by one or more biological
materials secreted by the pituitary gland, Koreover certain
extrapituitary gonadotroghins, notably pregnant mares serun
gonadotrophin and humen chorionic gonadotrophin, even in
relatively pure form, retain, to a variable extent, both

types of gonadotirophic activity. Indeed if human pituitary
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FSH and LH activities are considered to be the two distinct
biological effects exhibited by one single chemical entity,
the term "total gonadotrophic activity" becomes obviously
meaningful, 440t only that, it remains then probably the most
satisfactory method available for assessment of pituirtary
gonadotrophic function in its totality. As is well known
however, this monophyletic view of pituitary gonadotrophie
activity is not generally accepted, Thus it remains for
future workers in this field to develop suitable epecific
agsay procedures for the guantitative determinction of the
follicle-stimulating hormone, luteinizing hormone and proe
bably luteotrophic hormone,

This present work was undertaken primrrily to investi-
gate the relative and specific influence of purified FSE and
LH materials on the "mouse uterus test" and also if possible
to alter the test as if is used to-&ay in order to measure
el ther or both of the hormones gpecifically, It was hoped
that by inveatigating the effects produced by interaction
of FSH end LH on the mouse uterus test, it would be posgsible
to obtain a correlation between the ovarian and uterine

growth in response to gonadotrophic stimulation.

The mouse uterus test was performed in the following

MANNEer,
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Preparation of the solutiou.
The total amount of material wos diesoclved in 2.5 ml,

of normsl saline. This amount wes administered in 5
injectionas of 0.5 ml. each, the first 72 and the last 24
hours before the animals were sacrificed for the assay.

The uterus wag removed from the top of the vaginsl
vault, cleaned and then glit off longitudinally and finally
pressed firmly between two pisces of blotiing paper to
remove any excess fluid inside or on the surface. The tissus
was welghed in a torsion balance to the nearest 0.1 mg.

Animalge

Intect weanling female mice weighing 9 -« 11 gms. and
20 =« 21 days of age were used for all th¢ work described in
this chapter., At least 6 animals were used in eachlaxperi-
mental group.

Figure 31 represents a typical dose~response curve
uging NIH-FSH as the test material. It can be seen that
the steepest part of the dose-response curve is obtained by
using 5040 and 100.,0 pgs of the hormone,

Figure 32 represenis a similar dose-rssponse cuxve
using WIH-LH as the test material. It may be seen that this
hormone in dosages up to 4 mgs., i.e. roughly 100 times the
dose used for NIH-FSH (Pigure 31), results in rather a
slight incrcase in the uterine weight. lioreover the slope

of the curve is very flat compared to that obtained by
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HIH=FSH,

Fijures 33 and 34 represent the dose~-response curves obtained
when a mixture of NIH-FPSH and N1H-LH are injected in the
amounts as shown., It is evident that the addition of

NIHeLH to NIE-FSH in amounts between 10 ;g and 30 pg dis-
tinctly augments the mouse uterine response to NIH-#SH, It
mey be further pointed out that HIE-FSH st a dose level of
25 pg and NIH-LH at a dose level of 25 ug either of which by
themselves faile to produce any significant increase in
uterine weight, do so when used together., This most pro=
bably represents a synergistic response. Because NII=F3H
uged alone at double this dose produces an almost identical
response (Figure 31), while NIH-LH used alone in a much
larger dose fails to produce any significsnt effect (Figure
32), the former may be regarded as the prime mover in this
synergistic response., Ifrom Figure 34 it is also evident

thet inoressing the dose of added !IH-LH to between 30 ug
and 40 ug does not cause further increase of uterine weight
than that obtained by the addition of 30 ng NIN-LH, The
addition of 50 ug or more of NIHeLH to this mixture decreases
the response, These findings are in agreement with those

of Brown and Billewicz (1962),

Ficure 35.represents a dose-response curve obtained with the
international standard for HCG., when compnred with the dose-

responsge curve obtained with J/IH-SH 1t will be seen that
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the shapes of the curves are comparsble. The lower dose

of the hormone at the steepest part of the dose~response
curve produces Bn increase in uterine weight which is double
that of the control uterine weights Doubling the dose of
the hormone results in a further doubling of the uterine
weight resulting in a steep slcpe., In this experiment the
gteepest part of the dose~response curve obtained with HOG
was between 0.4 i.u. and 0.8 i,us Dose levels of 0.2 i.u.
or less of the hormone failed to produce any significant
increase of uterine weight over conirols.

