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INTRODUCTION

In Both sexes, the gonads have a dual function: The
production of germ cells {gametcgensis) and the secretion of
sex hormones. The testes secrete large amounts of androgens
principally testostercne which 1induce secondary sex
characteristics typical of the male.The ovaries secrete large
amounts of estrogens which stimulate typical female secondary
sex characteristics and as well growth and development of the
female reproductive organs. progesterone i1s another stercid sex
hormone secreted by the ovaries and has a special function in

preparing the uterus for pregnancy.

The secretory and gametogenic functicns of the gonads are
both controlled by the secretions of the anterior pituitary
gonadotrophins FSH and LH. The sex hormones act as a feed back
throughout the hypothalamus to inhibit gonadotrophin secretion

{Ganong 1377)}.

Any disturbance in the level of these hormones may result in
many disease states in both sexes as infertility, hypogonadism,

amenorrchea and hirsutism.

Thus the laboratery determination of sex hormones 1is
essential to diagneose many different diseases (Chattoraj et al

13886).
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II

Aim of the Work:

I. The aim of this work is to write an essay on:

Biochemistry, physiclogical pathway, methodology and

clinicopatheleogical ceonditions on the follewing sex hormones.

1. Testosterone
2. Estrogens.

3. Progesterone.

II. To discuss the precision and accuracy of the clinical

laboratory methodologies of the above mentioned sex

hormones.
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[A] ANDROGENS

1. Chemistry and Types

Androgens are a group of Ch.g sterclds which exert profound
influence on the male genital tract. They are concerned With
the develcopment and maintenance ocf secondary male
characteristics, hence they are called male sex hormones.

Testosterone is the principal member of androgens.

The structural characteristics of this steroid are
unsaturated bcocund between C; and 5, a ketgone group at Cx
{A'-3-keto}), and a hydroxyl group in the [ pesition at C.s.
The hydroxyl grcup in the 17 [ position as well as the
cxygen atom in the C; positicn are essential for biclogical
activity (Chattoraj, 1976 & Roy, 1980). The formulas of
testostercne and dihydrotestosterone are shown in Fig. {1}

from Chattorai (1378)

There are many different androgens, which have widely
differing biological activities. They are to a considerakle
extent interCQHVErted after secreticn. Several structural
modifications of the basic stercid nucleus are required to
enhance andrggenic activity (Roy,. 1380). Testostercne is
biologically the most active steroid, while andro-stenedicne
is considerec as an intermediary metabolite which is
likewise intermediate in potency between testosterone and

androstercne (Tatt and Horton, 1966).
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Fig. {1} Chemical struciure of androgens
Central Library - Ain Shams University



Dinydrotestosterone (DHT) is practically not secreted as
such but o¢originates from peripheral conversicon of
androstenedicne and to a mincr extent of testostercne (Lfo
and Horton, 13%71). 1t reflects therefore, an essential
peripheral formaticn of androgens (Vermeulen, 1850). This
transformation cccurs when the hormones enter the cells of

most androgen sensitive tissues (Mahoudean et al., 1971).

Dehydroepiandrosterone {DHEA} 1is secreted in large
amounts {about 80%) from the adrenal c¢crtex as sulphate
ester and as free alcohel form (Bird et al. 13878 &

Vermeulen, 1284).

2. Biosynthesis of Androgens

Testosterone is the major androgen produced ky the testis
and its primary site of synthesis is the Leydig celis. Cther
sites ¢f syrthesis in the body are the adrenal glands, in
addition to the ovarlies in females,

a. Testicular androgens

i. Cytoarchitecture of the testis

Interstitium and seminiferous tubules. The
interstitium <contzins bicod wvessels, lymph wvessels,
fibroklasting supporting cells, macrophages, mast cells, and
Leydig cells. The interstitium cccupies zbout 34% of the

testicular velume of human testis, of which the Leydig cells
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account for about 5-22% (Christensen, 1975 and Kaler ¢

Neaves, 1878).

