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The thesis describes the development of specific reproducible radio-
immunoassays for dehydroepiandrosterone (DHA), DHA sulphate (DHAS) and,
pregnenolone. Jistinct diurnal variationé are demonstratéd for bHA,.
pregnenolone and DHAS, the secretory episodes of DHA and pregnenolone
cceurring synchronously with cortisol suggesting control of sec;etion

by adrenocorticotrophic hormone (AJTH). Three eramples of a divergence
betireen the secretion of cortisol and the adrenal androgens DHA and DHAS
are described, suggesting the presence of a specific adrenal androgen
stinulating hormone (.i#). 2rolactin has been proposed as the postulated
AASH and although a good correlation is demonstrated between the plasma

levels of both DHA and DHAS with prolactin, it was concluded that

prolactin is not the postulated 24a3H.

The adrenal androgens have been implicated in the aetiology of breast
cancer, however, in the patients witn breast cancer reported here no
significant difference was found between the plasma leyels of either DHA
or DHAS compared to matched control subjects. However, the levels of DHA
in normal breast tissue are significantly lower than those in bfeast
tumour tissue., Significant correlations are shown between the
concentration of steroid in plasma to that in endometrial tissue and the
role of plasma bound and free steroid in regulating tissue steroid

levels is qiscussed.



The existence and possible éite of origin of novel non-polar conjugates
of pregnenolone, DHA and androstenediol is reported. Flasna levels of
the non-polar conjugates of pregnenolone, DHA and androstenediol in
pre-meqopausél women are #5?mm00, /63m4ﬁ and 0 %mflf respectively.
Increased levels of the non-polar conjugate of DHA ace seeﬁ in hirsute
patiénts Cﬁfhmd77 ) while both the non-polar conjugates of pregnenolone
and DHA are elevated in patients with acne. A possible role for the

non-polar conjugates in the aetiology of hirsutism and acne is proposed.
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ABB.{ZVIATIONS AND TIIVIAL NAMSS

Abbreviations commonly used in the text are listed below:

AJTH, corticotrophin; BPA, bovine plasma albumin; HGG, human gamma
globulin; UJBG, corfiéés%éroi& binding globulin; DHA, dehydro-
eplendrosterone; DHAS, dehydroepiandrosterone sulphate; FSH, follicie’f
stimulating hormone; 1H, luteinising hormone; SHBG, sex hormons
binding globulin; 10, carboxymethyl oxime; TLC, thin layer

chromatography; HPLC, high pressure ligquid chromatography;

AASH, adrenal androgen stimulating hormone.

The following trivial names have been used:

sndrostenedione, 4-androstene-3, 17 dione; coftisol, 11B, 17,
21-tri-hydroxy~4-pregnene-3, 20-dione; dehydroepiandrosterone,’
3p~hydroxy-5-androsten~17-one; dihydrotestosterone, lZB-hydroxy-
5o~androstan-3-one; testosterone, ljﬁ—hydroxy-u-androsten-3-one;

pregnenolone, 3¥-hydroxy~57pfg5nen-20-one.
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INT.4CDUCTICT

Bteroid hormonecs are generally divided into threé main groups depending
on the bioclogical effect elicited in various test bloassay systenms,
Of the three groups, mineralocorticoid, glucocorticoid and sex
hormones, it is a subgroup of the latter, the "androgenic steroid"
hornones that will be the topic of investigation in this study.
Zncompassed within the group of "androgenic steroids" are many‘

te P 2

commounds of differing molecular structure, site of production within

the body, biological activity and physiological importance.

In the human the peinciple circulating androgens are testosterone,
dihycrotestosterone (JHT), andros-5-ene-3B, 17B diol,
dehydroepiandrosterone (JH.), androstenediag,5c<androstane-3c(,

17p Giol and DHA sulthate. Testosterone and DHT are the most potent
androgens srith DHA and androstenediol only having 163 and 3% of

the notency of testosterone as assessed by the capon comb assay
(Dorfman and Shipley, 1956). The relative degree of potency depends

on the assay system used.

Some androgenic steroids have been studied for many years and their
biological role and significance is quite well understood, e.g.
testosterone and DHT, however, for a number of other androgens no major

biological role has yet been proven e,g. DHA and DHAS,
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Circulating androgens in plasma derive from the testis, ovary or
adrenal cortex, either by direct glandular secretion or by conversion
from less active precursors. The concentration of individual steroids
in plasma is determined by the relative glandular secretion, the

interconversion of prehormones and the metabolic clearance rate.

In the human 957 of plasma DHAS (Abraham, 1974) and 807 of DHA (Abraham
and Chakmajian, 1973; Nishida EE_EE’ 1977) is produced by the adrenal
cortex, with androstenedione, 507 in women (Abraham, 1974) and 707 in
men, also being a major product. As the major site of production is the

adrenal these steroids have become known as the adrenal androgens.

The biosynthesis of adrenal androgen by the adrenal cortex is thought to
occur quantitatively in the zona reticularis although androgen
production by the zona fasciculata and reticularis may be quaiitatively
very similar (Maroulis and Abraham, 1980). The zona reticularis
produces more sulphoconjugated steroid than the zona fasciculata (O'Hare

et al, 1980).

The common precursor for steroid synthesis is chélesterol which can be
formed by synthesis from acetate by both the gonad and the adrenal
cortex. The latter can also obtain cholesterol by uptake from low
density lipoprotein (LDL) cholesterol which binds to specific receptors

on the adrenal cells (Brown et al, 1979).
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The synthesis of pregnenolone from cholesterol by the adrenal is under
the control of the pituitary adrenocorticotrophic hormone (ACTH),
H0s5ibly by affecting the binding of cholesterol to a cytochrome

=150 involved in side chain cleavage (Simpson et al, 1971).

Two malin nathiways exist for the formation of the adrenal androgens,
both of vhich start from pregnenolone, the delta five pathway to

DH/ and androstenediol (lieher and 'Jettstein, 1960), and the delta four
-ethway to androstenedione and testosterone (Slaunwhite and Samuels,
1256}, fig. 1.1. Inter-conversion between the two pathways is possible

by the action of the delta 3-5 isomerase dehydrogenase enzyme complexX.

A third biosynthetic pathway, the so called "sulphate pathway", has
been reported from cholesterol sulphate through to DHAS which occurs
ithout the loss of the sulrhate moiety (Calvin et al, 1963; ‘
ioberts et al, 198%; Baulieu et al, 1965). inapstein et al, (1967)

have suggested that the sulphate pathway can progress to oestrone

sulvhate but there is little evidence to support this.

Assuning the sulphate pathway has a similar biosynthetic sequence to
the unconjugated steroid the production of oestroﬁe sulphate requires
the synthesis of androstenedione sulphate. The existence of
androstenedione sulphate in plasma 1s controversial due to the
instability of the proposed 3-enol sulphate structure of.the steroid
A ring. Goodall et al, (1981) have reported the presence of
androstenedione-3-enol sulphate in plasma but the work has not

been duplicated.
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Tissues other than the endocrine tissues also possess the ability to
take up steroid from the peripheral circulation and convert a
blologically inactive steroid to an active product via the pathways
described above prior to releasing the steroid to the circulation

or using it intracellularly at the site of production.

The conversion of the adrenal androgens to biologically active
metabolites has been demonstrated in vitro for a number of tissues,
JHA to DHT in skin (Thomas and Oake, 1975), androstenedione to
oestrone in adipose tissue (Siiteri and lacDonald, 1973), DA and
endrostensdione to androstenediol and DHT respectively by pulmonary
endothelial cells (Ililewich et al, 1983) and in vivo by muscle
tissue of androstenedione to oestrone (Longcope et al, 1978).

For a number of steroids peripheral production is the major séurce
of their nroduction. In postmenopausal women proof of the existence
of the "sulphate pathway" to oestrone sulphate would be of importance
as these women derive the majority of their oestrone via peripheral
conversion of androstenedione (Siiteri and MacDonald, 1973). As
the unconjugated steroid can be formed from the conjugated steroid
the presence of oestrone sulphate formed from DHAS via
androstenedione-3-enol sulphate would provide another source

of oestrone production, which may lead to excess oestrogen production.
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The importance of DHA as a precursor to androstenediol by peripheral
conversion is controversial. Bird et al, (1979) claim that all
plasma androstenediol can be accounted for by peripheral conversion

of DiiA, while Demisch et al,;(l973), clain that 30% is produced by

peripheral conversion of DHA with 60% secreted by the adrenal.
The latter information would suggest that despite a low androgenic
activity androstenediol should be included with DHA, DHAS and

androstenedione as an adrenal androgen.

The association between ACTH secreticn and cortisol production by
the adrenal cortex has been known for a long time and it has been
assumed that as DHA and androstenedione appear in the plasma
synchronously with cortisol that ACTH also controlled the secretion
of the adrenal androgens. In recent years there have been a, number
of reports of clinical situations in which the secretion of cortisol
and the adrenal androgens is divergent (Farker and Odell, 1980).
These findings have led to the suggestion that there is another
pituitary hormone that controls the secretion of the adrenal
androgens, the so called "adrenal androgen stimulating hormone"
(AASH). =Proof of the existence and identity of the AASH could be ‘
inportant in the understanding of the aetiology of a number of -

clinical situations of androgen excess.

An increased plasma concentration of a steroid does not necessarily
result in an increased "biological effect" as the steroid has to

cross the cell membrane before an effect can be elicited.
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It is generally believed that the unbound steroid represents the
biologically active fraction which crosses the cell membrane

(Giorgi, 1980).

In plasna, sterolds are bound either to albumin or to a specific
binding »rotein. Of the delta five steroids only androstenediol -
has the 1?$CH group that facilitates binding to the sex hormone
binding globulin (SHBG) (Cunningham et al, 1981). 4s a result
70,5 of plasna androstenediol is bound to SHBG. Binding to the
low affinity hizh capacity albumin accounts for the majority of
becuad nreznenolone, 965, DhA, 3855 (Hunn et al, 1981) and DHAS,
reater than ¢5,5 (Jang and Bulbrooiz, 1967). iecently Pardrige,
(1231} has sugzested that the albunin bound steroid fraction may

bec capadle of crossing the tissue membrane.

To my “nowledge there are no reports correlating the plasma level
of frece steroid to the intracellular level of that steroid. It

is possible that in some clinical situations there i; an increased
intracellular metabolism of a precursor steroid to an active
product which results in a biological response with no apparent

alteration in the plasma total or free level of the active steroid,

Despite a great deal of investigation no specific biological role
for DHA or DHAS has been found other than the role of precursor to
the active steroids, e.g. during pregnancy DHAS. is of major

importance as a precursor to the oestrogens (Gant et al. 1971).



The adrenal androgens, DHA and JHAS, have been implicated in the

-~

etiology of breast cancer in two ways. The first as precursors to

o

-

ol, a steroid that has been shown to compete with

| oaid

anarostened
oestradiol for the oestradiol cytoplasmic receptor and to induce
biological responses characteristic of oestradiol, Van Doorn et al,
(1981), and secondly as a modulator of the enzyme 17 hydroxysteroid
dehydrogenase which 1s responsible for the interconversion of
oestrone and oestradiol, (Reedelal,1982). Bearing these points in

nind it sas inportant to investigate the relatlonship betireen

o

nlasna and tissue levels of DHA and DHAS and to assess the

-

relationship betusen the levels of DHA and DHAS to tissue

W]
V3

nirostensdicl levels and the activity of tissue 17 hydroxysterold

Jdehydrogenase activity in patients uith breast cancer.

3efore any study of the possiblc alterations in plasma steroid level
in patients can be made it is impoxtant to have a good data base

of the normal variation in steroid levels that can be expected.

A great many factors can affect plasma sterold levels among which
age, sex, stage of menstrual cycle, time of day or year, weight

o

and drug therapy are the main ones.

To investigate physiological levels and changes“in hormone
concentration an accurate, specific assay technique is required
with sufficient sensitivity to measure the steroid in as small a
volume of sample as possible, The latter point is important in

the investigation of the steroid through a diurnal profile in which

a large number of blood samples are taken.
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The develoément of the immunoasséy has fulfilled these requirements
for the measurement of most hormones. Simple extraction or direct
imnunocassays are ideal in that large ﬁumbers of samples can be .
processed quickly, however these methods generally require a highly
specifié antiserum, Thexefore to study the steroids of the delta
five pathway it was necessary to obtain specific antisera and
develop reliable, sensitive immunoassays using these antisera for

1,

the steroids of interest. .n

A -

A8 with nost aréas of study there is always the possibility that new
o= zlternative forms of the compound(s) of interest will be
discovered. Jne such new family of steroids are those conjugated

to fatty acids as first described by Hochberg et al, (1977). Until
recently these compouands had only been described in bovine tissue,
hoirever, I weport in this thesis the demonstration of similar ‘
conjugates present in human blocd. The importance and physiological’
role of these non-polar derivatives have yet to be elucidated. ‘
The ailm of this study was to investiéate aspedfs of ;drenal

androgen netabolism especially the-steroids-qf the delta five

pathway. The aspects investigated include control of adrenai .- -
androgen secretion and the study of possible variation and roles . -
of these steroids in normal and diseased conditions. The
relationship between plasma and tissue ievels of steroid and the -
'metabolism of the steroids of the delta five pathway to noﬁ?pélaf’;

conjugates have also been investigated.



2.1 llaterials and llethods

N\

a) c<hemicals

211 chenicals excevt where stated vere supplied by Fisons Scientific
Apparatus Ltd., ioughborough, aingland. Helix pomatia sulphatase
(596256) was supplied by Sigma London Chenical Company Ltd., Poole,
Corset, singland. All unlabelled steroids were obtained from
Steraloids Ltd., Croydon, Zngland. Sephadex G25 (coarse) and
Zextran T70 were obtained from Tharmacia Fine Chemicals, Uppsala,

Sweden.

2
/1,2,6,7,(n) 5/ testosterone (94 Ji/mmol), ZT,Z,é,?,(n)?§7
androstensdione (91 Ci/mmol), /1,2,(n) £7 dihydrotestosterone
(65 cifamol), /7, (ﬂ‘?ﬁ? - nregnenolone (14 ¢i/mmol), Z?(a)?§7

/

(1t Zifrmol) end /1,2,6,7, (H, H/ DHA (

6 ¢i/mmol) were obtained
Tron amershan Internationel, Amersham, Ingland. |
L?(ﬂ)BH JHas (2% Gi/maol) and [:T,z,(n)%_ﬂ androstene 3B, 17p diol
(59 ¢i/mmol) were obtained from Hew £ngland Nuclear Chemicals,
GmbH, Dreieich, West Germany. radiolabelled steroids were tested

for purity at regular intervals (3-6 months) by paper chromatography

or TLC and purified if necessary.

Acid washed charcoal (Norit A) and human gamma globulin were purchased
from 3igma, Poole, Dorset, FEngland, Bovipe plasma albumin from

Armour Pharmaceuticals, Bastbourne, HEngland. -
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b) ueagents

Borate buffer (0.05l1) was prepared from Boric acid (3.2g) dissolved
in 1 litre of distilled water and made to pH 8.0 using 2.1 ml 21 NeOH.
Acetate buffexr (0.21) was prevared from sodiun acetate (4.1g)
dissolved in 250 ml distilled water and made to pH 4.8 with glacial

cetic acid, 3cintillator ias nrepared from 12g p-terphenyl, 0.16g

u)

dimethyl -070r and 20 nl methanol made to 4 litres with toluene.

sthancl, methanol, ethyl acetate and dichloromethane were distilled

)
F
o«
&)
£
0]
@

.
noALC

Glass extraction tubes, & in x ©/8 in and 3 in x 0.5 in were supplied
Dy Glass Jnholesale Supnlies, Gable Street, London %.1. Stoppered

glass tubes were obtained from Juickfit and Quarts, Stone,

staffordshire. Glass assay tubes 2 in x 7/16 in controlled neck shell
tubes No. 3/G/D/08/015/02/a were obtained from F.B.G. Trident Ltd.,

Temple Cloud, 3ristol, ingland.

Precoated aluminium-backed silica gel thin layer chromatography plates
(Merck 5553) were supplied by BDH Ltd., Poole, Dorset, England.
Chronatography paper No. 2 was supplied by whatman Lab. Sales Ltd.,
Springfield Mill, Maidstone, Hent, England. Sadiochromatograph
imaging system and strip scanner were manufactured by Panax Equipment

Ltd., Bournmouth, Dorset, fngland.

Plastic 5 ml scintillation vials were obtained from Hughes and Hughes
Itd., lomford, Bssex, England. A refridgerated Packard Liquid

Scintillation Counter was used.



2.2 Chromatography of steroids

Despite recent improvements in the raising of antisera with high specificity,
some cross reaction to closely related steroids is still seen.
Chromatography is the traditional approach to isolating the steroid of
interest from a plasma sample and is still important for the validation of

a non-chromatographic immunoassay. A number of chromatography systems ha%e
been investigated using both paper and thin layer supports to purify the
steroids under investigation in this thesis. The chromatography systems
used and the steroid mobility in these systems are shown below and in

table 2.1.

<hromatography systems

Paper systems:
1) Bush B3. Petroleum ether:toluene:methanol:water (660:340:800:200 v/v/v/v).
2) Bush A. Heptane:methanol:water (1000:800:200 v/v/v).

3) Bush B239. Di-isopropyl ether: ligroin:t-butanol:0.88 ammonia:water

(5:2:3:1:9 v/v/v/v/V).

Thin layer systems:

1) Dichloromethane:ethyl acetate (93:7 v/v). T
2) Dicﬁloromethane:acetone (80:20 v/v). ’

3) Chloroform:acetone (85:15 v/v).

4) Chloroform:methanol:0.88 ammonia (80:20:02 v/v/v).

5) Isopropanol:chloroform:methanol:water (10:10:5:2 v/v/v/v).

6) Dichloromethane:1,4 dioxan (96:4 v/v).



" Table 2.1

FREE Paper Conjugated Faper

STEROID SYSTEM @1 () 1. é. Steroid 3 L

Cortisol 0 0 - - Testosterone 804 7.5 -

DHAS 0 0.5 - - strone 50, 10.8 9.0
Androstene 3}317}3 Dicl 9.2 1.5 h.4 h,0 listradiol 17—804 11.0 -
17 Hydroxy Progesterone - TR L.8 - D.H.A. 80, 21.0 8.2
D.H.A. 23.0 {12.0 8.1 7.2 Epiandrosterone 804 27.0 -

Androstenedione 28.0 |16.0 9.9 10.8 Pregnenolone SO, L -

Androsterone - 122.5 - - D.H.A. Glucuronide - -

Pregnenolone - |24.5 9.4 -

Progesterone - 135.0 12.0 -

Dihydrotestosterone 22.0 - 8.2 7.9

Estrone - 12.6 -

Estradiol - 7.2 -

Testosterone 18.4 L.9 9.9

Etiocholanolone - - -

3ol56 17B Androstanediol h.h - 3.1

16Hydroxy D.H.A. - 2.3 -

Relative mobilities of steroids in the systems used (cm)




2.3 Freparation of conjugate

a) Mixed anhydride reaction

The mixed anhydride methodology was as described by Erlanger, et al
(1957).

Due to the small amount of the DHA-7-carboxymethylamine (DHA-7-CMO derivative)
available to us, an initial reaction was performed using DHA-3-hemisuccinate
(DHA=3~HS).

