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INTRODUCTION
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Progesterone or pregn-L-cne-3, 20-dionec as
called by a syctematic neme, is a steroid containing 21 carbon
atoms (figure 1). it is an important female sex hormonc
produced mainly by the corpus luteum and the placenta; omall
amount is alsc derived from the zdrenal cortex in both =zex

(Bengtsson, 1971).

Figure 1, Structure of progesteronec

Progesterone Biosynthesis

During menstrucl cycle, the biosynthesis of progesterone
is shown to proceed from =zcetate via mevalonic acid and
cholesterol intermediates (figures 2, 3 pages 2 anc 3 ),
Although progesterone is produced mainly by the corpus luteum

of the ovary, the biosynthesis of this steroid is not restricted

[

to the tissue, Ryan and Smith (1961) was able to demonstrate



the conversion of zcetate to brogesterone in the human follicle
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Figure 2 Biosynthesis pathway of progesterone

(from Shearman, 1972).
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The placenta, instead of corpus luteum, is quantitatively
recognized as the most important site of progesterone production
in human pregnancy. One of the enzymatic deficiencies of the
placental tissue in the pathways of ﬁrugesterone synthesis is
the lack of a 17«20 desmolase. This means that no small molecule
precursor lilie acetate and mevalonate are indeed involved in
placental cholesterol synthesis (Hellig, 1969), There is
evidence suggested that the principal precursor of progesterone
formed by the placenta is circulating maternal cholesterol
(Diczfalusy, 1968), This is also supported by recent studies
vhich demonstrated that the progesterone present in placental
tissue and in maternal blood exhibits the same specific activity
as labelled cholesterol present in the maternal circulation,
as well as the pregnanediol excreted in pregnancy urine (Hellig
et al., 1968). ~his data strongly suggested that the placental
Progesterone is derived totally from circulating ‘maternal
pPlasma cholesterol and indicating that a major quantity of
Progesterone ic seéreted by the placenta. Ioetal cholesterol
does not take part in thke synthesis of placental progesterone
and clinical s$tuation, lile foetal death, suggests a different
mode of production for placental progesterone (Frandsen &

Stakemann, 1951),



Phxaioloqical lole of Frogesterone

During menstrual cycle, naturally, the prime duty of
the hormone producing from the anterior pituitary gland
control growth and development of the follicle, dvulation
and menstruation, TFollicle stimulating hormone (I"SH) and
luteinizing hormone (LH) work in association to stimulate
the growth of the follicle up to ovulation stage after which
iLH alone follows the change of ovulated follicle, by trans-
formgng it to corpus luteum and *his finally produces estrogens
and progesterone, It is generally assumed that cq?bus loteum
exerts its endocrine function through the secretion of
progesterone,

In the luteal phase of non-pregnant women, large amount
of progesterone secreting from corpus luteum acts upon the
uterus which has already been primed by entrogens during the
follicular phase., In physiological conditions, progesterone
invariably acts upon the genital tract which has previously
been primed by estrogens, Istrogeniec priming is af major
importance in the response of target organs to progesterone.

Yrogesterone stimulates fu¥ther growth of secretory
glands in estrogeneprimed endometrium, Thus the endometrium
gets thickened and increases area for nidation of the fertiliged
ovum, [le@ently it has been suggested that human chorionic

gonadotropin (HCG) of the fertilized ovum (embryo), stimulates



corpus luteum to produce progesterone (Saxena et al,, 1974),
If no fertilization accurs, no chorionic gonadotropin
formation and there is no further progesterone formation from
the corpus luteum, The levels of progesterone and estrogens
are fairly low when they come to a point where there is no
further growth of endometrium ané the endometrium soon comes
out as menses,

There is strong evidence to indicate that the
progesierone plays an important role on the fate of a ferti;j:e&
ovum during its transport in the oviduct, during implantation
and later during pregnancy.

Progesterone has its special effect upon both tubule
and uterine contraction while the eggs and sperms are
travelling through the oviduct, “rogesterone, in certain
level, acts as an inhibitor of further ovulation, Progesterone
alters the activity of the myometrium and inhibits the uterine
contraction normally stimulated by oxytocin (Dorfman, 1962),