Figure 26 represents the dose-response curve obtained
with NIH=-F3l and RCG administered together, The dose levels
of HCG used were 0.2 isue or less, i.e. dose levels which
fail to produce a significant effect on the uterine weight
when used alones It may be seen that the uterine weight
response to NIH-FSI is markedly augmented by addition of
conparatively small doses of ECG. At the 0,2 i.u. HCG
level the steepest part of the dose-responge curve lies
between 3.125 and 6.25 pg of NIH-FSH, that is at a level 20
times less than that for HIH-FSH alone. The shape of the
curve thus obtained is similar to that obtained with NIH=-FSH
alone. Although considerable controversy exists regarding
the true nature of HCG it is widely held that it contains
very little FSH aetivity, which has not been measured pro-

perly up till now, The augmenting effect of HCG on NIH-FSH



is most likely due to its LH sontent,

The mutual sugmentstion of the response obtained by
uging mixtures of NIH-FSH and HCG is of considerable
intereste From the Figure (Figure 36) it is evident that
either purified HCG or purified preparations of FSH can be
measured by mixing one of the materials with a very small
dose of the other,

Determination of HCG.

It is obvious from Figure 36 that using this method as
little as 0,05 i.us of HCG can be conveniently detected by
mixing the HCG sample with 25 ugs of NIH-FSH. The sensi-
tivity of this ascay method is at lesst 8 times more than
that of the conventional mouse uterus test and about 10 times
mere sensitive than the OAAD test, For quantitative esti-
mation of HCG in body fluids dufing pregnancy either the
"total rat prostate test" or the "mouse uterus test" is
commonly used. For performing any form of "mouse uterus
test" with samples from pregnent subjects however it is
essential that the biclogically active ovarian steroids
should be removed from the samples to avoid interference
with the assay methods It is doubtful whether any amount of
pituitary FSH or LH i:s secreted during pregnancy. The
comnonly used tests are based on the assumption that either
pituitary hormones are not present duving pregnancy or they

are present in such small amounts compared to the amount of
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HCG that their presence would not interfere with the assay
methode It is usually believed that the rat prostate metrod
is responsive to pltuitary LH as well as HCG. Similarly
the "mouse uterus test" is responsive to pituitary ¥SH as
well as HCG, Therefore if the pituitary FSH or LH is
believed not to interfere with the rat prostate asssy or
with the conventional "mouse uterus test" then the presence
of this material should not interfere with this proposed
modified "mouse uterus test" using a small doge of WIH-FSH,
Apart from ite increased sensitivity this method of assay
has the added advantage of producing a comparatively steeper
slope of the regression curve when compared to the conven=
tional "mouse uterus test" using HCG alones
i netion o e

It is also obvious from the Pigure 36 that by adding
very small doses of HCG (emounts which by themselves are
not capable of altering the mouse uterine weight) compara=
tively small amount of purified FSH can be quantitatively
assayed. Here again the sensitivity of the method is note=-
worthy. When using NIH-FSH as the test substance at present
it is not possible to measure guititatively the biological
activity of less than 25 - 30 pgs of the material: and this
again is only possible by using the "augmentation assay"
in which a large amount of HUG is superadded to produce an

FSii plus HOG augmented response, Compared to the
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"augmentation assay" this : i2gested type of modified "mouse
ugterus test" is sbout 10 times more sensitive, It seems
pogsible that when dealing with highly purified FSH or HCG
this type of modified or augmented mouse uterus test will be
quite suitable as a bioassay.