1n

1. DH2-3-HS (5 mg) was placed in a stoppered Quickfit 4" x 3" glass tube
attached to a silica gel trap and the steroid dried in a vacuum oven at 45°¢
for 2-5 hours. Dimethyl formamide (DHF, 500 pl) was added to the dry steroid
with constant stirring using a magnetic flea and the temperature taken to 0
by placing the vessel in an ice bath. To the steroid solution add 50 pl of
tri-n~butylanine (TN3, diluted 1:15 with DMF), in 10 i aliquots'followed by
50 pl of isobutyl chloroformate (IBCF, diluted 1:28 in DWMF), in 10 pl aliquots,
both additions being made with constant stirring. The mixture was allowed to

react at 0°C for 35 minutes.

The protein solution was prepared by the dropwise addition of 1.5 ml of DMF
to 1.5 ml of distilled water contalnlng 30.1 mg of bovine serum albumln.
During the addition of the DMF the temperature of the reaction was taken to
-10%¢ by immersing the reaction vessel into an ethanolic dry ice bath.-
During all subsequent stages the pH of the reaction mixture was maintained

at 8.0 with 0.05l1 sodium hydroxide,



After Jdilution of the protein solution the activated steroid was added
dropwise with continuous stirring and maintenance of pH and temperature.

The reaction was allowed to continue for 3-5 hours.
2. The reaction method was as described above, except the DHA-7-CMO
derivative was used. The ratio of reactants was kept the same as for-

experiment 1, with 3.8 mg of steroid and 22.4 mg of protein.

b) Separation of reaction products

Dialysis was used to separate the products from unreacted material.
Viskin tubing (36/32" diameter) was soaked for 24 hours in distilled
water prior to use. The reaction mixture was sealed into the tubing, and
dialysed for 100 hours against a continuous flow of distilled water.
After dialysis the tube contents were removed and the conjugate assayed

for incorporation of DHA.

¢) Estimation of steroid incorporation

Due to the lack of a radiocactively labelled or UV absorbing steroid in

the conjugate the degree of steroid incorporation was estimated

colourimetrically.

d) Measurement of BSA

To estimate the amount of protein present in the conjugate the method of
Lowry (1951) was used. Aliquots of the conjugate solution were taken
(50-200 pl) and the volume made to 400 pl with distilled water. A standard
curve was prepared from a 1 mg/ml aqueous stock solution of BSA to cover the
range 5-100 pg/200 ul. To each sample add 2 ml of reagenf made from 50 ml
of 2% sodium carbonate in 0.1M sodium hydroxide containing 500 pl of 2%

agqueous sodium tartrate and 500 ul of 1% aqueous copper sulphate.



The reagents were mixed and allowed to react for 10 minutes prior to the
addition of 200 ul 1M Folin Ciocalteau reagent. The solutions were mixed
and allowed to stand for 30 minutes prior to reading the extinction at
750nm on an SP 500 spectrophotometer. Inclusion of excess amounts of

DHA in the reaction mixture did not result in a false positive reading.

e) Dleasurement of DHA

The reaction of Zimmerman (1935) was used to determine the incorporation
of DHA into the conjugate. Aliquots (100 pl) of the conjugate solution
were taken and made to 200 pl with cthanol. A standard curve was
prepared to cover the range 5-100 ng/100 pl ethanol, and the volumes
made to 200 pl with distilled water. To each tube add 400 ul of freshly
prepared Zimmerman reagent, prepared from equal volumes of 1%
m-dinitrobenzene in ethanol and 40% aqueous benzyl tri-methyl ammonium
hydroxide. The tubes were stoppered, contents mixed and incubated for

1 hour at 2503 in the dark. The reaction was stopped by the addition of
3 ml of ethanol, and the extinction of the solution read at 440nm, 520nm
and 600nm. The mass of DHA present in the solution was calculated from
the extinction obtained from the Allen equation (E;orr =

EEZO - 0.5 (E446 + E600)), and read from a coriected standard curve.

Masses of BSA up to 100 pg per assay tube gave no positive colour reaction.

The degree of incorporation was calculated from the formula:=-

mean mass of steroid

mol steroid/mol protein = mol wt. of steroid

mean mass of protein

mol wt., of protein

The molecular weights of DHA and BSA used were 288 and 70,000 respectively.



The degree of DHA incorporation by the methods described above are shown in

table 2.2.

Table 2.2 Conjugation ratios and steroid incorporation

Molar Ratio

Reaction KNo. st:ICBF: TNB: BSA DHA-derivative mol steroid/mol protein
2 4:20:7.6:1 DHA-3-HS 17.0
2 4:20:7.6:1 DHA-7-CIMO 9.1

f) Preparation and storage of conjuzates

tfter estimation of the incorporation of steroid onto the protein, aliquots
equivalent to 1 mg ofrconjugate were pipetted and lyopholysed in separate

vials prior to sealing and storage at -20°¢.

2.4 Immunogen preparation and immunisation procedure

a) Ireparation of immunogen

To 1 mg of DHA-7-110-38A conjugate, 1.7 ml of sterile saline was added

followed by 3.4 ml of Freunds complete adjuvant (FCA). The mixture was
emulsified by alternately vortex mixing and asPifating through a syringe
needle, The preparation remained as an emulsioﬁ aftef leaving overnight

at 4°¢.

b) Immunisation procedure

’

Three two year old rabbits were used, one male and one female half lop
and one male Neq Zealand wWhite., The immunisation methodrof'Vaitukaitis
et al, (I971) was used. 1.5 ml of the emulsion containing 295 g of

conjugate was injected intradermzly into 30 sites on the shaved back of

each rabbit.




Ulceration was present for 4-8 weeks after immunisation but the degree of

ulceration did not reflect the development of antibody.

c) Booster injections

Booster injections were given intramuscularly to the hind leg with 160 re
of conjugate emulsified in saline:F.C.A. in the ratio 2:1 with a final
volume of 300 ml. Booster injections were given at 4, 8, 22, 34 and 60 weeks

after the initial immunisation.

d) Test bleeds

Test bleeds (5 ml) were taken from an ear vein at varying times after each
booster injection but never less than 1 week. Large bleeds up to 30 ml were
taken by the same method if the test bleed showed the antiserum merited

further investigation.

After collection, the blood samples were placed in a 3700 oven for 2 hours
to allow clot formation, followed by 16 hours at 4°C to allow clot retraction.
The blood was centrifuged and the serum aspirated. Antiserum titre was tested

prior to freezing the serum and storage at -20°.

2.5 BEvaluation of antisera

a) Antibody titre

All bleeds were tested for titre within 24 hours of collection, thus enabling
a large bleed to be made with the minimum of delay if the result looked
promising. Antibody titres are expressed as the final dilution of antibody

in the assay tube required to bind 50% of the added label.
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Antibody dilution curves were performed with and without the addition of
640 pg of unlabelled DHA to indicate the antibody dilution at which maximal
displacement of labelled DHA was obtained. The unlabelled stgroid was added
to the methanol washed, control neck shell tubes (assay tubes), in ethanol,
evaporated to dryness in a vacuum oven at 4000 prior to the addiéion of the

reagents.

Doubling dilutions of antiserum were made in 0.05M borate buffer (pH 8.0)
containing 0.125% v/v Human gamme globulin and 0.08% v/v bovine plasma
albunin. 3H-DHA, approximately 4000 cpm (28 pg) in 100 ul of borate buffer
vas added to each assay tube followed by 200 pl of antibody dilution. Tube
contents were mixed and incubated for 16 hours at 4°C. All subsequent

operations to sampling the supernatant were performed at 4°¢,

Separation of the bound and free fractions was performed using dextran
coated charcoal (DIC, 1 mg of Norit A charcoal and Dextran T70 0.1% %/v in
250 }ﬂ.of borate buffer) by the addition of 250 pl of DCC solution to each
assay tube, vortex mixing the tube contents and incubating for 10 minutes
prior to centrifugétion at 1000 g for 10 minutes. An aligquot (400 p1) of
the supernatant was transferred to a plastic scintillation vial, and 3 ml of
scintillant added. The tube contents were mixed and the bound radioactivity
counted using a refrigerated Packard liquid scintillation counter.

The response in titre to the immunisation protocol is shown in fig. 2.1.
After the initial immunisation two of the three rabbits attained titres of
1:4,500 and 1:5,500. The response to the first booster injection was very
marked with titres reaching a plateau at 9 weeks, at which point a further

booster injection resulted in a decrease in antiserum titre in all animals.
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Leaving the aninals a further 21 weeks caused a 50-70% decrease in the
antiserum titres. Response to a booster injection given at this time
resulted in a dramatic increase in the titres with rabbit DSI increasing
200 fold. A further booster injection given after a further 12 weeks had
very little effect. After a further 31 weeks the antibody titres had
fallen to 1:2-3,500 anl a booster injection resulted in a 3-700 fold increase
in antibody titre within a further 6 weeks. At this time the rabbits were

exsanguinated and the blood collected.
There did not appear to be any relationship between the sex or species of
rabbit used and the response elicited to the antigen in this study although

the numbers are very small.

b) Standard curves

Antisera with high titres and demonstrating good displacement with 640 pg of
DHA were tested against standard curves covering the range 10-2560 pg DHA in
doubling dilutions. Antiserum was used at a dilution that gave 70% binding
of labelled DHA with O pg DHA. Standard DHA solutions were prepared in
ethanol and 100 pl aliquots pipetted into assay tubes priox:to evaporating
the solvent in a vacuum oven. The antiserum and labelled DHA were prepared
as a single solution in borate buffer containing bovine plasma albumin and
human gamma globulin at the same final concentration as before, and 300 ul
added to the assay tubes in one pipetting step. Antisera that demonstrated
a greater than 50% difference between the % B/BO at 10 pg and 640 pg were

investigated further.
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c) Cross reaction studies

Promising antisera were tested for specificity against steroids with a
similar structure to DHA or those present in plasma at very high
concentrations., Dilutions of steroid were prepared covering the range

10 pg to 10 pg per 100 pl ethanol. Aliguots (100 pl) were pipetted into
assay tubes and evaporated to dryness prior to the addition of the antibody
mixture. The assay method was then as described above., Cross reactivity
was defined as that mass of DHA that displaced 50% of bound 3H—DHA divided
by the mass of cross reacting steroid that displaces 50% of labelled DHA

expressed as a percentage.

A general trend of improving specificity, as demonstrated by a decreasing
cross reaction to androstenedione and androstenediol, was seen over the
period of antibody development. OVer a period of 5 months the cross
reaction of 3B, 17B androstenediol of the antiserum from rabbi£ D33 decreased
from 8.7 to 1.7%. Specificity generally deteriorated for about 10 days
after a booster injection then improved over the next month before

remaining constant.

d) Preparation of antiserum pool

Due to the relatively small volumes of blood obtained during each bleed
an antiserum pool was prepared from rabbits DS1 and DS3. Bleeds with
approximately similar titre and specificity were pooled. The pooled
antiserum had a titre of 1:11,500 at 50% binding and cross reactions as

shown in table 2.3.
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Table 2.3 Cross reactions of rabbit anti DHA

Steroid % cross reaction mean % cross reaction
of pooled antiserum of all bleeds
163 OH DHA o 3.4
3B, 17p androstenediol 1.3 1.5 range (0.9-2.3)
androstenedione 0.7 0.8 range (0.5-1.6)
androsterone 0.04
DHAS 0.03
5et, 3o, 17B
androstanediol 0.003
cortisol <0.0015

The pooled antiserum gave the same results as the single antiserum bleed
which demonstrated the highest titre and specificity when duplicate
aliguots of the same plasma extract were assayed simultaneously using

each antiserum (fig. 2.2).

2.6 Radioimmunoassay for DHA

Duplicate aliquots of plasma (50 ul), previously mixed on a vortex mixer
were pipetted into glass extraction tubes (3" x 0.5") using a constriction
pipette. After addition of 1.5 ml of freshly pfepared n-hexane:dieth&l
ether (4:1 v/v) the tubes contents were mixed in a Buchler vortex
evaporator. The two phases were separated using an ethanolic dry icg

bath and the supernatant decanted into assay tubes.

Standard quantities of DHA (0, 10, 20, 40, 80, 160, 320, 640, 1280 pg) in
100 pl of ethanol were pipetted into assay tubes frdm individual working
solutions. The contents of the standard and sample tubes were evaporated

to dryness in a vacuum oven at 40°C,
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The working solution of antisera was prepared in borate buffer containing
0.125% (v/v) human gamma globulin, 0.08% (v/v) bovine plasma albumin, and
3H-DHA (20,000 dpm/ml). After mixing gently, 300 pl of the mixture was
added to each of two assay tubes using a Gilson pipette to determine

the total counts and non-specific binding (NSB). Antiserum was added

to the remaining volume to give a final dilution of 1:6000 and 300 pl
aliquots added to all remaining tubes. All tube contents were gently
mixed on a vortex mixer prior to incubation overnight at 4% of

30 minutes at 37°3 followed by 1 hour at 20°C. Both methods ended with
30 minutes incubation in an ice bath. Separation of bound and free

fractions was as described in section 2.5.

To calculate the assay results the bound cpm (B) of the duplicate
standards were calculated as a percentage of the mean cpm bound for the
zero tubes (BO). These percentages (B/BO) were plotted against the mass
of DHA in pg on semi-logarithmic graph paper. Similarly the bound cpm
for the plasma aliquots were calculated and the mass of DHA extrapolated

from the standard curve.

2.7 Validation of DHA radioimmunoassay

Details of assay characteristics are shown in fig., 2.3.

a) Accuracy and sensitivity

To validate an assay, proof of quantitative recovery of unlabelled steroid
has to be obtained. decovery of unlabelled steroid was performed by
evaporating aliquots of standard steroid solutions in ethanol to dryness
prior to the addition of water or plasma. The amounts of steroid were

chosen to be representative of the range of expected plasma values.
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Recovery experiments were also performed using agueous standard steroid
solutions added to plasma to avoid the effects of evaporation of the
ethanolic solution or problems with steroid reconstitution. Samples
were allowed to equilibrate overnight at 4°g prior to assay.
Quantitative recovery of DHA was obtained for masses of DHA over a range

equivalent to plasma levels of 1.39-44.5 nmol/1.

\ssay sensitivity was calculated from 10 water samples taken through the
assay procedure and the mean and standard deviation of the resulting bound
radioactivity calculated. The mean count minus two standard deviations
was calculated as a percentage of the zero standard and the mass
extrapolated from a linear plot of the standards. This mass is quoted

as the sensitivity of the assay.

Water blanks were run in every assay and the assay was rejected if the

water blank value was higher than the assay sensitivity.

b) Precision

To estimate intra and inter assay prec151on the coefficient of varlatlon
was calculated using the formula CV = F /mea.g) x 100. The 1ntra assay CV
was calculated from a random selection of assays taken over the period of
study. The inter assay CV figures were calculated from fhe internal

quality controls that were run in each assay.

c) Assay linearity

The effects of varying the volume of sample taken and dilution of sample
on the result obtained using the DHA method was investigated. It was
found that the extraction of DHA from plasma was not very efficient for

volumes over 100 pl using the method described above. However, when the {
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plasma was extracted with 2 ml of hexane:diethyl ether (4:1) in stoppered
glass tubes by horizontal shaking in a mechanical shaker for 10 minutes a
linear recovery up to 400 pl of plasma was found. Under these conditions
duplicate 500 pl aliquots of the hexane:ether supernatant were taken for
assay. This method was only used for plasma samples with a DHA level

less than 1.0 nmol/1.

d) Specificity

The specificity of an 3IA procedure is determined by the specificity of
the antiserum and the method(s) used to isolate the compound under
investigation. Upon the initiation of a new study the results obtained
fron a few test samples using the simple extraction assays were

compared to those obtained after chromatography.

The specificity of the plasma assay method was determined using paper
chromatography with either the Bush A or Bush B3 solvent system and by
thin layer chromatography with dichloromethane:ethyl acetate (93:7 v/v) or
dichloromethane:acetone (80:20 v/v). Results from single random plasma
samples are shown in fig. 2.4. The results obtained comparing the
extraction and chromatography methods on regular timed samples taken from

a normal male, a luteal phase and a pregnant female are shown in fig. 2.5.

2.8 Radioimmunoassay for DHAS

a) Hydrolysis of DHAS

Of the hydrolysis methods commonly used the methods of BUrsﬁein and
Lieberman (1958, sulphuric acid hydrolysis) and Azo et al, (1977
hydrochloric acid hydrolysis) were tried. The acid hydrolysis methods
gave high water blank values with erratic results and this method was

discontinued.
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Hydrolysis using the Helix pomatia sulphatase enzyme proved to be
efficient and gave no blank problems. The method also has some degree
of specificity for DHAS conferred by the enzyme itself.

Assays were performed using the pooled antiserum raised against the DHA-

7-C10-BSA derivative.

b) Optimisation of the concentration of sulphatase

To 20 pl of plasma diluted with 150 pl of acetate buffer (0.2M, pH 4.8)
add 35,000 dpm of 3H—DHAS. After equilibration for 16 hours at 406
varying volumes of a sulphatase solution (100 units/ml acetate buffer)
were edded to cover the range 1 to 100 units per tube and the volumes made
to 1 ml with acetate buffer. The tube contents were vortex mixed and
incubated overnight at 37OC. The hydrolysed DHA was extracted with 5 ml
of diethyl ether and the organic phase decanted into five ml plastic
scintillation vials for recovery estimation after evaporation of the

solvent to dryness and addition of 4 ml scintillator.

Fig. 2.6 shows the recovery obtained and demonstrates that maximal
hydrolysis is obtained above 10 units/tube. To ensure maximal recovery

20 units of sulphatase per plasma hydrolysis were used.
§

c) Effect of time and temperature on hydrolysis

The hydrolysis was performed as described above with 50, 20, 10 and O units
of sulphatase per tube and the replicate samples incubated for various
tines (0 to 24 hours) at either 1900 or 37°C.

As shown in fig. 2.7 maximal hydrolysis occurred after 16 hours for the
highest sulphatase concentrations at 3700 and 1900. Incubation at 3?00
for 16 hours with 20 ﬁnits of sulphataseﬁwas chosen for the hydrplysis

procedure as a compromise between convenience, efficiency and cost.
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d) fixtraction of hydrolysed DHAS

Hydrolysed DHAS was extracted from 100 pl and 200 pl aliquots of hydrolysed
plasma with 6 ml of either hexane, hexane:ether (4:1 v/v) or ether. Aliquots
(1 m1) of the supernatant were transferred to plastic 5 ml scintillation
vials, the contents evaporated to dryness and the residue reconstituted in
scintillator. No significant difference was found between the reco&ery
obtained with either solvent. Hexane was chosen for use as thg ether has
been found to give blank problems when not from a freshly opened bottle, and

the hexane does not extract any DHAS that may remain after hydrolysis.

e) DHAS assay method

in aliquot of plasma (0.02 ml) previously mixed on a vortex mixer was
pipetted into a glass 3" x 0.5" incubation tube using a Hamilton automatic
diluter/dispenser with a 150 p1 wash of acetate buffer (pH 4.8, 0.2M). To
each tube a recovery tracer of tritiated DHAS (40,000 dpm) in 50 pl of
redistilled ethanol was added and the tube contents mixed on a vortex
mixer and allowed to equilibrate for at least 1 hr. at room temperature.
Three total recovery aliquots were also taken into assay tubes. To each
incubation tube 20 units of sulphatase enzyme in 800 pl of acetate buffer
was added, the tubes capped and the contents'mixed on a vortex mixer prior

to incubation at 37°C for 16 hrs.