In pregnant women, after fertilization and nidation,
corpus lute#m of pregnancy under stimulation of chroionic
gonadotropin seerets progesterone and estrogens in order to
maintain the uterus in the condition appropriate to pregnancy,
In the first 810 weeks of gestation, it has been shown that
progesterone from corpus luteum plays a signirYicant role of
the pregnant uterus, After that period, the placenta is well
develop and function znd capable to synthesize in large amount

of progesterone and estrogens,



Progesterone has been thought to be a steroid in delaying
delivery at the termination of pregnancy and influences the
dctivity of relaxin, This steroid also inhibits ovulation

during pregnancy {(Dorfman, 1962),

letabolism of “rogesterone

Progesterone is reduced at the double bond and keto
groups to give its metabolites which can be divided into four
main groups (Van der Molen and Aakvaag, 1967) namely;
pregnanediones, pregnanclones, pregnanediol and compounds
more polar than pregnaneciol which are all derivatives o2
two parent hydrocarbons ’ﬁi-pregnane and Sfi=-pregnane,
differing only in the spatial configuration of the hydro-
carbon atom at C~5 of the steroid nucleus. The first three
groups of compounds contain respectively 2, 4 and 6 more
hydrogen atoms than progesterone itself, the final category
contains additional oxo- and hydroxy~ groups. Stereoisomers
of pregnanediol which have been found include allopregnanediol

and Sd-pregnane-3/3, 20/~diol (figure.k, pzse 8).
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Fotherby (1964) found progesterone metabolites excretod
in L vays as uring, bile, expiration and skin. Pearlman (1957)
dizeovered pregnanediol as the main metabolite excreted from
the body in urine (about 6-27%). Later studies revealed that
the level of pregnanediol in urine vae in proportion to the
level of circulating progesterone in blood (Woolever & Goldfein,
1963; Klopper et al.,, 1957). 1In view of these findings, onsz
can presume that the levels of pregnanediol in urine reflect

the levels of progesteronc ir blood,

Hetabolic Effect of Progesterone

Progesterone is one of the precursor essential for the
biosynthesis of a large number of steroid hormones including

corticosteroids, androgens and estrogen (figure 5 page 10).
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¥rogesterone either antagonizes or potentiates the
activity of estrogen according to the balance between their
dosages and progesterone in large amount acts as an anesthetic
agent and inhibitor of the salt retaining corticoid. By
antagonizing the effect of aldosterone on the renal tubules,
progesterone tends ta increase the excretion of sodium, but in
large doses it causes sodium retention, presumably, because it
is converted to deoxycorticosterone, Irogesterone also increases
urea total nitrogen excretion by stimulating protein catabolism

(Shearman, 1972),

Assay Methods

There are different methods of determining progesterone
and its metabolites both in blood and urine,
Various methods are used for direct determination of

progesterone levels in blood,

1. Biological methods (Loraine and Bell, 1971)

1.1 lethods employing rabbits, This method depends on
the production of progestational changes in the uterine
endometrium but is too insensitive for clinical use (Pincus

et alo| 1957).
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1«2 Methods cmploying rats (Velardo & Hisaw, 1951
and Zarrow et al,, 1958). The sensitivity is also very low.
is3 Methods employing mice (Salhanick et al., 1951;
Zarrow & Neher, 1953). This method is claimed to be extrenmely
sensitive but has a very poor precicion and is not specific
since other steroids like estrogenic hormones also interfe}e

with the assay systen.

2. Chemiczal methods

2.1 Colorimetric and fluorimetric methods

241s1 The Method of Zander and Simmer (195L),
The accuracy of the methods ithen tested by recovery experiments
gave an average yielé of approximately 80%., The technique is
capable of detecting as little as 0.05 pug progesterone,

2e¢1e2 The Method of Short (1958). The average
recovery is 73%, The sensitivity and specificity of the method
is wvithin the acceptable limits., -

2¢1s43 The Method of Sommerville & Deshpanda (1958),
Alumina column was used instegd of paper chromatography. The
method is simple and suiteble for clinical use but the sensitivity

is low and thc specificity is also questionable,

L ] *



Bel¢% The Mothod of Ourtel st =l., (1959)e This
procedure. yields high values but is of doubtful specificity.

2e1e5 The Method of Heap (196&), The sensitivity
and specificity of the method are vithin the acceptable limits.

2140 The Method of Touchstone & Murawec (1960).
In this method, fluorescence reaction is used as an endé point
for the determinztion of progesterone in plasma.

2e2 Gas chromatographie methods

2e241 The Method of Collins & Sommerville (196L),
The procedurec is_claimod to be capable of detecting as little
as 0.0igpg progesterone, and recoveries of added hormone are
stated to be greater than 80%.