in view of the markedyincreased sensitivity of the
mouge uterine response to WIH-FSI! by HCG, it was hoped that
it would be possible to increage the sensitivity of the
mouse uterine response to other gonadotrophic materials by
the addition of small amounts of HCG. The results of such
experiments with Pergonal, FKSG and HMG-20A are shown in
figures 37, 38 and 39, It may be seen that the responses
obtained by these materials were not significantly altered
by the addition of es much as 0.2 i.us. HCGs The ceuse of
the [alilure to augment the mouse uterine response obtained
by PuSG, Pergonel and HMG-20A by adding 0.2 i.us. HCG was
thought to be due to the presence of relatively more LH in
these three gonadotrophin preparatione than in NIH-FSH., It
was argued that the mouse uterine responses obtained by
using these three materials were in faet already augmented
by the LH present in them. If this is true then this has =2
certain bearing on the use of highly purified pituitary
materials as standard preparations for expressing results
obtained from urinary extrects. Because the mouse uterine

weight responses to urinary gonadotrophin extricts are
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already augmented due to the presence of enough LH in them,
while that obtained by puriiied FSH is still sugmentable by
the a'dition of LH materisls like HCG.Purified animal
pituitary ¥SH and LH are used in certain laboratories as
standards for comparing the results obtained from crude
urinary extrrcts. It sesms that there nre certain quali-
tative differences between purified pituitery F3H and
urinary gonadotrophin extraet, detectable by the mouse
uterus test,

Eifects of NIH-LH on various mixtures of gonadotrophinas

Figure 40 represents the effect of lilH-LH on iergonal.
It may be seen that lIHeLH added in increasing doses to
Pergonel progressively decreases the mouse uterine weight
regponse to this hormone.

Figure 41 depicts the effect of lilli=LI on the sugmented
mouse uterine weight response obtained by adding 0,2 i.u.
HCG to NIH=FSH,. ‘

From both these Figures (Figures 40 and 41) it may be
seen that purified LE (NIfl-LH) depresses the mouse uterine
weight response obtained either by Pergonal or by the com-
bined action of NIH-FSE and HCG. It is interestving to note
that the sugmenting effect of HIH=LH on the mouse uterine
welght response obtained by Hlii«PSH alone is not evident in
either of these two instancess In view of the fact that

iIHeLH will only cause inhibition of mouse uterine weight
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obtained by rergonal alone or [Il-F3l pluas 0.2 i.us HCG
alone, it wag decided to investigate the possibility of
utilizing this decreasing uterine weight as an index of LH
activity. JFigures 42 show the dose-~response curves
obtained by using various dose levels of Wili-Li on the
suwmented mouse uterine weight response obtained by NIL=FSH
combined with 0.2 or C.l i.u. HCGe It may be seen that
although the response (uterine weight inhibition by LH)

is quantitative the addition of further P8H (NIH-FSH) will
inhibit the "uterine weight inhibiting effect" of HIieLH,
The mutual antagonising effects of FSil and LH are clearly
revealed in the next experiment. However it may be seen
that there is a certain essential difference between the
effects produced by NIH=-LH on this system when compared to
that produced on NIH-PSH alone, In this case (WIH=-FSH + HCG)
the addition of different dose levels of NIHeLH produces
only one demonstrable effect on the utevine weight, viz.
that the uterine weight is depressed. This effect is
comparable to the effect of [IH-LH on Pergonal,

From Figure 47 it may be seen that the addition of
further IIH=FSH (Figure 4igaoauaen further incresse of
uterine weizht. In fact the inhibition of the uterine
weight which was obtained by adding HlieLH (Figures 42 = 46)
was prevented by the addition of HIH-FSH, This effect is