After incubation the tube contents were mixed on a vortex mixer and an
aliquot (100 pl1) transferred to a stopperéd glass 4" x 3" tube using a
Gilson pipette and 6 ml of redistilled n-hexane added. The tubes were
stoppered and shaken horizontally on a mechanical shaker for 10 minutes.
After extraction the aqueous layer was frozen in an ethanol/dry ice bath

and the organic phase decanted into glass 3" x 0.5" tubes.
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Three 500 pl aliquots of each sample were transferred to assay tubes and
the contents evaporated to dryness in a vacuum oven at 35—4503. The tubes
for total recovery and background estimation were similarly treated., To
one tube of each sample, the tubes for total recoveiyucount and the
background tubes 1.7 ml of scintillator was added, the tubes were capped
and the contents mixed by horizontal shaking for 10 minutes. The tubes
were placed in standard glass counting vials and counted for 5'minutes
each in a refrigerated Packard scintillation counter. The background count

vas subtracted from the recovery count for calculation of results.

The standard curve was pipetted using the same standards as for the DHA
assay, in addition 100 pl of ethanol containing the mean recovery count
of 3H—DHA was also added. The contents of the tubes were evaporated to

dryness at 37—4503 under vacuum.

intibody mixture was prepared as for the DHA assay with the exception that
the amount of labelled DHA added per assay tube was corrected for the
labelled steroid present as recovery. The remainder of the methodology

was identical to the DHA assay.

The calculation of results was as described for DHA except the sample
results for DHAS were corrected for methodological losses using the
internal recovery and for the molecular weight difference between DHA and

DHAS.
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2.9 DHAS assay characteristics

Details of the assay characteristics are shown in fig. 2.8. These results
were obtained using the same methods as described for DHA. At each stage

of the assay a good agreement of results can be obtained byfassaying volumes
of plasma from 20-200 pl, volumes of hydrolysate from 50-400 pl, anq volumes
of hexane from 100-500 pl in any combination provided the recovery counts

are corrected for.
Specificity was shown by comparing the results obtained after either paper
or thin layer chromatography of the hydrolysed DHAS to the results obtained

with the above method (fig. 2.9).

2.10 Radioimmunoassay for pregnenolone

The pregnenolone antiserum was obtained from Spquvt.ﬁhﬁéeﬂl»‘hi w3 lms toe

Cheshire, and was raised against pregnenolone-3-HS-BSA in rabbits; Cross Reachions
are shown i jl‘& 2./0,
To 500 pl aliquots of plasma in stoppered (6" x 0.75") glass tubes add
50 pl of labelled pregnenoloﬁe (5000 dpm) in ethanol. The tube conténts
were mixed and allowed to equilibrate at 4°C prior to extraction with 10 ml
of diethyl ether from a freshly opened bottle. 'The agueous layer was .

frozen in an ethanolic dry ice bath and the ether decanted and evaporated

to dryness at 40°¢ under a stream of nitrogen.

The residue was applied to silica gel TLC plates using 2 x 100 pl of diethyl
ether and the plates developed twice in dichloromethane;ethyl acetate
(93:7 v/v). It was found that the dichloromethane had to be freshly -

redistilled prior to use otherwise high water blanks were ‘obtained.
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The areas of labelled pregnenolone were located on the TLC plates under
a Fanax beta scanner and the pregnenolone areas excised and eluted in
5 ml of diethyl ether for 2 hours. Longer elution times were found to
give assay blank problems. The ether was decanted and evaporated to

dryness under nitrogen prior to the addition of 1 ml of ethanol.

~
-

Three 200 pl aliquots of the ethanolic samples were taken and ﬁransferred
to assay tubes prior to drying down in a vacuum oven. One tubé was taken
for recovery estimation and two for assay. The mean recovery count for
the assay was calculated excluding outliers and an ethanolic solution
containing this number of counts in 100 pl was prepared. Aliguots (100 ul)
of this solution were added to the standard curve tubes and evaporated to
dryness. This ensures that the standard curve has an equivalent amount of

3

H-pregnenclone as the samples.

The antibody mixture was prepared containing 8,000 dpm of tritiated
pregnenolone, human gamma globulin and bovine plasma albunin at a
concentration of 0,1% w/v and antiserum at a final dilution of 1:306 in a
final volume of 300 pl of boraie buffer pH 8.0. 300 Pl of thevantiseruﬁ
solution was added to each assay tube and the incubation procedure and

separation procedure were as described for the DHA assay.

With repeated counting of the samples the apparent percentage bound

increased. This was due to the sample counts increasing while the total
counts did not change. It was assumed that this was a reflection of the
scintillator gradually extracting more bound labelled pregnenolone from

the antiserum. The method described by Kandeel et al, (1976) was used to
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overcome this problem. To each plastic scintillation vial add 100 pl
1M HC1 prior to the addition of the assay supernatant. This resulted
in stable counting rates for all samples presumably by denaturing the

antiserum thus releasing the steroid.

The details of assay sensitivity, accuracy, linearity and precision are

shovn in fig. 2.10.

Jonparison of the results obtained by TLC to those using paper chromatography
with the Bush A system are shown in fig., 2.11. The samples were taken from
two normal women, one during the luteal phase and the other 12 weeks
pregnant. As can be seen there is very little difference between the

results obtained using the two methods.

2.11 Radioimmunoassay of DHA and DHAS in tissue

a) Tissue preparation

Tumours were dissected free from non~tumour tissue and portions of both
retained for histological examination., Tissues were transported

immediately to the laboratory and-stored at -2000 until required.

Prior to assay the tissue was washed with glass distilled water to remove>
any blood. The wet weight of the tissue was recorded and glass

distilled water added to give approximately 100 mg/ml prior to the tissue

being homogenised in a Polytron blender. The 5reast tissue homogenate was
centrifuged for 10 minutes prior to assay to separate tissue and fat. The

fat was aspirated and discarded.
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b) Tissue DHA measurement

To aliquots, usually 0.8-1.2 ml containing 50-120 mg of tissue homogenate
(wet weight), 50 pl of ethanol containing 6,000 dpm of JH-DHA was added
as an internal recovery standard and the sample vortex mixed. The label
was allowed to equilibrate for 30 minutes prior to extraction of the free
steroids with 5 ml of diethyl ether. The agueous phase was frozen in an
ethanol/dry ice bath and the organic phase decanted. The extraction was
reneated and the extracts pooled. The agueous ﬁhase was retained for

DHAS estimation.

The residue remaining after evaporation of the ether at 40°¢ under
nitrogen was applied to silica gel TLC plates with 2 x 100 pl of diethyl
ether. The TLJ plates were developed in dichloromethane:dioxan (94:6 v/v).
The areas of 3H—DHA vere located under a Panax chromatogram scanner,
excised and eluted with 5 ml of diethyl ether. The diethyl ether was
decanted, evaporated to dryness under nitrogen and the residue
reconstituted in 1 ml ethanol.

Aliquots (3 x 200 ul, one for recovery, two for assay) were taken using
an alcohol constriction pipette into methanol washed assay tubes. The
methodology was then as described for the plasma DHAS assay. An
ethanolic solution was prepared containing the mean assay recovery
count of labelled DHA in 100 pl. Aliquots (100 pl) of this solution
were added to the standard curve tubes and evaporated to dryness prior

to addition of the antibody mixture.
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c) Tissue DHAS measurement

3H-—DHAS (50 pl containing 10,000 dpm) was added to each of the agueous
phases left after the extraction of free steroid, vortex mixed, and
allowed to equilibrate overnight at 4°c. The conjugated -steroids were
extracted from the tissue homogenate in stoppered glass tubes by horizontal
shaking on a mechanical shaker using 5 ml of ethyl acetate:n-propanol

(3:1 v/v). The precipitated proteins were removed by centrifugation

at 1000g for 10 minutes.

The decanted supernatant was evaporated to dryness under nitrogen at 45°C
and 1 ml of acetate buffer (oH 4.7, 0.2i1), containing 50 units of
sulnhatase added. After vortex nixing and overnight incubation at 37OC
the hydrolysed steroid was extracted using 10 ml of diethyl ether., After
collection of the organic phase and evaporation to dryness, the residue
was applied to silica gel TLC plates with two 100 pl diethyl ¢ther washes,
and developed twice in dichloromethane:ethyl acetate (93:7 v/v). The
3H-—DHA areas were detected and eluted as described previously, and the
residue reconstituted in 2.5 ml of ethanol. Aliqﬁots of 500 pl were takengl
one for recovery estimation and two: for assay. The assay method was then

as described for the plasma DHAS assay.

d) Tissue assay characteristics o !

The assay accuracy, linearity and precision exPerimenté were performed as
described for the plasma DHA and DHAS assays. Assay sensitivityAwaé
calculated after measuring 8 water samples as no tissue was available
which contained no DHA or DHAS. Details of the tissue DHA and DHAS assay

characteristics are shown in table 2.4.

i



Table 2.4

5k

Details of tissue DHA and DHAS assay characteristics

llass of Percentage recovery
steroid added DHA n DHAS n
16 pg 90 4 106 - L
60 pg ol L 112 4
256 pg ol b4 100 4
Assay linearity
Steroid Volune range Sorrelation r-value
Tissue DHA 250-1500 ul y=l42.2 x -2.8 0.97
Tissue DHAS  250-1500 ul y=0.407 x +1.46 1.0

Labelled recovery (= SD)
DHA  80%5% n =135
nH4s  Lb2iEs o= 20

\later blanks
<5 pg per assay tube

Sensitivitx

DHA 0.5 ng/g
DHAS 1.12 ng/g

Intra-assay C.V.

DHA
DHAS

Il

mean = 69.1 ng/g

118.4 ng/g

I

nean

cv
cv

]

10.7%
7.1%

32
27




55

2.12 Assay of salivary steroids

a) Radicimmunoassay of salivary DHA

To 2 ml aliquots of saliva add 100 pl of 3H--DHA (20,000 dpm) in borate
buffer. The tube contents were vortex mixed and allowed to equilibrate

at 20°C for at least 30 minutes. IHree steroid was extracted with 10 ml

of diethyl ether and the organic phase separated and collected. After
evaporating the ether to dryness the residue was applied to TLC. plates

and developed in dichloromethane:ethyl acetate (93:7 v/v) twice. The
areas of labelled steroid were located under a Panax chromatogram scanner,
excised and the steroid eluted with 5 ml of diethyl ether. After decanting
and evaporating thc ether the residue was reconstituted in 800‘p1 of borate
buffer. Aliquots of 200 pl were taken for assay and recovery estimations.
The assay methods were then as described in section 2,6 except the
antibody mixture was made in 100 pl (not 300 }11) and added to the 200 pl

¢

of assay sample.

b) Radioimmunoassay of salivary DHAS

To 500 pl of saliva add 50 pl of 3H-DHAS in ethanol (8,000 dpm) and
equilibrate at 20°¢ for at least 30 minutes. The unconjugated steroid
was removed by extraction with 5 ml of hexane. Ethanol (3 ml) was added
to the remaining agueous phase. The tube contents were thoroughly mixed
and centrifuged to remove the precipitated material. After decanting, the
ethanol ﬁas evaporatéd to dryness at 4000 under a stream of nitrogen. To
the residue add 1 ml of acetate buffer (pH 4.8, 0.2M) containing 20 units
of sulphatase. The contents were mixed and incubated overnight at 3700.
The DHA released was extracted with 10 ml of diethyl ether and subjected
to TLC as described above. The residue containing hydrolysed DHA remaining
after TLC was reconstituted in 2.5 ml of ethanol, and 3 x 500 pl aliquots

taken, two for assay and one for recovery estimation. The assay procedure

was as described in section 2.8.e.
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¢) Characteristics of salivary steroid assays

Details of the extraction of labelled steroid Trom saliva and the linearity

and accuracy of the assays are shown in table 2.5.

2.13 High pressure liquid chromatography (HPLC) of conjugated steroids

a) mExtraction of steroid conjugates -

4n initial extraction of the steroid conjugate was performed on Sep Pak C18
cartridges. Prior to use the cartridges were flushed with 5 ml of methanol
and 5 ml of distilled water. Plasma (3-5 ml) containing 4-DHAS and 3H-E18
as markers, was diluted to 5 ml with distilled water and passed through the
cartridge. The cartridge was washed with 5 ml of water and the steroid
eluted with 3 ml of methanol. The plasma was extracted again following the
above procedurec and the methanol eluates pooled. The methanol was
evaporated to dryness under nitrogen at 10°¢. The residue was reconstituted
in 40 pl of methanol:water (1:3 v/v). After centrifugation of the sample

to remove any particulate matter an aliquot (20 yl) was injected onto the

column.

b) Chromatography system

The apparatus consisted of a Waters model 6000A colvent delivery system
and a Waters U440 UV monitor set at 254 nm. A stainless steel (250 x 4.6 mm)
hypersil ODS column (particle size 5 pm) from Shandon Southern Products, -
Runcorn, Great Britain, was used. The eluant, deionised water:methanol
(HPLC grade) 3:1 v/v, was pumped at a flow rate of 0.8 ml/min. Priorito
use the solvents were degassed using an ultrasonic bath. Aliquots of the
eluate were collected at 72 second intervals. Testbsterqne sulphate

was located by UV absogetion at 254 nm using the post column detector.
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Table 2.5 !
cold recovery
lass added ilass recovered % rec.
DHA 0 193 pg
160 »g 323 vg 875
640 pg 780 pg 93.3 ]
1280 ps | 1462 vg 99.9
|
Assay linearity
vol. assayed nmol/l
DHAS 0 1378 ps 200 pl 6.1
250 pg 1636 pg /03-2 300 pl 6.6
500 pg . 1817 pg $7-¢ 400 pl 6.6
1000 pg 2205 pg 927, 500 pl 6.3
\
Labelled recovery: DHA = 78%
DHAS = U43%

P

Characteristics of salivary DHA and DHAS assays.




The renaining conjugated steroids were identified in the aliquots as
oy absorbtion at 205 and 273 nm, epiandrosterone and
vreznenolone siulvhate by the methylene blue method of licienns and Rippon

(1265), JHas and 3.3 by radioactive determination., The relative retention

nes (4T, of the conjusated steroids are shown in table 2.6.

—

Taple 2.0 Jetention times of conjuzated steroids under HPLC

steroid fiean AT Inter assay

(nins) N n
325 12 - 1
zls 15.9 3.9 Ly
3 26.5 7.6 3
DHAS 35.6 6.2 L
Ipil.3 4.0 - 1
=g > 50 - 1

e recovery of

g,

PO Sul S

.
«Liy

5 end i

4 Were 7275 and 50;5 respectively.

“

xni,5 = epiandrosterone sulphate, s =

s

ozegnenolone sulphate.

from plasma after Sep Pak extraction

testosterone sulphate,
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3.1 INTRODUCTION

For the valid comparison of plasma steroid levels -in patients and normal
subjects an understanding of the inherent variation of plasma steroid A
levels in normal subjects is required. Such factors as time of day,
stage of menstrual cycle, age and sex of the subject all affect the
normal plasma steroid levels. The first section of this chapter attempﬁs
to outline the normal variation expected for each hormone so that
appropriate controls may be chosen for comparison with data obtained

from patients with breast or endometial cancer in the second section.

The steroids of the delta five pathway all demonstrate episodic secretion
and diurnal rhythm to varying degree (osenfeld et al, 1971; Sjoberg et al,
1979; Lachelin et al, 1979). To obtain a good estimate of the mean 24 hour
plasna steroid level, blood samples can be taken at regular inte?vals through
the 24 hour period, e.g. every 30 minutes. This is an inconvenient
nrocedure to both patient and experimenter. Ue have investigated the
possibility of only taking 4 samples as a method of estimating the 24

hour mean plasma steroid level. Thé evidence for a diurnal rhythm for

DHAS is not as strong as for the unconjugated stefoids (Rosenfeld Si_él{
1975), hovever, few workers have studied plasma bHAS levels ovexr the

entire 24 hour period (Madden et al, 1978).

A seasonal variation for plasma DHAS has been reported in post-menopausal
women with higher values found in autumn/winter than in spring
(Deslypere et al, 1983). It is not knbwn whether the unconjugated delta

five steroids show the same pattern.
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During the menstrual cycle the evidence suggests no alteration in the
plasma DHA levels, however opinions vary on the plasma DHAS levels ﬁuéing
the cycle. Abreham and Chakmakjian (1973) have shown an increase in plasma
DHAS levels around the time of the LH peak in a bilaterally adrenaléétomised
patient and Janne (1971) has shown a significant increase in urinary DHAS
during the luteal phase. Few authors have measured plasma DHAS in the

sane normal subject through a complete menstrual cycle, a procedure that

is required if small changes are to be detected.

The effect of old age on the plasma levels of the delta five steroids is
well documented. Vermeulen (1980) has shown that the plasma levels of
DHA, and DHAS, are negatively correlated with age in oophorectomised
women., CJrilly et al, (1980) have suggested that there is a discrete fall
in plasma OHA levels after the menopause rather than a steadyidecrease.
2rilly attributed this to & specific decrease in the adrenal secretion of
androgen which was independent of an alteration in ACTH secretion. As
the majority of DHAS is produced by the adrenal the measurement of this
steroid over the menopausal period would be a good indicator of a specific
decrease in adrenal androgen secretion. If a specific alteration does
occur then a fault in this mechanism could lead to an over-production of

androgen after the menopause.

A role for the adrenal androgens, DHA and DHAS, in the aetiology of breast
cancer was suggested by the work of Bulbrook et al, (1967), with the
demonstration of a lower urinary ratio of androsterone:etiocholanolone in
British women over 40 yeﬁrs old compared to Japanese women. Japanese
yomen are known to have a significantly lower incidence of breast cancer

than British women.
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4s DHA and DHAS are the main plasma precursors to the urinary oxosteroids
the plasma level of these steroids in breast cancer subjects has been
investigated by many workers. Using mean values from plasma samples
tzken over 24 hours, Zumoff et al, (1981)/demonstrated subnormal DHA and
DHAS levels in premenopausal women and elevated levels in postmenopausal
women. Thijssen et al, (1975) have shown a decreased urinaxy productiéﬁ.
rate of DHA and DHAS in postmenopausal women with breast cancer compared

to normal subjects.

A number of theories have been proposed for the role of DHA and DﬂAS in
breast cancer. In postmenopausal women the majority of oestrogen derives
from peripheral conversion of androstenedione (Siiteri and MacDonald, 1973).
The action of oestradiol unopposed by progesterone has been proposed to

maintain tumour growth in postmenopausal women.,

Kirschner et a1, (1978) suggested there was another source of oestrone in
postmenopausal women when they demonstrated that only 72% of oestrone was
derived from androstenedione in these subjects. Knabstein et al, (1967)
have suggested that oestrone sulphate could be formed from DHAS via the
sulphate pathway and oestrone sulphate is a precursor to oestrone. The
oestrone so formed being converted to oestradiol by the enzyme 17B
hydroxy steroid dehydrogenase. There is therefore the possibility that
the sulphate pathway may be responsible for some oestrone production in
normal postmenopausal women and possibly ekcess oestrone in breast cancer
patients. The sulphate pathway from DHAS to EIS requires the formation
of androstenedione 3-enol sulphate, the presence of which in.plasma 1s
controversial. To provide evidence for the postulated sulphaté pathway
an attempt was ma&e to isolate, identify and quantify androstenedione

3-enol sulphate in plasma.,
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deed et al, (1982) have shown a negative correlation between the conversion
of oestrone to ocestradiol and plasma DHAS levels in patients with elther
endonetrial hyperplasia, endometrial cancer or cirrhosis. This raises the
question of whether DHAS or a metabolite has an effect on the conversion of
oestrone to oestradiol within the tissue. In these studies the assﬁhption
has been made that the levels of steroid in fhe tissue are related to the
plasma steroid levels, however, the concentration of androgen énd its
cellular metabolism in diseased tissue may be totally different to normal

tissue with no noticeable effect on the plasma levels of steroid.