22,2 The Method of Luisi et al., (1965). The
accuracy of the method is 90%. Reproducibility and specificity
are reasonable, waile the method is capable of measuring 0.2 ug
progesterone per 100 nl plasmz,

hs with most procedure involving gas~liguid
chromatography, the technique is laborious, and is therefore not
suitable for routine clinical use,

Ze53 Isotopic methods

2e”e1 Thc Method of Woolcver & Goldfein (1963).
The method, although laborious, ic reasonably sensitive being

capable of detecting as little as Oe1 mg progesterone,
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2+3.2 The Mcthod of Wiest (1967). The method is
capable of estimating progesterone level ranging from 0.05 to
1.0 pug with an error of 10% or less.

2e3e3 The Method of Riondel et al., (1965), This
is a2 double isotopic procedure in vhich both the tritisted
progesterone and the progesterone in the unknown plasma sample
ere labelled with S-35 thiosemicarbazicde. Recoveries are low,
the coefficient of variesbility being 7.5% and no interference
by other steroids,

2.4 Competitive protein binding anelysis

This procedurc is an assay in which specificity is
essentially dependent upon the specialized binding properties
of a protein, The specificity of the method is asscssed by
analyzing the displacement effect of various steroids (de Souza
et al., 1970)s Among the related steroids, progesterone readily
displaces BH-corticosterone, 94 , 1OP -progesterone, A 4’6-

progesterone, 17 o ~hydroxyprogesterone and 20 L -dihydroproges=-

[l

terone which have the influencc. as_strong binders i7ith thé certisol

binding globulin (CBG) binding activity of progesterone; while
L, 16

9#, 10 & -progesterone, f °’ -progesterone, 16 & ~hydroxy-

progesterone and 30}3 ~dihydroprogesterone are the weak binders

or inactive,



2eke1 The Method of Neill ot ale, (1967), This
method indicatad an average recovery of zapproximaote 75% and is
capablz of measuring as little aco Q.5 ng progesterone with a
high degreec of precicion,

2e4e2 The Method of Yoshimi & Lipsoit (2968), The
accuracy as judged by recovery experiments is approximately 100%,
Using & 5 ml sample of Plasma, 3 ng progesteronc per 100 ml could

readily be detected, indicating that the method was highly

m

sengitive,
However, the major problem which remains to
b>» solved is the assessnént of the Specificity.

1M AGGO A
2.5 Radioimmunoassay methods (RIA)

Since the advent of RIA sbout a2 decade ago, this principle
har: been applied to =2lmost all the known peptide hormone. More
recently, this technicue vas used to measure sgteroid hormones
with a detection method employing entisera raised against these
steroids as specific binding reagents,.

Principle of RIA

[N

The hormone to be measured is represented as antigen "Agh,
The first step consists of the addition of radioactive TAgT to

the biological mediunm. Following cquilibration, Ag may be extractad
and purified, recovery being obtained by the radioactivity present

in the final extract, Subscquently the extracted hormone is mixed

with a specific antibody "Ab" in such relative dilution, that part

| \7A3A774



of Ag reacts with Ab (bound Ag) and part remains in the unreacted

form (free Ag), (See Figure 6, page 15).

Ag

Extracted, Purified |Extracted
Ag

//’ Recovery determined

“AbY added

Free Ag . Ag=4b
[_________l Complex

Figure 6 Fundamentel principle of RIA

Redioactive
Ag

(Modified from Ekins and Newvman, 1970)

Each of the given steroid and labelled steroid have the
affinity to bind the same antibodye. If the unlabelled steroid
is increased, it wiil compate with the labelled steroid for
the binding sites of antibody which is always éonatant.

According to Berson (1968), the two Qajor edvantages of
RIA are its applicability to all material of antigenie nature
whether they be hormones or not, and it provides A level of
sensitivity which is generally much greater than those found

with other types of procedurae.
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RIA also have other advantoges, OSpecificity of RIA for
o single compound makes the experiment more reliable =lso due
to the high sensitivity of RIA, small amount of sample can be
used for th=2 assey. DNo special skill is required during RIA
but cleanliness and carefullness must be taken into account.
The other advintage is that one can assay a large number of
samples in a2 considerably short period of time.

There are also some disadvantages as radioactivity
handling and some of the reagents c.g. antibody, may not be
availazble commerciellye Lastly but not least, the cost of‘
equipment ic high.

To meperatce Iree steroids from bound steroids, 2 popular
procedures, the double antibody and the activated charcoal, =zre
useds The former technique recuires « second antibody wvhich
is generally more expensive in comparison to the cost of the
charcoale. In this study, the latter technicuc was applied in
the ceparation of free and bound hormones.

The project wag carried out in the following manner:

I Standardization of the method

I1 Physiological studies of progesterone levels in

(i) HMenstrual cycle
a) Normal menstrual cycle

b) Contraceptive treated menstrual cycle



(ii)

Pregnancy
a) Normal pregnancy

b) Postpartum period
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