however agssociated with simul taneous increase in the ovarian



- 182 -

weight, a phenomenon not cbserved in the previous experie
mentss It was concluded therefore that in this system so
long a8 the available amount of ovarian tissue remains cone-
gtant the effegt produced by NIli-LH on uterine weight is
always one of depression. The amount of LH activity present
in 25 ug HIN~FSil (roughly equivalent to 0,25 ugs of NIHeLH
activity) would cause significant depression of uterine
weight (Figure 46) when given alone but not when given slong
with FSH. JSecause this added amount of FSH results in an
increase in ovarian weight presumably due to cellular hyper=-
trophy snd hyperplaeia and this newly available ovarian
tissue will produce enough steroid hormones to disturb the
uniformity of response shown by the uterus. In view of this
difficulty it would not be possible to use this syatem to
neasure either FSH or LH activity specifically in a sample
containing both the gonadotrophins., It is clear from this
experiment that to obtain uniformity of uterine response
from NIH=LH the ovarian weight will have to be kept unaltered.
It was ergued that the only way of producing this latter
condition was to increase the ovarian weight to its maximum
limite It was also thought necessary at the same time that
the system would have to be such that in addition to stimu=
lating the ovarian growth to its maximum limit, it will have
to produce a relatively high uterine weight., Because, if
the uterine weight is very low, further addition of LH

would cause at most a very flai regression slope of uterine-
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depressing effect. For designing a workable assay such a
flat slope will be of wery little practical value,

With this result in view, i.e. to produce a system
which will stimulate the ovarian growth to its maximum limit,
and at the same time will be able to maintain a high uterine
weight, a number of gonadotrophing and gonadctrophin mix-
tures were tested.

The purpose of the following two experiments was to
produce the maximum growth of the ovaries associsted with
nigh uterine weighte.

The "augmentation assay" is known to produce very high
ovarian weighte Also in this connection it was thought that
a particular mixture of HCG (used for "eugmentation assay™)
and HIH-FSH might be suitable for producing maximum ovarian
growth along with high uterine weight. loreover, it has
been shown previously that by using up to 0.2 i.us of HCG
for augmenting the NIIl-FSH invoked mouse uterine response,

a progressively incoreasing response can be obtained. On
the other hand NIH-LH used in relatively high dosages
depressed the otherwise increasing mouse uterine weight
response to MIH-FSH, In view of the generally held pree
dominantly LH nature of both HIH-LH and 1CG it was decided
also to investigate whether, like NIH-LH, at high dose
levels LCG also depressed the otherwise increasing mouse
uterine weight response to HIi«F3H, The result of this

experiment using 25.0 pug NIl-FSH with different concentrations



25.0 Q. NIH-FSH




- 184 -

of HCG is shown in Pigure 48, 1t may be seen {rom this
figure thai a fixed dose of HIH=FSH (25 ugs) was mixed with
varying dose levels of HCGe The dose levels of HCG used in
this case were much higher than those used in a previous
experiment (Figure 36). It will be noted that the uterine
welzht response to 25 ug of .ili=iSH is augmented at the
lowar doge levelz of the added [iCGes ‘Then after reaching a
high level the uterine weight falls with the next highex
dose level of the liCG., This uterine weight depressing
effect of HCG is comparable to the similar effect obtained
by HIH=-iHe However, after decrsasing for a few successively
incrensing dose levels of ECG the uterine weight again
inoreases with subsequent incireasing doge levels of HCG,
rollowing thie the uterine weight is progressively decreased
with each suocceeding high dose level of HCGe As has been -
already described in this particularly experiment the dose
level of LIH=i"S! was kept fixed at 25.0 uge. In other words,
increasing dose levels of HCG alternstely stimulate and
denress the uterine weizht induced by NIlieF3He It will be
seen later (Figure 49) that a mixed gonadotrophin (Pergonal)
produces similar pattern of mouse uterine and ovarian
response, The remarkable feature of this experiment is the
increase in the ovarian weight asscciated with each
increasing phase of uterine weisht and the constancy of the

ovarian weight during the steady or decressing phase of the
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(#547a)
uterine waighgc It may also be seen that the lower level

of decreasing uterine weight reached during easch phase of
decline is lower than the previocus one. hen 50 i.u, of
HCG have been used the mesn uterine weight ie 18 mgs.
Further increase of the dose levels of HCG up to 400 i.u.
did not alter the uterine weight any further., Here again
HCG is behaving like KIH-LH in causing depression of mouse
uterine weighte In this psrt of the graph the overian weight
may also be found to have reached a steady weight., It may
be seen however from this Figure that to pfoduoe a high
uterine weight and maximum growth of the ovaries further
amounts of 5L are needed. ‘