The aims were:
i) To obtain data on the normal variation of plasma steroid levels to

engble the selection of appropriate controls for further studies.

ii) To investigate the plasma levels of DHA and DHAS in posimenopausal
subjects with breast cancer and to investigate DHAS as a possible
precursor to ElS via the sulphate pathway by demonstrating the
existence in plasma of the intermediate androstenedione 3-enol
sulphate. }

iii) We have attempted to measure the tissue concentration of the X

adrenal androgens in normal and diseased tissue and to relate the

levels to those found in plasma.

3.2 Plasma steroid levels in normal subjects

Lithium heparin plasma samples were obtained from volunteers with no known
endocrine disorders or taking any drug treatment including the oral
contraceptive. The follicular phase was defined as the period of the

menstrual cycle wath low, <3.2 nmol/l progesterone values, up to fourteen
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days after menses. Luteal phase samples had progesterone values in
excess of 10 nmol/l. Blood samples from subjects with a normal
menopause were taken more than 1 year after the last menstrual period.
The normal ranges for the steroids measured using the methods described

above are shown in table 3.1.

3.2a Diurnal variation of plasma steroid levels

Plasma levels of DHA, DHAS and cortisol were measured in blood samples
taken at 30 minute intervals over 24 hours from 10 subjects (3 pre and
4 postmenopausal women and 3 males). The results were calculated as
the percentage change of each sample from the mean 24 hour plasma
steroid level for each steroid and subject. The percentage changes at
each time point were averaged and plotted *1SD as shown in figure 3.1.
A distinct diurnal rhythm can be seen (fig. 3.1) for cortisol; DHA and
DHAS, with the secretory episodes of DHA and cortisol occurring in
synchrony. Plasma DHAS did not demonstrate episodic secretion. Plasma
DHAS levels are relatively constant from 1000 hrs. to about 2200 hrs.
then fall to a nadir between 0100-0400 hrs. before rising aga;n around

0600~0800 hrs.

To test the validity of using the results obtained from four plasma
samples taken at 1030, 1530, 2200 and 0400 hrs. as an estimate of the
mean 24 hrs. plasma steroid level, three subjects (one male, one
premenopausal and one postmenopausal female) had blood samples taken at
30 minute intervals for 24 hours. Plasma DHA and DHAS levels were
measured in all subjects and pregnenolone in one. The comparison of
the mean 24 hrs. plasma steroid value with the 4 sample result is shown

in table 3.2 and demonstrates a good agreement between the two methods.



Table 3.1

Plasmz DHa, DHAS and oregnenolone levels in nocnal subjects

DHA (nmol/1)

S04 (Juaol/1)

.regnenolone (naiol,/1)

mean range n nean senge n nean range n

lale 18.0 | 7.4-53.0 19 L7 3.7-15.0 15 1.2 | 0.7-3.0 12
Premenopause

follicular 19.2 | 3.0-35.0 22 3.0 1 1.5-6.1 22 2.6 | 0.5-6.1 10

luteal 21.2 | 3.4-43.9 33 3.5 | 1.3=6.7 33 3.4 1 0.6~9.2 35
Postmenopause 8.5 | 1.3-25.7 68 1.9 | 0.1-7.9 65
TBarly pregnancy

< 12 weeks 19.6 | 5.0-82.5 60 4.8 | 0.7-9.7 60 5.4 2.,0-14.2 L5

79
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3.2b IMenstrual cycle variation of plasma steroid levels

?lasna steroid levels were neasured in two groups of women, both with normal
regular cycles. Group 1 had single blood samples taken at various stages
of the cycle. No significant difference was seen between the follicular

and luteal phase for any of the steroids measured (table 3.1).

Groun 2 were studied with blood samples taken from each subject over the
majority of the cycle and the plasma progesterone levels were measured
using a fully validated method after hexane extraction of the progesterone

and using a soeciiic antisera.

As can be seen (fig. 3.2) there is a large variation in the DHAS levels
with possibly a trend to increase during the luteal phase. DHA and
~regnenolone levels fluctuate wildly with no distinct pattern. The increase
in plasna DHA around day 14-19 is matched by the laxrge peak in‘DHAS levels
(subject 1). In gzeneral increaéing plasma progesterone levels are
associated with decreasing or unchanging DHAS levels and vice versa. Plasma
cortiscl levels remain fairly constant over the cycle suggesting that the

large increase in DHA and DHAS in subject 1. is possibly of ovarian origin.

3.2c Bffect of age on plasma sterold levels

To obtain more information on the relationship between advancing age and
the adrenal contribution to plasma DHA and DHAS levels we have measured

DHA and DHAS in pre and postmenopausal women.
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Zingle blood samples were taken eithor betuesn 1000-1200 or 1400-1600 hrs.
The results show a slowly decrsasing plasma androgen level up to the age
of L5-50 years Tor Jds and 50-55 years for OHAS, fig. 3.3. The plasma

level ol Ji.. and uii-3 fell rajidly after these ages with the DJHA level

The effect of aze on plasma DHA and DHAS levels in women

f;ge Years DHA nmol/l DHAS pmol/l

2
0]
)
3
s{é
o]
(3
o
=)

mean range n

FJ
TN
J
}_J
ON
O
()
O
I
iR
W
O
U
i
()
o

1.3-6.7 55

2. 50-50 2.2 | 3.3-25.7 . 21 2.4 0.6-7.9 | 31
3. > 62 £.3 1.3-25.0, 37 1.48 0.1-3.7 37

1 vs 2 ©<0.005 1 vs 2 0.025¢p€0.05

2 vs 3 0.1 2 vs 3 p<0.005
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3.24 Bffect of weight on plasma steroid levels

To ensure that obesity had no bearing on our studies 25 postmenopausal
vwomen were studied., No relationship was found between the plasma level of
the adrenal androgens in postmenopausal women to the percentage ideal body
weight (ZIBi) for either the single sample or the mean Zﬁ hour_values.

The % IBJ was calculated from the Documenta Geigy Scientific tables (1970
edition) using the three parameters of height, weight and age.- We have
no data on the relationship between either DHA or DHAS with weight in

premenopausal women or men.

3.2e Effect of the oral contraceptive on plasma steroid levels

In 38 premenopausal women taking the combined oral contraceptive pill the
mean plasme DHAS level was 5.4 pmol/l (range 1.7-10.4). There did not
appear to be any relationship between the constituents of the pill to the

plasma level of DHAS.

In 33 subjects taking the progesterone only pill the mean plasma DHA and
DHAS levels were 16.3 nmol/1 (range 5.8~45.1) and 5.5 ymol/l (range 1.5-10.0)
respectively. Again there was no relationship between tﬁe type- of pill

and the plasma DHA and DHAS levels. In both cases the number of subjects
on each type of pill were low, and only single Blood samples were taken

without a control sample being taken.

In two subjects with severe acne treated over a period of six months with

a combined pill containing 50 pg ethinyl oestradiol and 1 mg norethisterone,
there was a decrease in the plasma DHA and DHAS level over the first four
months followed by an increase up to six months, In response to the
treatment the plasma cortisol levels increase, fig. 3.4. This data would
indicate that the combined oral contraceptive can affect the plasma level

of DHA and DHAS.
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and DHAS levels in two female patients with severe acne.
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3.3 selationship between vlasma levels of JHA and DHAS

CRaRS

Zlazma levels of Jila and JHal viece neasured in 55 pre and 37 post=-

w

nenorausal wonen eni the results plotted, fig. 3.5. Jalculation of the
Linsa -~ zz3veacion for each groun of women demonstrated a significant
correlation betueen plasme levels of -DHA and DHAS in prenenopausal

(p<0.05; and postmenopausal (p<0.005) women. The regression lines fof

the tiro groups are very similar suggesting the relationship between DHA
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n nre and postmenopausal women. The wide spread
of »oints around the repression lines probably reflect the secretoxry.
nature of JHA against the celatively stable plasma DHAS level. The
lower nlasma levels of UHA and 9HAS in postmenopausal women suggests an
alteration in the secretion of either DHA and/or DHAS.

St Zlasne TN and JHLS levels in patients uith breast cancex

»

In 27 -ostmenonausal iomen with breast cancer no significant differcnce was
ZTound petiieen the plasno levels of either Ddi oxr DHAS in single vplood

saqpies Compasel 1o gge aigcenea nNory o] me vau WOI abie . .
pl oM t natched normal postmenovausal women (table 3.4

The same was true for the mean 24 hour plasma levels of DHA and DHAS as

a

termined from four samples taken at times of the day that we have shown

to give a good estimate of the 24 hour value (table 3.5).

In postmenopzsusel breast cancer subjects a correlation approaching
significaence (0.05¢p<0.1) was found between the mean 24 hour plasma
levels of both DHA and DHAS with weight expressed as the % IBW. This

is in contrast to the findings with normal subjects.
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Plasma steroid levels obtained with single blood samples from normal and

cancer patients

DHA (nmol/1)

DHAS (pmol/1)

mean range n mean range n
Postmenopause
1. <50 yrs. old 18.2 7.3=38.7 22 3.4 1.8-6.5 22
2.  50-60 yrs. 10.7 3.3-25.7 | 17 2.7 0.8-5.3 17
3. 60 yrs. old 7.4 1.5-25.0 | 32 1.4 0.1-3.5 32
Breast cancer 10.5 1.9-19.1 32 2.6 0.6-5.0 32
(48-83 yrs. old)
Endometrial cancer 12.6 4.1-32.9 7 2.3 0.7-4.5 8
(4o-74 yrs. old)

Table 3.5

1vs 2 pg0.005

2vs 3 pd>o0.1

1 vs 2 0.025<p<0.05

2

vs 3 p<0.005

Steroid concentrations using mean 24 hour plasma values for postmenopausal

control and breast cancer subjects

DHA nmol/1 DHAS jmol/1 Cortisol nmol/l

mean range n mean range n mean range n

Normal | 5.14 | 1.37-9.4 7 1.48 0.2-3.05 7 170 96-264] 7
Cancer | 6.6 1.86-12.8 10 1.78 0.29-4.34 10 262 180~-400] 10
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3.5 DPlasma DHA and DHAS levels in pétients with endometrial cancer
The mean plasma levels of DHA and DHAS in 10 postmenopausal women with
endometrial cancer were not significantly different to age matched controls

(table 3.4).

3.6 Correlation between plasma DHA and DHAS in postmenopausal women with

breast and endometrial cancer

The linear regression between the plasma levels of DHA and DHAS is not

significantly different from that for normal postmenopausal women for °
either the breast cancer or the endometrial cancer group of subjects. This

- 3 - - 3 “0 $
would suggest there is no alteration in the production or metabolism of the

DHA and DHAS in these subjects compared to normals.

3.7 Heasurement of androstenedione 3-enol sulphate in plasma

The results described above do not suggest a direct relationship between
plasma DHA or DHAS levels with either breast or endometrial cancer. A role
for DHAS in the aetiology of breast cancer has been proposed as a precufsar‘t
to oestone sulphate via the sulphate pathway. A probable intermediate

between these two conjugated steroids would be ahdrostenedione 3-enol sulphqte.

The evidence for the existence of this compound- in the plasma is controversiél,

so an attempt was made to isolate and gquantify androstenedione 3—enol’su1ph@£e

-~

from human plasna.

3.7a Investigation of _available hydrolysis methods )
As 1t has been shown that some hydrolysis procedures produce'artifqgts,“ :

Dorfman (1956), eight different hydrolysis procedures were tried in an

attempt to obtain a clean hydrolysis of the sulphate moiety. Four methods
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used acid hydrolysis after extraction of the steroid sulphate into ethyl
acetate using either hydrochloric acid (Azo et _al, 1977), or sulphuric
acid (Burstein and Lieberman, 1958) or sulphuric acid in the aqueous

phase (Goodall et al, 1981). The remaining methods used sulphatase enzymes
obtained from either Helix pomatia, Pattela vulgata or Abalone. The

methods used for the sulphatase hydrolysis were as described in section 2.

3H—-DHAS was used as the substrate for the hydrolysis experiments as DHAS
is present in plasma in large amounts which could result in a small
percentage of artifact being produced which would be significant if low

plasma levels of that artifact were expected.

The effects of each hydrolytic procedure on the formation of artifacts was
monitored by running the ether extracted products of the hydrolysis on TLC
in DM:ethyl acetate (93:7 v/v) or chloroform:acetone (95:5 v/v). The
chromatography strips were scanned using a Panax thin layer scanner to

detect the radioactive areas. 3esults are shown in table 3.6.

Most of the hydrolysis methods form aftifacté, however the enzyme methods
all form a compound with the same mobility as androstenedione. Incubation
of increasing amounts of unlabelled DHAS with the sulphatase enzymes and
neasuring the product that ran with androstenedione by radioimmunoassay,
using the method of Goodall et al, (1981), demonstrated a linear increase
in the amount of measurable androstenedione correlating with the incréésing
mass of incubated DHAS. The acid hydrolysis methods did not appear to

produce as much androstenedione, but with the mass of DHAS present in
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Table 3.6 =ffect of hydrolysis mrocedure on the formation of artifacts
Hydrolysis rF
Procedure 0.03} 0.10 | 0.18| 0.34{ 0.37| 0.60 | 0.82
1. Conec.
HZSO4 % totall 1.3 |11.8 4,0 | 59.8 |18.2 4.8 -
2. b ‘
E,80, % total 2.6 | 1.4 | 1.2 |96.2 | - 0.41' -
3. 1w
H2504 :5 total] - - 5.0 - - -
L4, Jonc. HIL
16 hr
inc. % totall - - 68.6 - - 31.4
5. QCone. HCL
1 h»
inc. w5 total - - 99.6 - - 0.4
Sulvhatase
Hydrolysis rF 0.04 0.13 0.34 0.46
6. H.pomatia % total | 3.8 3.8 89.2 3.2
7. P.vulgats % total | 6.0 -  91.0 3.0 )
8. Abalone §5 total - - 99.5 0.5°
Standards rF 0.23 0.3% | o.a 0.46 Q.5k
TeStosterone| DHA |Pregnenolone |Androstenedione Progeéterone
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normal plasma (2—5‘pmol/1) an 0.1% conversion would result in 2.5 nmol/l of

androstenedione.

The acid hydrolysis method of Goodall et al, (1981) was chosen for further
work as Hatsul et al, (1974) have claimed that androstenedione 3-enol Sﬁm“mmhéz
is unstable in acid conditions (pH 1.0) and there is little hydrolysis of

DHAS to enable the formation of breakdown products.

3.7b rlasma levels of androstenedione 3-enol sulphate

To remove the possibility of the artifactual production of androstenedione
during the hydrolysis stage it would be advantageous to isolate the
androstenedione 3-enol sulphate prior to hydrolysis. Previous methods to
isolate the conjugated steroids involve a solvent extraction followed by
paper or column chromatography, both of which are tedious and time consuming.
digh pressure liquid chrbmatography is a very quick technique ;nd initial
reports have denonstrated its use forthe separation of steroid conjugates,
Laffosse et al, (1976). Initial sample purification and steroid concentration
has been rapidly verformed using Sep Pak cartridges (Waters) for the -
conjugated oestrogens, Helkkinen gﬂngg,(l981). Tt was therefore q§cided

to couple these two procedures for the rapid purification of androstenedione

3~enol sulphate., The methods used were as described in section 2.13.

The plasma samples used for the assay of androstenedione 3-enol sulphate
were obtained from normal male subjects, patients pre and post ACTH
stimulation and from adrenal and renal cannulations of patients with

Conns disease.
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Al1 fractions collected from the HFLC column up to 15 minutes after the
DHAS peak were subjected to 1ii H2804 hydrolysis and radioimmunoassay for
androstenedione. Irom the structure of androstenedione 3-enol su;phate,
and fron preliminary data on urine the androstenedione 3-enol sulphate

peak was expected to elute close to cestrone sulphate.

No significant amounts of androstenedione 3-enol sulphate were measurable,
sone androstenedione nositive areas were found by radioimmunoassay with a
retention time of 12 minutes and at the DHAS peak but both results were

close to the scnsitivity of the androstenedione assay. No further release

androstenedione was obtained after a short HC1 hydrolysis (procedure 5)

iy

e}

o]
(=)

the eluates remaining after the 1i HZSOQ hydrolysis.

The possibility that the androstenedione 3-enol sulphate had not eluted Irom
the coluan was investigated by changing the elution solvent to water:methanol
(65:35 v/v). This elutes DHAS in 7 minutes, and collecting aliquots for

30 minutes we were still unable to detect any androstenedione 3-enol sulphate.

3.8 Plasma and tissue levels of DHA and DHAS in subjeéts with breast and

endometrial cancer

Primary breast adenocarcinomas and normal tissue from the same breast were
obtained from eleven postmenopausal patients aged 50-79 years. _Endometrial
tissue and peripheral blood samples were obtained at the time of operation
from women aged 20 to 53 years admitted for curretage or hysterectomy for
non-malignant conditions and from postmenopausal women aged 49-79 yearé with
endometrial carcinoma. None of the patients were receiving any form of

hormonal treatment up to the time of surgexry.
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The mean level of DHA in tumourous tissue was significantly higher than
nornal tissue taken from the same breast (p ¢ 0.01 n = 11, paired t-test).
In 10 similarly matched pairs the mean DHAS levels were not significantly

different (table 3.7).

The endometrial tissue level of DHA and DHAS are shown in table 3.7. The
normal endometrial tissue levels of DHA, but not DHAS, are significanfly
lover in the 50-60 year old compared to the < 50 year old group
(0.001<2<£0.01). The nunmber of subjects is too low in the other groups
to allow statistical analysis. No significant difference was found between
the levels of either steroid in normal compared to cancerous tissue taken
Ifron postmcnopausal wonen (table 3.7).

~

3.9 Clorrelation of plasma and tissue sterolid levels

Zoncentrations of DHAS and DHA in the plasma and endometrial tissue of 55
nornal premenovausal women were significantly correlated (r = 0.7, p<0.001,
and = = 0.323, p< 0.0l respectively) (figs. 3.6 and 3.7). For normal
postmenopausal women plasma DHAS but not DHA levels were correlated to

the tissue levels, however the numbers are small (fig. 3.8). No correlation
was found between plasma and tissue levels of either DHA or DHAS in Patients
with endometrial cancer, but the numbers are small (n = 6).

o data is avallable on the relationship between plasma and tissue steroid

levels for the breast cancer subjects.
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Tissue steroid levels
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DHA (ng/g) DHAS (ng/s)

nean range n mean range n
Hormal endonetrial tissue )
1. <50 yrs. old 77.6 L, 7-343 66 173 | 3.7-620 | 57
2. 50~-60 yrs. 33.6 5.1=-94.4 | 17 154 9.6-501 | 14
3. >60 yrs. old 32.5 11.5-53.1 | 3 80 29.0-131 | 2
&, Sndonetrial cancer 23.4 2.4-53.1 8 184 29.0-530 7

LO~-74 yrs. old)

Jormal breast tissue
5. <50 yrs. old 25.1 4,3-9.5 3 171 73.9-296 3
6. 50-60 yrs. 8.2 6.1-10.2 2 204 ‘ L1 ,7-366 2
7 2580 yrs. old 6.5 1.6-20.0 9 92,4 6.0=554 8
6 Breast cancer 15.8 3.3-41.4 | 11

(50-79 yrs. old)

155 9.5-857 | 10

1vs 2 0.001¢p<0.01
2 and 3vs & p>0.1

6 and 7 vs 8 p<0.01

lvs 2 ‘p>0.l>
2and 3 vs 4 p>0.1 .