According to Kaler and Neaves (1978) human Leydig cells
at the light micreoscopic lewvel appear as rounded or
polygonal cytoplasmic profiles staining with the periodic
acld-3chiff reacticn and often centaining a round nuclear
profile with nucleolus, scattered individually or in
clusters throughout the testicular interstitium. Christensen
{1575) described the ultrastructure of the human Leydig cell
as characterised by prominent mitochondria, abundant smooth
endoplasmic reticulum, scattered patches of rough

endoplasmic reticuium, and lipid droplets.

The seminefrous tubules contain germinal elements and
supporting ceills. The supporting cells include the
Susténtacular cells of the basement membrane as the sertocli
cells., The germinal elements comprise a population of
epithelial cells including a slowly dividing primitive stem
cell populaticn, the rapidly proliferating spermatogceitia
spermatocytes undergoing meicsis and the metamorphosing

spermatids.

ii. Testicular androgen synthesis.

In Leydic cells, testosterone 1is synthesized from
cholestercl or directly from active acetate acetyl co-enzyme

& {Guyton, 1381).
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Cholestercl 1s probakbly synthesized from acetate rather
than being derived from dietary cholesterci in the blecod
fennick, 1%72). The testicular biosynthesis of cholesterol
from acetate cccors in Lthe endoplasmic reticulum and
involves the usual intermediates of cholesterol formation

such as mevclate, squalene and lancsterol {(Dennick, 1872},

Normally, 95% or more of the cholestercl in the testis is
present in an unesterified form {Van der Molen et al.,
1972} . The newly formed cheolesterol from acetate mixes with
the pool of free cheolestercl used for testostercne
synthesis. Production of testosterone may alsc reguire
hydrolysis of cholesterol esters under the influence of

luteinizing hormone (L) (Pokel et al., 1972).

There are five enzymaitic steps necessary for the

conversion of cholesterol to testosterone. Three of these

enzymes 20,22-desmolase, 3 [ hydroxysteroid denydrogenase

and 17-hydroxylase, are commen to the synthesis of adrenal

hormones as well as androgens. The other two enzymes 17,20

desmolase and 17 f hydroxystercid¢ dehydrogenase are unique

to the pathway of androgen synthesis (Walsh and Amelar,

1877).

In the presence of the appropriate hydroxylating enzymes

20 o hydroxylase, 22 hydroxylase and 20,21 desmolase, the
Central Library - Ain Shams University
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is acted upon ky 20-desmzlase enzyme which causes side chain
cleavage and formation of pregnenclone (Bardin and Paulsen,
1%81}). The cholesterol side chain cleavage activity is
probably located in the mitcchondrial membrane (Van der
vusse et al., 1975), and requires nicotinamide adenine
dinucleotide phosphate {(WADF), molecular oxygen, an enzyme
systoem contaiéing cytochrome pd50, a flavoprotein, and a non
heme-iron pretein {Oshima et al., 1377). It 1s regulated by
the luteinizing hormone {LH) which may act by enhancing the
assocliation between cholesterol side chain c¢leavage
cytochrome p450 system in the mitochondria (Mason et al.,

1973).

The androgen bicsynthesis now proceeds along two major
pathways. Cne of them is the delta 4,3 ketesteroid {(A4d)
pathway with the lintermediates progestercne, 17-0H-
progestercne, Ad-androstenedione. The other one, along
delta-5, 3 [ hydroxy {AS5) pathway, with the intermediates
(17-0OH~pregnenolaone, dehydro-epliandrostercne andreostenediol}

fHalli, 137%). In man, the majcr pathway of testosterone

biosynthesis is wvia the A5 pathway, while in cther species

it preceeds via the A4 pathway (Bardin and Paulsen, 1381).

In A5 pathway, pregnenolone 1is converted into 17-0H-

prenencolone by the acticn of 17-hydroxylase enzyme, then in

the presence of 17,2Z0-desmolase enzyme, the side chain of Cq,
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positicon of the last compound is cleaved off giving rise to