As has been discussed previously, HCG is generally
believed to be predominantly LH in nature with very little
if any PSH metivity in ite In view of the remarkable degree
of augmentation of mouse uterine weight obtained by adding
small amounts of HCG to NIH-FSH (Migure 36) the augmenting
effect of HCG was thought to be quite different from the
comparatively weaker degree of augmentation obtainable by
the addition of small amounts of WIH-LH to HIl~FSH,
Voreovery, the alternately ineressing and decreesing uterine
weight in response to increasing doses of HCG with a fixed
amount of HIHeFSi (25,0 ugs) is difficult to explain. It
is very likely that the increasing ovarian weight preceding

each phase of increasing uterine weight and steady ovarian
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weight during each phase of steady or decreasing uterine
weight, is the cause of this fluctuation. 'The uterine
weight is augmented, presumably due to the effect of FSH or
FSHelike material present in HCG. After the uterine weight
reasches a high level further addition of HCG gauses
depregsion of the uterine weight, presumably due to its LH
activity. 5o long as the ovarian welsht remains constant
at a partioular level this relationship, i.e. P3H initially
causing stimulation end LH eventually causing depression of
uterine weight, holds good. Growth of the ovary following
the addition of I'S5H is associated with disturbance of this
relationship, but once again at a particular constant level
of ovarian weight the uterine weight stimulating effect of
F3H and subsequently the uterine weight depressing effect
of LH are re-establighed, It seems as if each new batoh of
fresh ovarian tissue responds exactly like orops of newly
formed tissue in repeating the same series of changes from
the beginning to the end cver and over agein as its pre-
decessorss Lence at a particular fixed level of ovarian
weight uterine weight behaves in a more vegular fashion.

It ig almost certain that the uterine wei hi response to
gonadotrophine is mediated by the stercid hormones of the
ovariess It is possible that each phase of increese in
ovarian weight is due to fresh follicular development in

response to FSH stimulation. This newly formed follicular
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tissue secretes follicular hormones which stimulate the
uterine weight. Further addition of LH luteinigzes this

newly formed follicular tissue, Inhibition of uterine weight
regults either due to inlibition of follicular hormone
seoretion due to luteinization of the follicular tissue or
due to mactive secretion of luteal hormones from the luteinized
ovarien cells., The eventual inhibition of uterine weight is
explicable on the ground that all the available follicular
tissue has been luteinizeds Un the basis of this theory

the restriction of unlimited growth of the uterus in rese
ponse to gonadotrophin stimulation (gonadotrophins conteining
both P34 and LH) is easily explicable., It is conceivable
that even when given in huge amounts eventually all the
available follicular tissue will be luteinized with cone
sequent restriction of uterine growt!sa It seems that even

in the absence of any other controlling factor LH itself

will antagonise the biological effect of ¥SH on the uterus,
fhe pituitary gland produeing its trophic hormones along
with their corresponding target organs constitute auto
regulating systems due to the mutual feed=back mechanism.

No such feed=-back mechanism appears to exist between the ovary
and its target organ, the uterus. Hevertheless the intere
action of FSH snd Ll on the ovary is such that the sum total
effect of the ovary on the uterus is selfereguleting. Marked

dissociation of FSH and LH secretion from the pituitary nay
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theoreticslly disrupt this regulating system., Such a
digsociated function bas not been detected so far, and
whether pure FSIt without any amount of LH is opable of proe-
ducing its biological effect is still uncertain,