6 and 7 vs 8 p>0.01
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DHAS in normal premenopausal women.
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Fig.3.7  Correlation between plasma and endometrial tissue levels of

DHA in normal premenopausal women.
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3.10 Discussion

In oxder to develop a simple, rapid and reliable radioimmunoassay the main
requirement is for a good specific antiserum. This is demonstrated in this
thesis by the assay for DHA which is quicker and easler to perform than the
nethods available and gives results that compare favourably with the reported
literature values (losenfield, 1971; Abraham et al, 1973). The pregnenolone
antiserum onthe other hand is a low titre and poor specificity -and requires
an elaborate, tine consuming assay methodology to obtain reliable results
that agree uith repoxted plasma levels (Bermudez et al, 1970; Abraham et al,

1973; Di Pietro et al, 1972; Anderson et al, 1976).

Due to the lack oFf a specific antiserum to DHAS an initial hydrolysis
procedure was reguired prior to immunoassay. The use of the sulphatase
© enzyne enabled the hydrolysis to be performed relatively easily and results

obtained Tor the mlasma DIAS levels are in good agreement with reported

values (Buster and Abraham, 1972 a/b; Cattaneo et al, 1975).

The lack of antisera to conjugated steroids results in the need to hydrolyse
the conjugate prior to assay, and as demonstrated here, can lead to erroneous
results due to the formation of hydrolytic artifacts. As long ago as 1956,
Dorfman et al, demonstrated that hydrochloric acid forms artifacts during
hydrolysis of steroid conjugates and other workers have alluded to ﬁhe
problem (Azo et al, 1977). Our results support these observations and

show that a range of artifacts are formed during acid hydrolysis. The
production of artifacts being related to the concentration of acid presenﬁ

and the duration of hydrolysis.
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Very 1little information is available on the production of artifacts using
an enzynic hydrolysis. Recently a paper by HMHesserl gi_g;,(l984) réported
the conversion o DHA to androstenedione using Helix pomatia sulphatase.
Our results show that the commercially available sulphatase enzymes contain
a high degree of encymic contamination that allows stercid metabolism to
occur at the acid pH of the hydrolysis buffer. It is not known how vgriable
the contamination is Trom batch to batch but in this case the Patella enzyme
appears to be the least contaminated. In all probability the contaminating
enmynes act on the free steroid liberated from the hydrolysis of the

conjugates rather than acting directly on the conjugates themselves.

If a hydrolysis stage is required then ideally the steroid conjugate should
oe purified first. The work reported here demonstrates the combination of
Sep Pak cartridges and HiLC to extract and separate a number of conjugated
steroids rapidly and renroducibly from human plasma. Once collected from

the column the eluates can be neasured colourimetrically or by immunoassay

either direcctly or after hydrolysis.

Using HPLC purification and acid hydrolysis prior to RiA we were unable to
detect a significant amount of androstenedione 3-enol sulphate in plasma.

It could be argued that we did not get complete extraction of this compound
from the plasma, however we have tried a methaﬁol extraction, ethyl acetate
extraction of plasma saturated with sodium chloride and extraction using

Sep Pak cartridges and found no androstenedione 3-enol sulphate with either
nethod. Assuming this sulphate acts in a similar fashion to ElS with ;egard

to binding to plasma proteins, then we obtained a 50% extraction efficiency
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with the latter method. Using this figure and assuming 100 hydrolysis we
found a maxinum plasna androstenedione 3-enol sulphate concentration of
0.18 nnol/1l. However, this figure was obtained from a mass of steroid
extrapolated from a point on the standard curve which was near the
sensitivity of the androstenedione assay.

~
-

It is nossible that androstenedione 3-enol sulphate exists in plaéﬁa as an
unstable intermediate bound to the enzyme during a metabolic conversion,
similer to the role of testosterone 3-enol sulphate proposed by Toft et al,
(1974), during the enzymatic conversion of testosterone to its saturated

metabolite. However, it seens that androstenedione 3-enol sulphate is not

present in plasma in the guantities nreviously reported.

The variation in the plasna levels of DHA and DHAS in normal subjects at
different times of day, nonth and age, emphasise the need to oétain
appropriate control subjects for any study. The episodic secretion and
diurnal rhythn shom by DHA, DHAS and pregnenolone indicate the need to
take more than one sample to obtain a good estimate of the mean 24 hour
plasma steroid level. Four samples taken at 10.30, 15.30, 22.00 and O4.00
have been shown to give a good estimate of the mean 24 hour plasma steroid
level. This study demonstrates that DHAS does have a distinct diurnal
rhythm which agrees with the findings of Iadden et al, (1978) of a nadir

in the plasma DHAS level at 02.00-04.00 hours.
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The demonstration of increased plasma DHAS levels during the latter half of
the nmenstrual cycle in wonen with no or a low progesterone level has not
been reported before. In previous studies on the level of plasma DHAS
through the menstrual cycle only cycles with good progesterone peaks were
renorted or no nrogesterone results were given. This may be a reason for
the differences of opinion on the existence of a change in DHAS leveié
through the nenstrual cycle found in the literature. This study and the
study on the effect of the contraceptive pill on plasma steroid levels
demonstrate the need to investigate the same subject throughout the

cycle and as their own control to detect an effect of a treatment regime.
The large inter-person variebility in plasma steroid level can result in
the masiiing of small changes in plasma steroid level when results from a
single blood sampling of two separate populations are compared.

The increase in plasma cortisol levels in response to the combined oral
contraceptive treatment is probably due to the well documented increase in
cortisol binding globulin caused by the oestrogen therapy (Schwartz and
Hamnerstein, 1974). However, the effgct of oestrogen therapy on plasna
levels of DHA and DHAS is controversial. Abraham and Maroulis (1975) have
shown increased plasma levels of DHAS in postmenopausal women on oestrogen
therapy while lladden gg_gl,(l978) and Wwild et al, (1982) have shown tﬂat
the combined oral contraceptive decreases plasma levels of DHAS. -
Anderson and Yen (1976) with oestradiol infusions and ethinyl oestradiol
treatment to premenopausal women, showed no effect on DHAS, as did

MNahajan et al, (1978) with castrate women given ethinyl oestradiol.
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Bulbrook et al, Q973) have demonstrated that the combined oral contraceptive
has no effect on the plasma binding of DHAS. Our results agree with the
lindings of liadden et al, (1978) and suggest that a component of the combined
oral contraceptive affects the blosynthesis of DHAS. Whether this effect

occurs at the site of adrenal DHAS synthesis is not known.

Jhen compared to age matched control patients there was no significant
alteration in the mean plasma DHA or DHAS levels in patients with breast
cancer. This contrasts with the results of Zumoff et al, (1981) who
denonstrated increased mnlasma levels of DHA and DHAS in postmenopausal
women with breast cancer. The majority of other workers report normal

or subnoraal levels of plasne DHA and DHAS in breast cancer-subjects.

The increased plasma levels of adrenal androgen reported by Jumoff et al,
(1981) ray reflect a specific alteration of adrenal androgen secretion

or Increasged aarenal activity. Unfortunately Zumoff et al, do‘not give
any values for plasma cortisol ievels in the patients studied. For our
subjects although the breast cancer group have a slightly elevated mean
plasma androgen level, the mean cortisol level is also raised compared

to control subjects suggesting an increased adrenal activity.ﬂ’

The results obtained for tissue DHA levels agree well with reported values
(Maynard et al, 1978; Poortman et al, 1983; Guerrero et al, 1975). No
revorts have been made on the measurenent of DHAS in breast or endometrial

tissue.
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Guerrero gi_gg,(l975) demonstrated a good correlation between tissue and
plasma pregnenolone levels but not for DHA. Our results demonstrate a
strong relationshin between the concentration of DHAS in normal endoﬁetrial
tissue and plasma. The less significant correlation between plasma and
tissue DHA may reflect the measurement of steroid in single plasma samples
which has the problem of episodic secretion which the tissue levels may not
reflect. 2Plasma DHAS levels are relatively stable during the day and may

therefore reflect tissue levels more accurately.

A relationship between tissue and mean 24 hour plasma levels of unconjugated
steroid may be expected from the observations of Giorgi (1981), that
unconjugated steroids cross the membrane by passive diffusion. Giorgi

(1981) suggests that the intracellular concentration of steroid is related

to the amount of unbound steroid in plasma and the solubility of the

steroid in the 1ipid membrane. For DHA and DHAS approximately 5% and 1% of
steroid is free in plasma. Using plasma levels found in normal postmenopausal
women approximately 144 pg of DHA and 10.6 ng of DHAS is unbound in 1 ml of
plasma. Expressing the mean tissue concentrations of these steroids as a
ratio of the plasma concentration, ratios of 230 and 10 are obtained for

DHA and DHAS respectively.

The partition coefficients of DHA and DHAS between n-octanol and water
were obtained using the method of Giorgi (1981), and were 126 and 6.3
respectively. The partition coefficient between n-octanol and water has

been reported to give a good indication of the solubility of the steroid
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in the cell membrane (Giorgi, 1980). The 20 fold higher tissue to plasma
ratio of DHA to DHAS corresponds to the relative partition coefficients

Found for these steroids.

This data suggests that for normal endometrial tissue the unbound plasma
level and tissue level of DHA and DHAS are related and that the tissue
levels agree with the hypothesis of free diffusion of steroid across the

membrane, the degree of which i1s dependent on the polarity of the steroid.

Our data for breast tissue concentrations of DHAS and DHA demonstrate a
significantly increased DHA level with an increased mean DHAS level for
breast cancer versus normals. For DHAS however there were four samples

in which the tumour tissue DHAS level was lower than the control tissue
value while for DHA all tunour tissue values were ralised compared to the
controls, .hether a direct correlation exists between the concentration of
DHAS in normal breast tissue and plasma as found with endometrial tissue

is not known.

The possibility that the elevated tissue DHA concentration found in breast
cancer tumour tissue has an inhibitory action on the 17B-OH steroid
dehydrogenase has been investigated by Bonney et al, @984). These workers
found that for nommal breast tissue there was a significaht positive
correlation between tissue DHA and DHAS levels and lzp-OH steroid
dehydrogenase activity, while for tumour tissue only DHAS was significantly
correlated, These findings would therefore disagree with the hypothesis of
Adams (1977), that the increased adrenal androgen in tissue inhibits the

conversion of oestradiol to oestrone.
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Tlevated tissue DHA levels may be due to increased passage of plasma DHA
to the tissue, increased passage and intracellular metabolism of DHAS or
other -precursors to DHA, or inhibited metabolism of DHA to products such

as androstenediol and androstenedione.

There is no alteration in the calculated regression line obtained from a
nlot of plasma DHA and DHAS levels for normal compared to breast cancér
subjects. This suggests that the specific increase in tissue DHA seen
wlth breast cancer subjects is not a reflection of an altered plasma DHA
level. Hone&er, we have no data on the plasma unbound DHA level so it is
feasible that this may be altered in postmenopausal breast cancer subjects.
This also assumes that the breast tissue uptake of steroid is similar to

cndometrial tissue.

As weported by Bomney et al, (19€4), there is a significant correlation
between the concentration of DHA and DHEAS in normal breast tissue

» = 0.87, p<0.001, y = 0.035 x +4.42), but none for breast tumour
tissue (r = 0.23, p<0.1, y = 0.01 x +15.38). This would suggest there
is an alteration in the metabolism of DHA and DHAS in the tumoir tissue,

possibly by an alteration in the tissue sulphatase/sulphokinase activity.

It would be expected that ﬁhe increased tissue DHA level would result in

an increased tissue androstenediol level provided the tissue 17B-OH steroid:
dehydrogenase enzyme was working normally. This has indeed been found to
be the case (Bonney et al, 1984), with tissue androstenediol levels

significantly elevated in subjects with breast cancer. This suggests there
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is no inhibition of the intracellular delta five steroid metabolism which
would result in increased DHA levels. There is no evidence of an increased
plasma or tissue level of the possible precursors to DHA such as

pregnenolone (0'Higzins et al, 1976) in breast cancer patients.

In conclusion there appears to be a difference in the DHA, DHAS ratio
between normal breast and tumour tissue. UWhether the increase-in breast
tumour tissue DHA is due to an increased tissue uptake or altered
intracellular metabolism is not known. Howevexr, whichever is the case
there is an increased tissue androstenediol level which may have some

bearing on the aetiology of breast cancer.
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4,1 INTRODUCTION

he human adrenal cortex produces glucocorticoid, mineralocorticoicd and
androgenic hormones. Product;on of the glucocorticoid and mineralocorticoid
hormones is undex the control of ACTH and renin-angiotensin secretion
respectively. The mechanism for control of adrenal androgen secretion,

particularly for DHAS, has not been fully elucidated,

A role for .UTH in the control of adrenal DHA secretion was suggested by
sosenfeld et al,(1975) with the denonstration of a synchrony between the
episodic increases in the plasma levels of DHA and cortisol. Studies

in humans have demonstrated the simultaneous increase in plasma DHA and
cortisol levels in responsc to the injection of synthetic ACTH (Cutler

et al, 1979). urther evidence for the involvement of ACTH has been
obtained fron acute and chronic studies with dexamethasone, which results
in 2 connlete suppression of plasma cortisol and a rapid fall in plasma

JdA levels to 20-30: of normal levels. ith chronic dexamethasone treatment
of two Oophorectomised postmenopausal women with metastatic breast cancer

the plasna levels of DHA did not fall to below 26% of initial levels

(Barkouski et al, 1977).

A possible inference from these findings is that ACTH is required for
adrenal androgen production, but whether the ACTH acts alone or has a
permissive effect to enable another hormone to stimulate adrenal androgen

production is not known.



96

Similar investigations into the contrél mechanism for DHAS secretion have
snown that ACTH and dexamethasone have stimulatory and inhibitory actions
respectively on the plasma DHAS level, but the DHAS response is much slower
than 1s seen for DHA. This has been atiributed to the much larger pool
sice and longexr half 1life of plasma DHAS compared to DHA.A

Zossible effects of ACTH on the adrenal secretion of DHAS may not be seen
due to the large endogenous concentrations of the steroid present in plasma,
vhich srould result in smell secretory episodes being masked. It was thought
that measurement of the free JZi3 in plasma may enable an acute effect of
ASTH on JHAS secretion to e ssen. 4s 1t has been shoun by some workers
that levels of steroid in saliva accurately reflect the free plasma
concentrations (Umeda et al, 19€1; 3axendale ct al, 1982), experiments

Ty

were perforned to measure DHA and DHAS in human saliva. If synchronous
increasecs in the salive levels of DHA and DHAS were seen then this would
add cvidence to the direct secretion of DHAS by the adrenal in response to

Acr-\‘r.

liost irorkers have concluded that DHAS is solely secreted by the adrenal
and the measurement of plasma DHAS has been suggested to be an indicator

of adrenal function (Xorth-Schutz, 1976).

In a number of clinical situations secretion of ACTH, as measured directly
by changes in the concentration in plasma or as reflected by alterations
in the plasma cortisol level in response to ACTH, is divergent from changes

in the plasma adrenal androgen level. This has been reviewed by Parker and
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Odell (1980). These dissociations have led to the suggestion that the
pltuitary releases a factor other than ACTH which specifically stimulates
the secretion of androgen by the adrenal cortex. This factor has been
christencd, cortical androgen stimulating hormone (CASH) by Sarker and
0cell (1977), and adrenal androgen stimulating hormone (AASH) by

rurbach et al, (1978).

Uther suggestions to explain the dissociation between adrenal androgen and
coxrtisol production during adrenarch have been made. High local levels of
cortiscl inluce norphological and functional changes of the zona Teticularis
(/nderson, 1930), or that there is a primary shift in the adrenal
biosynthetic rathways with advancing age (Rich et al, 1981).

CT the wmany compounis proposed as the nostulated AASH (Parker and Odell,
1980), prolactin has received a great deal of attention. This was started
by the xeport by Vernculen et al,(1977) that subjects with hyperprolactin-

aenia have elevated plasma DHAS levels. Since this time a number of

ol

apers have appeared supporting (Bassi et al, 1977; Carter et al, 1977;

ot

{andeel et al, 1978) and contesting the hypothesis (Metcalf, 1979;

Zarler et al, 1978).

ilost authors have concentrated on the adrenal as being the site of
nrolactin action, hoiwever prolactin receptors have been demonstrated in
overian tissue (Costlow and licGuire, 1977). McNatty et al, (1974) have
demonstrated that in the human Graafian follicle the prolactin concentration

is inversely rclated to the nrogesterone level, and that this effect is
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dose dependant. El-Ayat (1978) showed that ovarian tissue taken during
the follicular phase converts pregnenolone to DHA rather than
progesterone, and that the reverse occurs during the secretory phase.
Hence high levels of prolactin could be associated with conveision of
pregnenolone to DHA by ovarian tissue during the follicular phase. The
conversion of the ovarian produced DHA to DHAS would therefore increase
the plasma DHAS levels. To investigate this possibility plasma DHA,

DHAS and progesterone were measured in patients with Addisons disease.

In the following experiments it was hoped to obtain further information
on the relationship between ACTH secretion and plasma DHA and DHAS levels
and to investigate some examples of a divergence between the plasma
cortisol and adrenal androgen levels, with regard to the existence of
the postulated AASH. The possibility that prolactin is the postulated

LASH and its possible site of action was also investigated.

4.2 Correlation between the secretion of DHA and DHAS with cortisol

Regular blood samples were taken from a normal premenopausal female (age ‘
34 yrs.) at 30 minute intervals throughout 24 hours, and plasma DHA,

DHAS and cortisol levels were assayed. A good correlation between the
secretory episodes of DHA and cortisol is seen (fig. 4.1). This
correlation is maintained in males and both pre and postmenopausal

females. No correlation is seen between the plasma levels of DHAS

and cortisol.
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‘Fig. 4.1. an example of the diurnal profile in plasmne levels of Uil., cortisol,

- DHAS and pregnenolone measured in a normal 35 v, old female

over 23 hrs.
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4,3 Correlation between vplasma AJTH, OHA and cortisol levels

In three normal subjects, two female and one male, studied over either 8
or 24 hours with regular blood sampling, the plasma AJTH concentration was
neasured using ASTH kits obtained from Amersham Internmational. The kits
are derived from the method of latcliff and Edwards (1971), for measuring
vlasma AJTH by radioimmunoassay after extracting and eluting the ACTH fr@m
porous glass beads. As can be seen (fig. 4.2) there is a good agreement
between the secretory episodes of AUTH with those of cortisol and DHA.

The plasma level of AUTH was within the expected normal range (10-100 pg/ml,
Berson and Yalow, 1968; Landon and Greenwood, 1968), although there were
fewer secretory eplsodes than expected for the female subject (Krieger

and Allan, 1975). Jith the timing of the samples it is possible that some
secretory episocdes of AITH were missed due to the short half 1ife of ACTH

(& minutes, Gallagher et al, 1973).

Ly Tormel ranges for salivary DHA and DHAS

Heasurenent of the salivary\sieroids was performed as described in section 2.
The normal levels found for DHA and DHAS in males and females in samples
taken at various times of the day and at different stages of the menstrual’

cycle, are shown in table 4.1. None of the subjects were taking any

medication or the contraceptive pill.

There was no significant difference between the concentration of DHAS in
males and females (0.5<p<0.1), although the number of subjects is sﬁall.
This contrasts with the higher level of DHAS found in the plasma of men
compared to women. #hether this reflects the relative amounts of bound

DHAS in plasma is not known. sesults for salivary DHA agree with the reported
values but the DHAS values are higher than reported values (Gaskell et al,

1980; finlay et al, 1982).
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Table 4.1

Normal salivary DHA and

DHAS concentrations

Females
Subject Age Cycle stage DHAS nmol/1
AA - - 10.6
AB - - 9.9
AU - - 10.9
4D 27 - 11.0
AIS 25 Larly 29.2
IH 27 farly 11.2
AF 15 Mid 9.6
AG 24 Mid 12.1
AH 26 Mid 11.7
PB 27 Mnid 9.0
AT 43 Mid 10.3
AJ 37 Late 11.2
Mean 12.4

Hales
Subject | DHA nmol/1 | DHAS nmol/1
FB¥ 1.8 26.2
DI* 0.5 16.1
JH 0.88 -
Bl 9.9
B2 59.4
B3 16.3
B4 15.4
B5 18.1
B6 20.8
B7 8.8
B8 10.5
B9 31.1
' B10 10.8
Bll 12.2
Mean 1.06 19.7

% = mean

of diurnal data
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4.5 Diurnal profiles of salivary and plasma DHA, DHAS and cortisol

Two normal mzle volunteers were studied throeugh a twenty four hour period
with samples collected every hour. Blood samples were taken via an
indwelling cannula in the antecubital vein and saliva samples collected
over 10 minutes, 5 minutes pre and post the blood sampling. A good
agreement exists between the secretory episodes of plasma DHA and co;ﬁisol
and for plasma cortisol with salivary cortisol (fig. 4.3). The agreemént
betueen plasma and salivary DHA secretory episodes is not so good, notably
the increase in salivary DHA prior to an increase in plasma DHA at 01.00

and the peak at 20.00 hours.

The diurnal rhythm shown by plasma DHAS 1s similar to that seen in other
subjects excent the fall in the plasma steroid level occurs later at 01.00
hours to a nadir at 04.00 hours. The plasma and salivary levels of DHAS
appear to be inversely related. The salivary DHAS diurnal proéile shows

no relationship to that of salivary cortisol and hence by inference with

UTH, but does agree with the salivary DHA profile,

4,6 Divergence of adrenal androgen secretion from cortisol

a) Effect of age

Single blood samples were taken from females between 10,00-

12.00 or 14.00-16.00 hours and plasma DﬁA, DHAS and cortisol levels measured.
As shown in fig. 4.4 there is a decrease with age in the plasma concentration
of DHA and DHAS in females which is not shown by cortisol. This has been
documented by other workers (Vermeulen et al, 1980) and has been interpfeted
to indicate a specific alteration in the adrenal secretion of the adrenal
androgens, either by a decrease in an adrenal androgen stimulating hormone

or through a decrease in the biosynthetic capability of the adrénai zona

reticularis.
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b) CPatient Car

This patient was a 19 year old male who presented with hypogonadotrophic
hypogonadisn. He was an asthmatic and used Ventolin. Hidnight and 8'a.m.
cortisol levels were normal (52 and 408 nmol/i), with normal thyroid function
and growth hormone levels. His testosterone level was <5 nmol/1 with a
plasma #SH level of 1.0U/L (normal range 2-8) and plasma LH level of 3.2 U/L
(normzl range 6~12 U/L). He has no body hair and was diagnosed as als;

having & 5 alnha reductase deficiency.

Jhen studied over a period of 12 hours by rsgular blood sampling (every
30 minutes) his plasma cortisol and pregnenolone levels were found to be
normal. DHi and DHAS levels were very low (approximately 10% of expected
values), although there was still a good agreement between the episodic

seccretion of DA and cortisol (fig. 4.5).

c) Fratient II.T.

This patient was a 43 year old lady who presented with amenorrhoea. Her -
pituitary scan was normal but she had a raised plasma prolactin level

(35 ng/1, normal range 0~12 ng/1). Upon further investigation it was
discovered that she had minimal plasma cortisol and elevated—DHA and DHAS
levels. 4An initial study was performed with blood samples taken every

30 minutes for 24 hours. Plasma DHA and DHAS levels were measured and were
high nornal with a normal diurnal rhythm. The cortisol profile was
abnormally flat with most values around the detection 1limit for the cortisol

assay (27 nmol/1).
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lleasurement of plasma prolactin levels over the 24 hour study period
suggested a correlation between the secretory episodes of prolactin and
those of DH4 (fig. 4.6). There was no agreement between the secretory

eplsodes of plasma DHA or DHAS with those of LH or #SH.

The plasma cortisol level in response to 250 pg of ACUTH was attenuated\_
while DHA responded normally. In response to a single oral dose of
cexamethasone (2 mg at midnight), followed by an intravenous dose of

hydrocortisons at 02.00 hours, the plasma levels of DHA and androstenedione

|-

fell, 47,5 and 75,0 esnectively, the decrease in DHA being less than
exnected (707 Nishida et 21, 1972). The decrease in the plasma DHAS

ievel in cesnonse 1o the dexanethasone was very slow.

Tne hall life for the inJjected cortisol was about 65 minutes which is in
agreement with the results of Hellman et al, (1970). This suggests that
the metapolic clearance rate of cortisol was normal, indicating a problem
with the production of cortisol. In response to an insulin stress test the
A42TH level responded poorly, pre test 17 ng/l peaking at 60 minutes to

46 ag/1 (normal reak s TH level at &0 minutes is about 200 ng/l).

This subject apnears to have elther a partial pituitary ACTH deficiency or
an increased sensitivity in response to cortiscl by the target organs and
the »ituitary. Two possible explanations for the secretion of DHA and
ancrostenedione with little cortisol are: 1) the zona reticularis is more

sensitive to alTH than the cona fasciculata, or ii) that the adrenal

androgens are stimulated by another hormone,
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Interest was raised in the second explanation with the observations of
Vermeulen gi_g},(lQ??) that increased DHAS levels were seen in subjects
with raised plasma prolactin levels. Our patient had a raised plasma
prolactin level and some correlation between the secretory episodes of
prolaétin and DHA. To test the hypothesis that prolactin is the putative

adrenal androgen stimulating hormone the following study was performed.

L.7 Investigation of patients with hyperprolactinaemia

Sizteen women with untreated hyperprolactinaemic amenorrhoea were studied,
twelve over a 24 hour period with blood samples taken either % or hourly,
and four uith a single morning sample. Four women were given a single

2.5 mg tablet of bromocriptine midway through the 24 hour study. Hormone
measurenants were made on all samples from six patients and on four samples
taken at 10.30, 15.30, 22.00 and 04.30 hours from the other women. In
patients given bromocrliptine the mean steroid level was calculéted on the
period prior to medication. Prolactin was measured by S. Franks from the
Dept. of Obstetrics and Gynaecology, St. Mary's Hospital, according to

the method of Franks et al, (1975), and the.results expressed in terms of

the VLS 1 standard prolactin preparation.

The mean plasma prolactin level for patients with hyperprolactinaemia was
66.8 pg/l with a range of 17-296 yg/l. The normal range is 7.2 z B.Z}QQQU
The mean 24 hour plasma concentrations of DHA and DHAS were mean 20.6 nmol/1
(range 6.1-34 nmol/1) and mean 7.4 pmol/1 (range 1.2~15 pmol/l) respectively.
The nean 24 hour concentration of DHAS was raised above the normal range in

four patients, while all DHA levels were within the normal range.
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The mean levels of cortisol, androstenedione, testosterone and oestradiol
were measured over 24 hours in some of the patients and were in the normal
ranges (table 4.2). Gonadotrophins were measured in six patients. In
five the LH levels were below normal while FSH was elevated in two,
depressed in one and normal in the remainder. No temporal relationship

-

was found between the secretory episodes of either FSH or LH with DHA

or DHAS.

A good linear correlation was found between the log of the mean plasma
prolactin concentration, as determined by regular sampling over 24 hours,
to the mean plasma levels of DHA (r = 0.58, 0.0l <p<0.025) and DHAS

(x = 0.57, 0.025«p<0.05).

4 very good temporal relationship was demonstrated between the secretory
episodes of cortisol and DHA. Ho such relationship was demonstrated

between cortisol and DHAS nor between prolactin and cortisol, DHA or DHAS.

The diurnal profiles of cortisol, DHA and DHAS show %he éxpected pattern
while prolactin has lost the night time peak. One patient with a proven
pituitary tumour and a prolactin level of 124 ye/1, the only complete
profile with a prolactin level greater than 100 pg/1, had an abnormal
diurnal rhythm of DHAS with no nadir at 02.00-04.00 hrs. DHA secretory
episodes remained in good agreement with secretory episodes of cortisol

through the profile but with a greatly elevated baseline level.



Table 4.2

Hormone levels in patients with hyperprolactinacmisz

Hormone
Subject Prolactin yg/1 DHA nmol/1 DHAS Jortisol i p/1 FSH u/1 Testo nmol/1 £2 pmol/1 A'dione
umol/1l | nmol/l nmol/1
Cr 17.8 16.8 L,2 137 — - — 235 —_
Ca 25.0 6.1 1.8 221 — — 1.74 128 —_
0'sh 26.0 20.5 11.8 160 —_ — —_ 250 —
D'An 124.0 3.6 15.0 32 5.4 1.7 1.8 280 —
Do 23.7 14,2 5.3 282 —_— —_ —_ —
La 50.0 18.7 5.5 200 5.5 2.5 —_ — 6.3
Hi 20.0 8.3 1.2 209 —_ — 224 —_
MT.1976 32.0 16.7 6.1 71 — —_ 1.5 —_ —_
MT.1979 40.0 19.7 5.4 40 2.3 3.9 — -—_ —_—
Wa 116.0 13.7 4.0 — 9.7 L,2 — —_ -
Fu 132.0 13.3 5.1 — 1.2 0.3 — —_— —
Ch 296.0 28.2 11.9 - 3.7 2.5 - —_
tro (pre) k7.0 13.9 5.9 169 —_ — .6 —_ b,2
¥Fo (post) 22.0 18.1 5.8 — —_ — 3.6 — —_
x ¥ 25.0 40.3 14.3 — — —_ — —
s ¥ 42,0 22.6 8.5 — _ _ — — —
smi ¥ 20.0 40.3 9.3 —- _ — _ _ —
aw ¥ 63.0 20.8 8.7 —_— — —_ —_ — _—
Normal range 7.2 = 3.5 3.6-43.9 140-690 6.6-13.4 | 1.3-3.7 | 0.5-3.0 146=1440 1.4=7.0

X Single sample results

1 Results pre and post 1 month bromocriptine treatment

103"'6'7 ) IS

ZIT
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dcute treatment with a single 2.5 mg dose of bromocriptine resulted in a
rapid decrease in the plasma prolactin concentration in all subjects, buf
had no effect on the plasma levels of either DHA or DHAS or on the
secretory episodes of DHA and DHAS when compared to non-treated subjects,
Zhronic treatment with bromocriptine for one month decreased the mean
plasma concentrations of prolactin (47 pg/1 to 22 pg/l) and DHAS

(7.5 ypmol/1 to 5.8 ypmol/1) while testosterone and DHA both rose

(1.6 nmol/1 to 3.6 mmol/l, and 13.0 nmol/l to 18,0 nmol/l respectively).
The post~treatment level was based on a single sample and may not be a
good estimate of the 24 hour mean value. The comparison above is made

with pre-treatment samples taken at a similar time of day.

Fig. 4.7 shows the relationship between the plasma levels of DHA and DHAS
in female subjects with hyperprolactinaemia and normal premenopausal
woilen. The different gradients for the lines of best fit suggést that
there is an alteration in the blood production rate of either DHA or
DHAS rather than an alteration in the metabolic.clearance rate, as
Vermeulen and Ando, (1978) have shown this is unchangeé in subjects

with hyperprolactinaemia, Both correlations were significant at the

p <0.005 level. Tﬁe superior r value found for the group of prolactin
subjects may reflect the use of mean 24 hour plasma steroid levels,

which removes the effects of DHA episodic secretion.
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4,8 Investigations on subjects with Addisons disease

To investigate the production of DHA and DHAS by the ovary, four patients with
Addisons disease were studied over 4~48 hours with regﬁlar blood sampling.
One subject (11?) was studied on three occasions over a period of three years.
rlasna OHA and DHAS levels were measured in the samples and because low levels
of the hormones were expected, larger volumes of plasma were assayed. -This
—esulted in the assayed mass of steroid falling on a reliable portion of

the standard curve. All the assays have been tested for linearity over the

ranze of volumes used in this section.

The nean »lasne levels of the hormones over the periods measured are shown in
1.3. .8 expected the DHA and DHAS levels are low, 2-10% of normal,
novever the plasne pregnenolcne level was normal in the one subject tested.
The plasma DHA and pregnenolone levels appear to alter synchronously

(fig. 4.8;. The secretory episodes of DHA and pregnenolone do not correlate
iith the secretory episodes of FSH or LH. DHAS exhibits no secretory
episodes, however the fall in the plasma level between 22.00 hours and 04.00 -

hours demonstrated by normal individuals is still seen in these subjects.

L.9 Comparison of plasma progesterone and DHA levels -

In patient Pau, who was studied on three separate occasions,_plasma
progesterone and DHA levels were measured over each complete 24 hour study.
The mean 24 hour plasma progesterone levels were 6.2, 29.0 and 16 nmol/l
with nmean DHA levels of 2.2, 1.5 and 2.2 nmol/1 respectively. There Qould

seem to be an inverse relationship between the plasma levels of DHA and

progesterone in this subject.
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Table 4.3

Subject ige DilA nnol/l DHAS umol/1 Pregnenolone nmol/l

ray. 56 0.38 0.16 -
., Pre dex 1.0 0.06 -
7id, Post dex 0.9 0.07 .-

Jav. 52 1.0 0.08 -

hy
1V}
<
o
B
(@]
-
W
)

2 - -

aun. 7o 1L Ly 2.2 0.06 -
Tau. yr 2 s 1.5 0.06 1.9

:lean plasna stercid levels in patients with Addisons disease.
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4,10 Discussion

The »esults described here demonstrate the excellent temporal correlation
betiecn the changing nlasma levels of DA and pregnenolone with cortisol
and of DHA and cortisol with AITH, sumrorting the hypothesis of an adrenal
origin for these steroids which is stinulated by ACTH. VYWe have been unable
to demonstrate an acute effect of ACTH, as reflected by correlation wiﬁh

secretory episodes of cortisol, on the plasma levels of DHAS.

The evidence obtained from the neasurement of DHAS in saliva supports the
plasna evidence that there is no acute effect of ACTH on DHAS secretion.
The reason(s) for the disagreement between the plasma and saliva levels of
both JHA and DHAS vhile those of cortisol appear to agree are not known.
The disagreenment may be caused by secretion or metabolism of DHA and DHAS
by the cells of the mouth, by bacterial growth or by a concentration
effect caused by decreased nocturnal saliva fiou. The latter feason would
annear to be correct as the salivary levels of DHA and testosterone
(Baxendale et al, 1982) also increase nocturnally, although cortisol does
not show the same effect. It would appear that salivary meaéurementsAof

DHA and DHAS can not be used as a reliable indicator of the plasma steroid

levels as has been demonstrated with other hormones (Baxendale et al, 1982).

The three examples quoted of a divergence between plasma, cortisol and DHA
levels suggest another mechanism for the control of DHA and DHAS secretion
other than ACTH. The possibility that prolactin in the postulated A.A.S.H.
was investigated and the results reported here clearly confirm the

association of raised plasma DHA and DHAS concentrations with severe



hyperprolactinaemia. Our results and those of Facchinetti (1980), show a
dose-response relationship between the log prolactin concentration and the
plasma DHA and DHAS levels. We found no increase in the plasma levels of
testosterone, androstenedione, oestradiol or cortisol in patients with
hyperprolactinaemia, while the levels of FSH or LH ranged from below to
above normal. These findings are in agreement with those of Parker

et al, (1978), Bassi et al, (1977) and Aono et al, (1976).

45 1t has been shown that the increased plasma DHAS levels in subjects

with hyperprolactinaenia are due to an increased blood production rate

rather than a decreased metabolic clearance rate (Vermeulen et _al, 1978;
Belisle et _al, 1980), and that more than 90% of DHAS and 80% DHA is

produced by the adrenal'(Nieschlag et al, 1973; Abraham and Chakmakjiém,

1973; Abraham, 1974), most authors have concluded that the adrenal "is

the site of prolactin action by partial inhibition of the 3B-ol-dehydrogenase-
isomerase enzyme with ACTH required to maintain steroid biosynthesis. This
concept has been supported by the finding of prolactin receptors in rat

adrenal tissue (Costlow and McGuire, 1977).

That the elevated androgen levels are not caused by ACTH was suggestéd by
Caufriez ct al, (1977) and Thorner et al, (1974), who demonstrated that
plasma levels of ACTH are low to normal in patients with hyperprolactinaemia.
The data from the ACTH stimulation tests of Vermeulen and Ando (1978),
Cérter et al, (1977), and Facchinetti et al, (1980), and the data on

patient MT, who despite minimal ACTH and cortisol levels maintained

I

elevated and episodic androgen secretion, also support this hypothesis.
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The data shown in fig. 4.7, illustrate that the ratio of DHAS to OHA
concentration in the patients with hyperprolactinaemia is different from
that of the control subjects, and this could be due to either a relative
increase in production of DHAS, or an altered conversion of DHA to DHAS.
To our Lknowledge the latter has not been investigated in relation to

hyperprolactinaenia, <

The zesultz fron the study of patients with hynerprolactinaemia and from

the study of natient ..T, ralise the alternative possibility that the source
he increased vroduction of DEA and DHAS may be ovarian. The work of
Lewatty et al, (197) ead S1 ryet (1978) support this with the suggestion
that »rolactin directs ovarian bdiosynthesis either through the delta four or

1

lelta Tive nathway denending on the stage of the menstrual cycle.

*

DH:i and progesterone in the patient with Addisons disease may lend in vivo
support to the in vitro findings of lMcWatty et al, (1974). The mechan;sﬁ for
interchaﬁging biosynthesis from the delta four to the delta five pathway
nay be nediated via regulation of the 3B-ol-dehydrogehase isomerase enzyme
as Sano g}_g&,(lQSl) have demonstrated low activity of this enzyme during
the follicular phase and increased activity during‘the luteal phase of the

nenstrual cycle.

This work supports the hypothesis that the elevated DHAS level found in

patients with hyperprolactinaemia may be due to the increased production of
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DHA by the ovary under the influence of prolactin followed by conversion
of the DHA to DHAS. The finding that in most of the patients with
hy»erprolactinaenia the DHA levels were within normal limits while DHAS
levels were elevated, suggests that the sulphokinase enzyme acts to

naintain plasma DHA levels within normal limits by conversion to DHAS.

The acdrenal secretion of DHAS neets the following criteria of
i) there is a concentration gradient between the adrenal venous
e{fluent and peripheral levels (Wieschlag'et al, 1973),
ii; cdexanethasone suvpression and ACTH stimulation tests (Vaitukaitis

et al, 1969; ileschlag et al, 1973).

Jith AJTH stimulation and dexamethasone suppression tests there is an
initial lag neriod after administration of the test material and, the
response oy plasna DEAS. This contrasts with the rapid response seen
with plasma cortisol and DHA levels. This difference has usually been
ascribed to the large endogenous plasma DHAS levels swamping any initial

rapid resrponse. ‘ .

Two pieces of information suggest an alternative hypothesis to the éirect
secretion of DHAS by the adrena1~in response to ACTH:
i) the report by inosenfeld et al, 1972, that within 30 minutes of an
injection of 3H—DHA3 9074 of the radiocactivity in plasma was recovered

as the conjugated steroids DHAS (55%) androsterone sulphate and

etiocholanolone sulphate,
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ii) with studies involving the continuous infusion of unlabelled DHA
into hirsute women with polycystic ovarian ‘syndrome with and
without a prior seven day treatment with dexamethasone there was

a rapid conversion of the infused DHA to DHAS, fig. 4.9.