Zergonal,

The uterine and ovarian response curves using a very
long range of dosages of Pergonal is shown in Figure 49,
The interaction of FSH and LH as revealed by the simul-
taneous recording of uterine and ovarian weight is well
shown by using the very wide dose range of Pergonal. It is
seen clearly that the ovarian growth is continuous snd pro-
gressive until it reaches its limit when no further growth
occurss Lven at its highest limit the ovarian growth is
not inhibited by the additioa of further amounts of gonadoe
trophins On the other hand the uterine growth shows three
distinet phases, each remarkably resembling the other,
fhese three phases esre clcgely asscoclated with relatively
ateep ovarian growthe The curve closely resemblea that
obtained with the uterine and ovarian weight response ocurves
in relation with the "augmentation assay". It will be noted
that even after reaching the maximum growth of the uterus
the uterine weight is quite high. This is probably due to
the fact that in thia case the iaximum ovarian growth has
been obtained by comparatively larger amounts of ¥SH material,
In the case of the "augmentation assay" curve the maximum

growth of the uterus was obiained by using a comparatively
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higher dose of HCG. It seems probable that by adjusting
the different proportions of F"SH and LH materials this
result could be obtained by using a number of different
gonadotrophin mixtures. The similarity of the response
patterns obtained by HCG and Yergonal suggests that both
these substances are of qualitatively similar nature, i.e.
HCG like pergonal containg both ¥SH and LH activity.

Similar experiments conducted with high doase lavels
of PMSG have shown that the response is similar to that
exhibited by Pergonal.

Addition of ~LI and ~F3L to ve dos of
Pe and FMSG (Pigures 50 .

The purpose of this experiment was to investigate the
poesibility of producing a uaiform uterine response with
further addition of LH., As has been cxplained in previous
experiments growth of the ovary results in disturbances of
uniformity of uterine response, It has also been shown
that it is not practiceble to inhibit or suppress the growth
of an otherwise growing ovary by using various gonadotrophin
mixtures. It was hoped that a uniform uterine response
(inhibition of growth in thie case) proiuced by LH would
make it possible to measure this gonadotrophin specifically.
‘he results are shown in Figures 50 and 51. In both
instances the doses of Pergonal and ¥YHSG used were found to

cause meximum ovarian growth even when given by one sube
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cutaneous injection. It was also found that uterine weight
was fairly high when maximum cvarian growth was achieved

at the emallest effective dose of Pergonal and PMSG, given
by one subcutanecus injection. It may be men f{rom Figures
50 and 51 that the addition of 100 ug of NIH-LH and 100 i.u.
HCG causes only inhibition of uterine weight and this

inhibitory effect of HIH-LH is not interfered with by

HIH-FSHe
Lxperiment.

It has been shown by Schmidt-Elmendorff{ and Loraine
(1962) that FMSG contains about 3U% of LH activity. It has
also been shown by Zarrow et ale. (19%8) that a single
injection of FMSG even when given in comparatively large
doses, fails to produce any demcnsirable LHE eifect in the
ovary as evidenced by absence of ovalation. Zarrow gt al.
(1558) on the other hand have shown that »s litile as
Osl pg of NIH-LHE oxr 0.1 i.us of HCG given after FUSG is
capable of producing ovulation in a significant number of
animalse In view of this and the results obtained in the
previous experimente it was argued that if sufficient amount
of 5@ to induce maximum ovarian growih was given only in
the first injection and not subsequently, the eifects pro-
duced subsequently by injection of LH were likely to be
unaif{ected by contaminated FSH.

It may be seen from these two Vigures (Figures 50, 51)






-191-

that the HlH=LH causes depression of the mouse uterine
weight, and this depressing effect is not inbibited by the
addition of NIH-FSH, that is, an experimental condition is
produced where the response (depression of mouse uterine
weight) is not interfered with by the addition of further
NIi-FSHe It is posaible that this condition could be
utilized for measuring LH activity specifically, by using
depression of the 'otherwise increasing mouse uterine weight
brought about by PMSG or Pergonal', as the end point.
Figure 52 shows the effect of mouse uterine weight
response to one single dose of gonadotrophin administration.
As previously postulated by other observers (Zarrow et al.,
1958) a single subcutaneous injection of a mixed gonado-
trophinelike FMSG produces only FSH effect, it may be seen
from Figure 55 that the inhibitory effect of HIM-LH on the
otherwise increasing uterine weight response to NIH-FSH is
not observed when NIH«-PSH and NIH-LH are given together by
a single subcutaneous injection, In other words, an experi-
mental condition is produced when a pure FSH effect is
obtained following the administration of a gonadotrophin
mixture containing both ¥SH and LE. It is poss=ible that
to produce its biological (synergistic or antagonistic)
effeot LH requires the preliminary priming effect of FSH on
the ovarian follicles., Vhen given in one single injection
it is very likely that the injected LH is excreted out of

the body before enough follicular tissue to act upon is
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formed.

DISCUSSION.
Using the mouse uterine weight se the endpoint the

interaction of FSH and LH present in various gonhdotrophiua
and gonadotrophin mixtures have been investigateds In

spite of the apparently erratic response of the '"mouse
uterus test" to different mixtures of ¥SH and LH, it has
been shown that, by ﬁsing various mixtures of gonadotrophin
it is possible to obtain uniform mouse uterine response

from either of them, It hag been possible to design experi-
mental conditions in which FSH will only stimulate the
uterine weight, Similarly experimental conditions have been
described when LH will only cause inhibition of the uterine
welghtes 1t has also been shown that it is possible to
obtain consistently increscaing or decreasing mouse uterine
welight response by using PSH or LH respectively without
cross interference, At preseni it is not posgible to

assess how far these methods will be of practical value in
desizning assay methods for gquantitative determination of
’SH and LHe The reliebility criteria have not been properly
studied in any of the possible methol: suggested. Neverthee
less, it has been shown that using different experimental
conditions it is possible to study the opposing effects of
F3H and LH in the ssme way as it is possible to investigate

the opposing effects of an antigen and its homologous amtibody.
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Brown and Biliewicz (1962) investigated the interaction
of KIH-"8H and NIHe-LH, using mouse uterine weight response
as the end point, Hiley (1961) conducted similar experi=
ments using HIH-FSH, "Armour Standard LH" and Pergonal,

The result of the experiments deacribed in this Chapter are
in accordance with the observations made by these workers,

However, further extension of the work along certain
lines not previously reported by other workers makes it
difficult to ascertain the validity of the conclusions
reached,

The progressive natur= of the ovarian growth has been

previously discussed by certain eailior observers (Witschi,
19613 Paulsen, 19613 Lunenfeld, 19613 MecArthur, 1961).
In view of the results discussed earlier in this Chapter it
geems that the depression of ovarian veight vreviously
reported by cortain observers is slmoast certainly due to
toxicity rather than due to the effects of hormone. McArthur
(1961) came to a similar conclusion on the basis of her
‘experiments using very high dosages of Pergonal. It may be
pointed out that all the previous workers who reported the
depression of ovarian weight, usci relatively toxie uriuary extracts
like HMG rather than comparatively non-toxic materials like
Fergonal,

The progressive and uniform nature of the ovarian

growth in contradistinction to the erratic behaviour of
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uterine growth in response to ponadotrovhic stimulation

is ensily understandable on the grounds that they represent
two basically different eystems, Ovarisn growth represents
the ovarian response to pituitary stimulation, whereas

the uterine growthreflects the uterine response 1o ovarian
stimulations It seems that the sum total effect of the
interaction of the PSH and LH on the ovarian growth ias
alwnys synergistics On the other hand, the ovarian response
to ¥5H and LH stimulation as reflected on the uterine growth

may produce a synergistic or an antagonistic effect.

UKL .

The effects of interaction of ¥SH and LH on the mouse
uterine weight response have been investigated using
various mixtures of pixrifiad pituitary FSH (NIH-FSIH),
purified pituitary LH (NIii=LH), HCG, Pergonal, ilNG-20A and
PMSG.

Using the mouse uterine weight response as the end
point several model approaches for designing possible new
assay methods for apeeifie_determination of ¥5H and LH have
been suggested.

The factoms underlying the behaviour of mouse uterine
welght and mouse ovarian weight responses to gonadotrophic

stimulation have been discussed.
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