The mass of DHA infused was greater than the usual daily production rate
(38 mg/24 hours vs. 6-8 mg/24 hours). As can be seen in the patients taking
dexamethasone there 1s a rapid increase in plasma DHA levels to reach a
plateau, while the DHAS levels rise slowly but continuously. The pattern
in the non-suppressed patient is different showing a much slower increase
in plasma DHA levels to reach a plateau and a significant leg period
before plasma DHAS levels increase (1.5-2 hours). This pattern of a lag
period followed by a steady increase in plasma DHAS levels is the same as
seen in response to AJTH stimulus, Nieschlag et al, 1973; Carter et al,
1977; Cutler et al, 1979. It is also noticeable that during the 24 hour
profile studies the plasma levels of DHAS roughly follow those of DHA
but with a delay of 1-3 hours, and with episodic peaks of DHA merged

into one DHAS peak.

It is suggested that alterations in plasma DHAS levels are a reflection of
an altered plasma DHA level and the action of the sulphokinase enzyme.
Steroild sulphokinase enzyme activity has been demonstrated in a number of
tissues, liver, Jejunal mucosa and adrenal, Bostrom and Wengle, 1967;
Cameron et al, 1969. The activity of the adrenal sulphokinase results

in the gradient seen between peripheral and adrenal venous DHAS levels,

by conversion of adrenal DHA secreted in response to ACTH. The conversion
of DHA to DHAS is ACTH independent as shoﬁn by the DHA infusions to

dexamethasone suppressed subjects.
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The measurement of plasma. JHAS nay therefore not be a good indication of
edrenal androgen secretion. The decrease seen in plasma DHA and DHAS in
hirsute and acne subjects on treatment with the combined oral contraceptive
nzy be a result of the inhibition of LE mediated ovarian secretion of DHA
due to the ethinyl oestradial rather than an effect of the treatment on

the adrenal.

The inverse relationship seen between plasma DHAS and progesterone levels
during the menstrual cycle may result from the inability of ovarian
steroidogenesis during an inadequate luteal phase to divert from the delta
“ive to the delta four nathway. The increased DHA production resulting in
an elevated DHAS level by the action of adrenal and peripheral sulphokinase
activity.

In conclusion, we have confirmed the relationship between the éecretory
episodes of Dlla with those of AUTH and cortisol but have been unable to
detect any relationship of ACTH to the secretory episodes of.DHAS.’,Our work
has suggested the existence of an adrenal androgen_stimulatihg'hormone,

but that prolactin is not this hormone. Prolactin may have aﬁ effect on
the human avary but this has not been proven. We have also suggesfed that
DHAS may not be directly secreted by the adrenal but that its plasma ievél

reflects the blood production rate of DHA,
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5. INTR0DUGCTION

Many non-endocrine tissues are capable of metabolising steroids in vitro,
skin, adipose tissue, pulmonary endothelial cells and muscle tissue (Thonas
and Ozke, 1975, Siiteri and MacDonald, 1973; Milewich et al, 1983; Longcope
et al, 1978). Within the tissue inactive precursor steroid can be converted
locally to an active product (Thomas and Oake, 1975, DHA to DHT in skin).
Although the tissues have been shown to be able to metabolise steroid, the
quantitative importance of this metabolism is not known as no data is
available on the endogenous concentration of precursor steroid within the

tissue,

One cell which may be of importance for steroid metabolism is the red blood
cell. These cells possess l?ﬁhydroxy—steroid dehydrogenase activity
(Jacobsohn and Hochberg, 1968; lulder et al, 1972; Jacobsohn et al, 1975),
and are capable of converting androstenedione to testostercne and DHA to
androstenediol (Van der Molen and Groen, 1968; Hulder et al, 1972). .ed
blood cells of dogs and humans have been shown to contain apprecilable

amounts of pregnenolone and other steroids (Holzbauer, 1972).

If the red blood cell concentration of DHA and androstenedione is significant
the large volume of red blood cells within the body could contribute Lo the
peripheral production of androstenediol and testosterone. Indeed Fylling
‘(1965) has reported a significant difference in the conversion of
androstenedione to testosterone, in the/red blood cells of hirsute women

compared to normal women.
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The aim of this work was to iﬁvestigate the concentration of steroid within
the human red blood cell and evaluate the possible role of the red blood cell
in the peripheral conversion of steroid. If red blood cells contain a
signifiéant amount of steroid then heamolysis of blood samples could cause

severe problems for the measurement of the plasma levels of each steroid.

5.2 Measurement of steroid in red blood cells

Fresh 1ithium heparin blood samples (10 ml) were taken and the haematocrit
measured. The blood was centrifuged (1000g) for 5 minutes and the plasma
decantea and kept. The cells vere resusPénded in normal saline to a volume
of 10 ml. After mixing the cells on a rotary mixer for 10 minutes the cells
were brought down by centrifugation (1000g) and the saline decanted and
collected. This procedure was repeated three times and the washes kept.
After tbe final wash the cells were lysed by resuspending in distilled water

to a final volume of 10 ml.

Aliquots of plasma (500 pl), each wash (500 pl) and lysed cells (250 ypl) were
taken and 50 pl of J4-DHA and 3H—pregnenolone added (10,000 dpm of each) as
internal recovery, After equilibration for 30 minutes at 2°% the steroid

was extracted with 10 ml of diethyl ether, the organic phase decanted after

freecing the aqueous layer and evaporated to dryness under 3 The residue

o

=

was spotted onto silica gel TLZ plates with 2 x 100 pl of diethyl ether and

the plate developed in dichloromethane:ethyl acetate (93:7 v/v) twice.
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Areas of radioactivity were located under a Panax beta-scanner and excised:
The steroid was eluted from the plate with 5 ml of diethyl ether for 2 hours
prior to decanting the ether and blowing to dryness under nitrogen. To each
sahple residue add 1 ml of ethanol. Aliquots (3 x 200 ul) were taken one'
for recovery estimation and two for assay. The assay methods were then as

described in section 2.

Fig. 5.1 illustrates the disposition of steroid between the plasma and cell
fractions in 10 ml of whole blood. In each case the final wash contained
no steroid therefore there was no significant amount of plasma left around

~ the cells. It is not known whether any steroid is leached from the cells during

the wash procedure, from the above observation this would seem unlikely though.

As can be seen, the mass of DHA in the cell fraction is fairly constant betueen
subjects but is more variable for pregnenolone., The cell concentration of
steroid does not follow the diurnal variation seen with the plasna steroid

level.

The majority of pregnenolone in blood (approximately 907%5) and less than 405
of DHA is associated with the ZBC. To determine whether the sterold was
attached to the membrane or free within the cell, five blood samples were
taken and processed as above. The haemolysed blood was then divided into
"2 aliquots and one aliquot centrifuged at 1000g for 30 minutes. Aliquots
of the supernatant and unspun haemolysate were taken and assayed. There was

no consistent difference found between the two samples for either DHa or

pregnenolone.,
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5.3 Metabolism of steroids by red blood cells

Due to the_high intracellular concentration of steroid it was of interest to
investigate the degree of intracellular metabolism. Tritiated steroid
(800,000 dpm) in 50 pl of ethanol was added in quedruplicate to screw top
10 ml glass vials and blown to dryness under nitrogen. Two total count
tubes were aléo taken. To one pair of vials 2 nl of freshly taken whole
blood (Lithium Heparin) was added and 2 ml of sterile normal saline to the
second pair, The vials were incubated with constant shalzing in a water bath
at 37°Ckfor 2 hours., After incubation 2 ml of distilled water was added to
each tube and each incubate transferred to a separate 20 ml stoppered glass
tube. The steroid was extracted with 3 x 10 ml of diethyl ether and each

sample aliquots pooled and evaporated to dryness under nitrogen.

The residue was applied to TLC plates with 2 x 100 pl of diethyl ether and
the plates developed in chloroform:acetone (85:15 '/v). Aifter development
each lane was divided into 0.5 cm sections and each section eluted with 10 nl

of toluene based scintillant prior to counting the eluted radioactivity.

The result for each section was expresse& as a percentage of total counts
incubated. Comparison of the test chromatograms with the saline controls
indicated the presence of a metabolic product. The possible identity of the
product steroids was obtéined from reference steroids run in the same

chromatography system, table 5.1.
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Steroid incubated

Possible product

% conversion

nean % conversion

Pregnenolone

Androstenedione

- DHA

Testosterone
Progesterone

Androstenediol

Dihydropregnenolone

Testosterone

Androstenediol

2.5
2.1

5.9
6.2

5.9

2.5
3.0
3.2

2.3

6.0

. . . . . 0
¢ conversion of steroids by incubation with 2BC at 37°C for 2

hours.
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The results indicate that only the 17-hydroxy steroid dehydrogenase and
possibly the 20-hyroxy steroid dehydrogenase enzymes exist in sBC. There
was no evidence for the existence of aromatase, ZPol-dehydrogenase isomerase
or 5 ol reductase engymes in 3BC.

fncubation of 2 ml of red blood cells (resuspended in saline after 2 saline
washes) with 3H—DHA resulted in an increased conversion to androstenediol
(10.4%). This presumably reflects the removal of the plasma binding

proteins which would prevent entry of steroid into the .BC for metabolisn.

During the course of the incubation experiments an area of radloactivity was
detected that ran with the solvent front on TLC from the extractions of the
DHA and pregnenolone incubations. No such radicactive area was seen with

the control incubation.

This observation was of interest as a result of the report by Hochberg et al,
(1977) of a lipoidal derivative of pregnenolone formed by incubation of
pregnenolone with bovine adrenal corticol tissue that releases free pregnenolone
after Saponification. If human blood could form these lipoidal derivatives
then this could be ofAmajor significance. It was therefore decided to

further investigate these compounds.
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5.4 Comparison of whole blood, washed cells and plasme for formation of

non-polar steroid conjugates

To determine the site of the non-polar conjugate formation a fresh lithium
heparin blood sample was teken and divided into four aliquots. Two aliquots
weré centrifuged and the plasma decanted. The cells were washed with 3 x 2 ml
of sterile saline, the saline being decanted and discarded after each wash
and centrifugation. The volumes of washed cells and decanted plasma were
made to 3 ml with sterile normal saline. The whole blood, washed cells and
plasma were incubated with either 3H—pregnenolone or 3H—DHA (8 x lO5 dpm)

at 3700 for 3 hours. 2 ml of distilled water was added to each sample and
the steroids éxtracted with 3 x 10 ml of diethyl ether. - The procedure was
then as described in section 5.3. The production of non-polar conjugate by
each fraction is shown in table 5.2. Results are expressed as a percentage

of the total cpm added to the incubation.

The majority of the non-polar conjugate is formed by the plasma. The higher
percentage formed by the whole blood commared to the sum of the plasma and
washed cells may reflect uptake of the conjugate by the cell thereby
removing a possible product inhibition effect, assuming an encyne 1is

responsible for the conjugate formation.,

5.5 Comparison of steroids for formation of non-vpolar conjugzates

6

" To test the specificity of non-polar conjugate formation by plasma, 1 x 10
dpm of pure 3H—steroid was incubated at 3700 with 3 ml of plasma. The results

are shown in table 5.3. These figures represent mean values obtained from
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Table 5.2 Conversion of DHA and pregnenolone to non-polar conjuzates by

whole blood, plasma and washed cells

% conversion to non-polar conjugates
whole blood plasna washed cells
Pregnenolone 29.4 15.6 2.9
DHA 5.4 - L 1.1

Table 5.3 Percentage conversion of steroids to ﬁdn—polar conjugates

Steroid % conversion to non-polar conjugate
Pregnenolone 20.5
DHA 12.4
Androstene %B 138 diol 4.7
Oestradiol 0.2

Androstenedione
Testosterone
Oestrone
Dihydrotestosterone
DHAS

NI VR P S g
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" . 'five incubations using different extraction and incubation protocols. The

" pregnenolone conversion figure is underestimated due to a low recovery of .
labelled material (30%) from the incubation mixture. The extraction of

.préghenolone from plasma using these solvents would be 80-90%, the 509

- ﬁifference between the two figures may therefore represent unextracted

hon—polax conjugate. No polar conjugates have been detected for any of the

incubations. The quantity of non-polar conjugate formed was dependent on

o

- the incubation time and was the same for both male and female vplasna.

5.6 Measurement of non~-polar conjugate in nlasna

Plasma (1 or 2 ml) was added to stoppered glass tubes containing 10,000 crm
‘in 50‘y1 of chloroform of the tritiated non-polar conjugates of IHA and.
pregnenolone prepared by incubation of the steroid with plasma followed by
extraction, TLC and elution as described above. The residue after évaporation
was reconstituted in chloroform and in this form was stable for at least &

weeks stored at 4°¢.

The tube contents were vortex mixed and allowed to equilibrate for 30 ninutes

*  prior to extraction with 2 x 10 ml of ethyl acetate. dach extraction was for

10 minutes on a mechanical shaker, followed by centrifugation at 200 g for

10 minutes. The supernatants were decanted and pooled Toxr each sample. &
third extraction with 10 ml of diethyl ether was performed and the organic

_phase was decanted after freezing the aqueous phase and combined with the

pooled aliquots;
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The extracts were blown to dryness in a water bath at %500 under nitrogen.
The residue was applied to silica gel TLC plates with 100 yl of chloroform
and 100 pl diethyl ether. The plates were developed twice to improve
sepération of the non-polar conjugates from free steroid in hexane: diethyl
ether:glacial acetic acid (80:20:1 v/v/v). This system has been reported to
separate the classes of lipids extracted from plasma, Smith and Stevens
(1969) . The relative mobilities of the non-polar conjugates and the free

steroid are shown in table 5.4.

The tritiated non-polar conjugate added for recovery estimation enabled the
exact location of the conjugates on the TLC plate and these areas were

excised and eluted with 10 ml of diethyl ether for 16 hours.

After decanting, the ether was blovm to dryness under nitrogen aad the non-
polar conjugate saponified using the method of Snith and Stevens (1969).
To the residue left after evaporation of the ether extract 200 pl of distilled
water and 1 ml of 2 ¥KOH in ethanol:;water 90:10 V/v was added, the tube
contents vortex mixed and then incubated at 60°C for 40 minutes. After
cooling the solutions 1 ml of distilled water was added to each sample, the
tube contents mixed and the liberated steroid extracted with 10 ml of
diethyl ether. The aqueous phase was frozen in an ethanol/dry ice bath
and the ether decanted, blown to dryness under nitrogen and the residue
gpplied to silica gel TLC plates with 2 x 100 p1 diethyl ether. The
plates were developed with chloroform:acetone (65:15 v/v). The area of
tritiated steroid was located and eluted with 5 nl of diethyl ether for

2-4 hours.
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Table 5.4 HMobilities of steroid and non-polar conjugates on TLS run in

hexane:ether:gl.acetic acid (80:20:1)

Compound rF

Pregnenolone 0.03
Non=-polar pregnenolone 0.35
DHA 0.03
Non~-polar DHA 0.25
Androstenediol 0.01
Non-polar androstenediol 0.14
Qestradiol. 0.03
Non~polar oestradiol 0.18
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After elution the ether was decanted and evaporated to dryness under
nitrogen. The residue containing the liberated steroid was then
reconstituted in ethanol, 1 ml for pregnenolone, 600 pl for DHA and

500 pl for E, and androstenediol, Aliquots of 100 pl were taken for

2
recovery estimation, evaporated to dryness and 1.7 ml scintillator added
prior to counting. Recoveries of labelled DHA, pregnenolone and
éndrostenediol non-polar conjugates taken through the above procedures
were 60.5%, 61.5% and 46.1% respectively. The 34-DHA and
3H-pregnenolone extracted after this procedure had an identical af
valud to authentic -H-steroid run on the same plate.

Duplicate aliquots of 200 pl were taken for each steroid estimation and
assayed by RTA. DHA and pregnenolone by the methods described in
section 2, entering the assay protocol at the evaporation of sample

and addﬁtion of\antibody nixture stage. The androstenediol and
oestradiol assays were as described by Bonney et al, (1983) and
Braunsberg et al, (1981). Nithysamples containing recovery counts

the assay standard curve was corrected by the addition of an

equivalent amount of labelled steroid as that found for the mean

recovery count.

For each steroid, specificity is conferred by the use of two TLC
‘purification stages prior to assay and the use of specific antisera

for each RIA.
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5.7 Concentration of non-polar conjugates in plasma

The plasma concentrations of the non-polar conjugates of pregnenolone, DHA
and androstenediol for normal subjects and patients with a range of endocrine
disorders are shown in table 5.5. The comparison and significance levels
between the groups of patients are also shown. The values for the conjugates
6f androstenediol in normal premenopausal subjects were less than the lowest
standard~as only 1 ml of plasma was assayed.

Plasma levels of the non-polar conjugates of oestradiol were not significantly

-~

different to the water blank values (10 pg/ml) for all samples. In one nale
subject blood samples were taken at 12.00 and 16.00 hours. ion-polar
conjugates of pregnenolone and DHA measured in these samples denonstrated

a possible diurnal rhythm. DPlasnma levels of pregnenolone and DA conjugate
were 168 .ng% and 86 ngls at 12.00 hours, and 214 ngs and 40 ngs at 16.00 hours

respectively.

The plasma levels of the non-polar conjugates reported for the postmencpausal
and breast cancer subjects were obtained on nlasne pools nrepered Lron

LY

samples talen at 08.30, 11.00, 16.00 and 22.00 hours, thus ninimising the
effects of a diurnal rhythm. The remainder of the samples were taken singly

at random tines.

Plasna levels of the pregnenolone and DHA non-polar conjugates are significantly
lower in postmenopausal compared to premenopausal women (0.01¢p<C.02), thile

nlasma pregnenolone and probably androstenediol conjugate levels are lower in

premenopausal women than in men (0.02¢p<0.05).
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Table‘i.é
Subjects n NP-pregnenolone NP-DHA NpP-Adiol
ng ng ngs
lale (23-U5 yrs) 9 210%50.8 47.1229.2  [10.8%2.9
Females 4
Premenopausal (20-30 yrs) 5 139.4%47.3 w2155 ke
Postmenopausal (53-79 yrs) 5 69.81-25.5 29.5i13-8 4-5r0-8
Pregnant (12 weeks) 1 >1220.0 57.0 -
Premenopausal (Acne) 5 243.8::-_92.0 #x 81.8i38.0** 6.251.2
Hirsutism (Idiopathic) 3 150.3%16.5 157551708 |7 782 5
(p0) 2 120/132 60/75 3.2/lh.5
Eugynon 30 1 74.0 10.0 -
Pd stme n‘0pa,usa,1
Breast cancer 3 118.3%33.0%* | 139.7715.9 5.050.6
#% = 0.05¢p<0.1, **¥F = p<0.001

Plasma levels for the non~polar conjugates of pregnenolone, DHd4 and

androstenediol in normal and abnormal subjectls.

Patients with acne or idiopathic hirsuitsm were compared to normal age

matched premenopausal women,

The breast cancer subjects were compared

to the normal 7postmen0pausa1 subjects.
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5.8 (Comparative uptake of free steroid and non-polar conjugate by
washed RBC ‘

To investigate the ability of the non-polar conjugates to cross the lipid
cell membrane compared to free steroid, washed red blood cells were used
as an in vitro model. Fresh lithium heparin blood was taken and the xBC
spun down and collected. The cells were washed twice with an equal volume
of saline. The washed cells were resuspended in saline to give the
original volume of whole blood and 1 ml aliquots dispensed in duplicate

3H~DHA, 3H—pregnenolone and

into stoppered glass tubes containing
3H-non—polar conjugate of pregnenolone (30,000 dpm of each). No incubation
was performed with the non-polar conjugate of DHA due to the lack of

3H—-compound.

The samples were incubated with continuous nixing at 3?01 Tor 15 ninutes
in a water bath., After incubation the samples were centrifugec at 10003
for 3 minutes and the supernatant decanted. The cells were then washed
twice with 1 ml of sterile saline and then lysed by the addition of 500 ul
of distilled water. Hach sample and wash was extracted with 5 ml of
diethyl ether and the organic phase decanted into plastic 5 nl counting

the

1N

vials prior to evaporating the ether to dryness under nitrogen an

addition of 3 ml of scintillant to the residue for radicactive estimation.

“The results are shown in table 5.6.
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Table 5.6
% of total radioactivity in fraction
DHA Pregnenolone non-polar pregnenolone conjugate

Incubation

supernatant 21.2 3.2 20.2
1st wash 2.1 2.5 11.9
2nd wash 1.3 3.4 7.6
Lysed cells . 64.3 73.9 31.2

Uptake of 3H—steroid by washed red blood cells after incubation at 3703

" for 15 minutes.
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As can be seen less conjugated pregnenolone than free pregnenolone is taken
up by the 3BC. There is however a higher recovery of non~polar conjugate of
_pregnenolone in the two washes. Jhether this represents the passage of
non-polar conjugate through the 1BC membrane or the detaching of loosely

. associated conjugate from the cell membrane is unknown, It is also noticeable
that there is less uptake of 3H--DHA than 3H-pregnenolone by the 3BC during

the course of the incubation.

5.9 Discussion

The ability of the red blood cell to metabolise steroid has been known since
1948 when Werthessen et al, demonstrated the metabolism of oestrone by human
red blood cells to compounds with different biological activity. Since

this report the red blood cell has been shown to contain 16‘*—and.p, 17
and B and 200 and B-hydroxy steroid dehydrogenase activity (Van der holen
and Groén, 1968). The enzyme activity and the percentage conversion of the
steroids tested is in agreement with other reports. There have been no
reports on the presence of aromatase or 3-p-hydroxy steroid isomerase
dehydrogenase activity in the red blood cell, and this has been confirmeld by
our results. |

The physiological importance of the enzyme systens within the red blood cells
has received very little attention. Datt et al, (1970) and .iylling (1965)
“have both reported an increased reduction of androstenedione to testostercne
by the red blood cells of hirsute women. This attention would only be of
importance if significant quantities of androstenedione were to be found

in the red blood cell or there was a rapid transfer of steroid across the

red cell menbrane.
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Despite the first oBservéﬁion by Kemp and Bjorgaard in 1932 that the

oestrogenic activity in the blood of pregnant women was equally distributed
between plasma and the red blood cell, very few reports have appeared on the
mass of steroid within the red cell. This point is also of importance for

the interpretation of blood levels of hormone measured in plasna.

Our work shows there is an appreciable amount of steroid, especially pregnenolone,
present within the red blood cell. Whether the red blood cell store of

hormone acts as a further easily accessible store of sterold precursor

Tor periods of high usage, or whether the hormone has a specific role within

the red blood cell, is unknown.

Assuming a blood volume of 5.25 litres and a haematocrit of 45, approximately
2.36 litres of red blood cells are available to metabolise steroid. dJith a
nean m;gs of 12 ng/l.5 ml of red blood cells the total DHA mass 1in the cells
is 6.3‘yg. We have shown that 2.9% of DHA can be converted to

androstensdiol in 2 hours. Using these Figures, 2.2 pg of androstenediol can
be formed by this route in 24 hours. This is however only a small percentege
of the quoted production rate of androstenediol, 680 yg/24 hours (Bird

et _al, 1982). Unfortunately no data are available on the red blood cell

concentration of androstenedione, so no comment can he nale as to vhether

the red blood cell may be an important site of testosterone nrocuction.
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The suggestion has been made that the red blood cell steroid level may be of

use in estinmating the unbound plasma steroid level (Hiramatsu, 1983) with the

10}

denonstration of a good correlation between the plasma free and the red blood

evel of cortisol. No measuremnent of unbound plasma steroid was

|_.l
|-

cel

[]

performed in this study, =0 no comment can be made on the possibility that
the neasurement of red cell steroid levels would be a valid technique for the

estimation of unbound nlasma androgens.

There have been no nrevious reports on the presence of the non-polar conjugates
of mregnenolone, DHA or ancrostenediol in human plasma. The ratio of the
plasna level of the non-nolar conjusates in normal subjects are 2, 0.1 and
0.05-0.1 of the »nlasna nregnenolone, SHA and androstenediol levels
respectively. ‘The ratio for non-polar DHA conjuzate to DHA is increased
to 0.33 iIn idlopathic hirsute patients but is only 0.1l for patients with
nolycystic ovary syndrome., The subject taking the orxal contraceptive
wugynon 30 has a decreased ratio (0.02). The plasma DHA conjugate level
for the pure hirsute subjects was significantly raised compared to the
control group (0.01¢p40.02). The greatest alteration in ratio of the
conjugate to non-conjugate, » 6, is shown by the pregnant subject for
pregnenolone conjugate to pregnenolone, but this 1s only based on one

value, further work is needed to verify this finding.

In contrast to the report by Janoko and Hochberg, 1983, we were unable
to detect any non~polar conjugates of oestradiol in human plasma. As
the plasma levels of the conjugate reported by Janoko should have been

neasurable using our method, it is surprising that we did not detect any.
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Possible reasons for this may be that due to the lack of a tritiated conjugate
tracei, the area of the TLC plate containing the conjugate may have been
missed, alternatively the saponification procedure used may have affected

the immunoreactivity of the oestradiol.

The degree of specificity demonstrated by the plasma for the production of
the non-polar conjugates suggests the presence of a specific, or group ol
specific enzymes in plasma. The enzyme(s) appear to be specific for the
3-p-hydroxy 5-ene ring structure. It is not known ir the 21-hydroxy group
£ the corticoéterpids is reactive to this enzyme. .hether the alterations
in the ratio of plésma conjugate to steroid level for specific steroids
represents the actions of different ensymes or one engyme with a different
Kn value for each stercid is not knoim.
One poséible candidate for the enzyme is lecithin cholesterol acyl
transferase. This encyme is responsible for the esterification of the
3-B-hydroxy position of cholesterol with fatty aclds transferred from
lecithin, The enzyme has been shown to be both present and active in

human plasna.

The possibility that plasma is the only production site for these conjugates
in the human is unlikely. Fron the work of Hochberg et al, @9?7} and
Jlbert et al, (L980) on bovine adrenal and corpera lutea, it is

probable that these organs could also produce non-polar conjugates in the

hunan. ihether these organs would denonstrate a similar degrese o

specificity for steroid conjuzation to that seen in plasna is not xnowm.

A
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From the work of Albert et al, (1980) and Mellon-Nussbaun et al, (1980)
it is anticipated that the non-polar conjugate is formed between the
steroid and a fatty acid, although the work of Oertal and Benes (1974)
suggests the possibility of conjugation to a diglyceride. The
observation that each non-polar conjugate migrates as a single spot in

a system designed to éeparate the 1ipid subgroups on TLC suggests
conjugation to a single type of 1lipid. During the investigation of
solvents for conjugate extraction, a gradient of extractions from
iso~octane through diethyl ether to ethyl acetate and ethyl
acetate:n-propanol (3:1 v/v) was used on the same plasma. Using
iso~octane only a small proportion of the conjugate was extracted, the
majority coming out with the latter two solvents. The efficiency of the
different solvent extractions may indicate a range of different conjugated

fatty acids or very tight binding of the conjugate by plasma proteins.

Giorgi (1980) has demonstrated that the permeability of the cell membrane
to steroid is inversely proportional to the polarity of the steroid, and
that for the majority of steroids passage through the cell membrane
occurs by passive diffusion. Due to the very non-polar nature of these
conjugates the possibility is raised that they will have a greater
solubility in the cell membrane than free steroid. However, the initial
results from the incubation of the red blood cells with the non-polar
cdonjugate of pregnenolone would suggest that, certainly for the red
blocd cells, the non-polar conjugate is less well taken up by the red
cell than is the free Steroid; Whether this is true of other tissues

and for the non-polar conjugate of DHA and androstenediol is not known.
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In view of the elevated plasﬁa levels of the pregnenolone and DHA
conjugates in hirsute and acne subjects, and the possibly grecater
solubility in membranes, an increased uptake of these steroids by the skin
could be postulated. Hellon-Nussbaum et al, @980) has demonstrated that
the lipoidal conjugates of pregnenolone can be metabolised by incubation
with a mitochondrial-microsomal fraction from adrenal cortisol tissue to
lipoidal derivatives of 17-hydroxy pregnenolone and DHA, hether the
further metabolisn of the lipoidal DHA to testosterone or oestrogen
conjugates is possible is not knowm.

Thomas and Oake (1975) have shown that human skin is capable of
netabolising DHA to testosterone and DHT and that the degree of DHA
utilisation and conversion to the active androgens is greater in the
skin oﬁ hirsute women than normal controls. This suggests the
possibility that an increased uptake of the non-nolar conjugates of
DHA or pregnenoclone, followed by direct metabolism or cleavage to the
parent steroid followed by metabolisn to the active androgens may have

a role in the aetiology of hirsutisn.

It is interesting to sneculate that the fornation of the non-nolel
conjugates and their increased tissue untake and metabolism may be a
link between the increased risk of cancer and other illnesses associatel

to obesity and dietary lipid.
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In conclusion welhave demonstrated the existence and plasma levels of a
new group of non-polar conjugates formed from pregnenolone, DHA and
androstenediol by human plasma. 4an alteration in the plasma levels

of the non~polar conjugates when compared to age matched controls has
been demonstrated in patients with hirsutism, acne, breast cancer and

a subject taking the combined oral contraceptive pill. The physiological

and pathological significance of these findings remain to be explored.
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6. CONCLUSIONS

To develop a sensitive and specific immunoassay a good antiserum is

of prime importance. Antibody specificity is essential for the
measurement of a steroid in a direct assay system due to the number

of structurally similar steroids that exist in plasma. In recent years
the advent of the monoclonal antibody has enabled the development of
highly specific antisera to free steroids and the glucuronide
conjugates of oestrone and pregnanediol., INo monoclonal antibody to
sulphate conjugated steroid has yet been described to my knouvledge.

The monoclonal antisera allow the aevelopment of highly snecific
direct immunoassays with the attendant advantages of sneed and
simplicity. The cost of developing a good monoclonzl antibody clone
is high therefore only commercially viable compounds have nai clones

.

developed.

5

Good assays can be developed using a polyclonal antibody as described
in this thesis by the development of a simmle, quick and reliable zla
for DHA., The use of the DHA-7-CHT derivative im preference to tne
DHA~3-CMO or DHA-17-CMO derivatives in the prenaration of the imnunogen
conjugate results is an antiserum with a high specificity fox iia,
Unfortunately the antisera used did not possess sufficient specificity

to allow the development of a direct or simnle eztraction assay for

either DHAS or pregnenclone.
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Using the assays described in this thesis the plasma levgls of DHA,

DHAS and pregnenolone were measured in normal subjects and patients with
endocrine abnormalities, Wide variations in plasma steroid levels were
seen between normal subjects and within the same subject depending on
the thonological timing of blood saﬁpling. The existence of a diurnal
rhy%hm with episodic secretion of the unconjugated steroids has been
known for many years (James et_al., 1978), but few authors have noted
that piasma levels of the conjugated steroid DHAS also exhibit a

distinct diurnal rhythn.

y

or th

®

An appreciation of the existence of a diurnal rhythm is needed
correct interpretation of a comparison of vlasra steroid levels betieen
two populations of subjects. To minimise the error caused by the
episodic secretion on the estimation of a mean 24 hour plasna level
regular blood sampling would be ideal but is inconvenient to both subject
and experimenter, Estimation of steroid levels in blood samples

taken at 0400, 1030, 1530 and 2200 (all T 30 mins., have been shown

in this thesis to give a good estimation of the mean 24 hour =lasna

levels of ‘-DHA, DHAS and pregnenolone.

The DHAS diurnal rhythm does not follow the secretory episcdes of DHA
or preénenolone both of which are synchronous with cortisol secretory
.episodes. A possible inference of this is that the secretion of DH.
and pregnenolone is regulated by ACTH while DHAS is not. The guesticn
of the existence of a specific adrenal androgen stimulating hormone

acting either together with ACTH or separately is unanswered.
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The evidence presented suggests that the secretion of the adrenal
androgené is divergent from cortisol in some subjects but whether this
is caused by a single agent or a number of interacting mechanisms is
unclear. The conclusion can be made that prolactin is not the
puta£ive AASH but that prolactin does increase the plasma DHAS levels
possibly by ovarian stimulation to produce DHA and then conversion of

the DHA to DHAS.

Many workers have concluded that DHAS is solely produced by the adrenal
and as such is a good indicator of adrenal function (north~-Schutz, 1976).
Some of the data presented in this thesis suggests that the plasma DHAS
levels reflect the production of DHA, the majority of which 1s produced
from the adrenal but vhich is also produced by the gonad and possibly
by peripheral conversion.r Overproduction of DHA at sites other than
the adrenal may thus affect the plasma DJEAS levels due to the long
half life exhibited by this steroid without affecting the plasma Jda
levels. This would agree with the suggestion that the sulphokinase
enzyme acts to maintain the plasma DHA level within certain limits

(Adams and McDonald, 1983).

Overproduction of the adrenal androgens has been implicated in some
hormonally devendent conditions, e.z. hirsutism, acne and breast cancer.
In:this study no significant difference was found between the plasma
levels éf DHA and DHAS in patignts with breast cancer compared to

matched controls., There is however very little evidence avallable as

to the relationship between the nlasma levels of a steroid and the
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level found within the tissue. The cellular concentration of a steroid
in diseased tissue may be altered in relationship to the plasma level
- compared to normal tissue due dither to increased uptake or altered

intracellular steroid metabolism,

The tumour tissue levels of DHA ﬁére higher when compared to normal
breast tissue, however it is not proven whether this reflects an
increased passage of steroid across the cell membrane or altered
intracellular metabolism, Iecently Van Landeghen et al, (1981) have
demonstrated in vivo the ability of breast tumours to metabolise or
synthesise de novo a number of androgens and oestrogens by measuring
the steroid content of the afferent and efferent blood supply to the
breast. In a subsequent npaper Ioortman et al, (19€3) demonstrated
that the tissue/plasma steroid concentration ratio differed with

the tissue type and a different subcellular distribution batveen the
nuclear and cytosol fractions depending on the tyme ol oestrogen

mneasured.

This evidence suggests that the tissue may be able to alter its
steroidal microenvironment independently of plasma levels of steroid.
Whether this is by de novo synthesis or more likely by conversion of
‘precursbr steroids taken up from the blood is not known. The urtake
of steroid by the tissue depends on a number of factors, the degree of
tissue VaSEularisation, the speed of bloodflow, canillary volume and

length and the ability of the steroid to cross the membrane.
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In 1964 as a result of their studies on steroid dynamics Tait and
Burstein proposed thatAonly the "free" steroid in the circulation was
available for tissue uptake. The "free" steroid included steroid
loosely bound to albumin as Tait and Burstein noted that a greater
?r0portion of cortisol was extracted from the circulaticn by the liver
than could be donated by the unbound cortisol alone., The model
proposes that during passage through the target tissue the free
steroild is rapidly cleared by the tissue to be replaced by steroid
dissociating slowly from specific binding proteins during nassage in

the general circulation.

A slightly different model was proposed by iobbins and Rall (1979) in
7 their work with the thyroid hormones, This model proposed the ranid

dissociation of bound hormone from the specific binding protein to

maintain a constant "free" plasma hormone level during transi

within the target tiséue. This model implies that the rate of

hormone delivery to the tissue is indevendent of blcod flow rate and

mnot on the delivexry of fresh "[ree" hormone rich blood to the tissue

as assumned by Tait and Burstein.

The protein bound fraction would therefore contribute to the unteke
of steroid if the dissociation times are less than the tissue

< transport time. Dissociation times (t/2) vary greatly, albuain
bound s%éroid<dis5001a£ééyi;‘iééb‘iﬁan’l sec.~while 32, testosterone
and DHT take 5 sec., 22 seé., and 100 secs. to dissociate from

high affinity SHBG (Heynes and Demoor, 1971; Pardrige, 1981).



154

As transit time through skeletal muscle and brain ls 1 sec., and through
the liver takes 10 sec. (Gorsky and 3ose, 1977; Pardrige, 1981) it can
be seen that the SHBG bound fraction will contribute less than the
albumin bound fraction. As DHA, DHAS and pregnenolone are mainly
albumin bound it may be expected that the protein bound fraction will
contribute to tissue uptake.

) -

Steroid vptake by the cell membrane is generally believed to occur by

|_Io

rfusion at a rate inversely proportional to the polarity

ey B

passive dif
of the steroid (Giorgi, 1980). There is hoiever the suggestion that
the protein-steroid complex itself can cross the membranc, This has
been suggested by the demonstration of SHBG in 22 7 cells and 3G in
human liver nuclel (Bordin and retra, 1980; Jerthamer ct al, 1973;

Maral, 1974).

Most work on steroid transport across the cell menbrane has bzen
performed using unconjugated sterolds. .hen tested, sulnhate conjusated
steroids were found, as expected, to cross membranes sloirer than the
unconjugated steroid due to the higher polarity exhibited by these
compounds, It is intevesting to snheculate that ths plasna non-wolaxr
conjugates reported in this thesis may be moxrs aembrane ermscable thar
the unconjugated steroids due to the non-zolar characteristics chym
by these compounds. The non-polar conjugates are cajable of being

metabolised without loss of the acyl side chain tc other sterold

derivatives and may thus form another source of intracellular steroid.
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The question of the importance of intracellular metabollism has recently
received nore attention with the demonstration that a nunber of ticssues

are capable of metabolising steroids in vitro and in vivo. The

production of altered steroid micro-environments within the tissue

would explain why often no relationship is found between plasma steroid

levels and disease.

lecently Lieberman et al, (1984) postulated the existence of discrete

steroid producing units within the cell which have been named "Hormonads",

. 1 b Bal

each of which produces a certain steroid product without the release of
stable intermediates during the biosynthetic chein. I one acceptc
this hypothesis then the sulphate »pathiay Ifrom Jaid vie androstensllicaes
3-enol sulphate thzough to the cestrogens may still be a nossibls
bioéynthetic pathuay, despite the inability to denonstrate tne nrcsence
of androstenedione 3-enol sulrvhate in nlasma. The androstenelione

3-enol sulphate existing as a transient enzyme bound reactlive specles

(Hochvergz et al, 1975

has been

D.;
y

No specific role for any of the delta five steroids
demonstrated other than the abllity to be transiormed to the nore
biologically active delta four steroids and the nolar and non-ouolar
.conjugates, Iecently a paper by Baulieu and (obel (1954) renorted
the concentration of total (i.e. free and conjugated, DR. anl
pregnenolone in rat brain to ¢ilffer accorxding tc the pert of bralin

ks

neasured. Beaulieu and _obel zlso reported the ;resence oI noa~-polar
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“conjugates in brain tissue but no quantitative date was given. lhether

the presence of the delta five steroids in brain tissue has any bearing

o

t 21, (1981) that schizophrenic patlents

/

on the observation by Erb

can be separated from nornal controls by an altercd IJHA dilurnal watter

with 100;5 success-is open to speculation. .

The conclusion to this thesis is that the tissue levels and intracellular

netabolism of steroids is »robably of more pathological significance

-than the total plasma concentration of steroid. Iiore worx is needed

to decide whether the nlasma frce and/or bound steroid levels

significantly affect tissue levels of biologically active steroid and

.o I

to elucidate the controlling mechanisms and blosynthetic carability

exists within the cellular micro-snvironnent. The role ¢f the non-nolol

P

steroid conjugates within this frameiro clso deserves move study.
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