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ABSTRACT 

A gas liquid chromatograph (GLC) , adapted to accept a " Support Coated 

Open Tubular" (SCOT) capi llary column , was used for profiling of the 

neutral s teroid hormone metabolites from human urine specimens . 

Following hydrolysis with 8- glucuroni dase to release the steroid 

metabolites from their conjugates , they were extracted with organic 

solvents and converted into methoximc- trimethy l silyl derivatives for 

separation on the GLC column . 

I nitial work involved determining basal dat a on consecutive days and 

a lso d uring the twenty four hour period. The circadian variation in this 

experimental work, showing a biphasic pattern of steroid metabolite 

excretion , with a maxima in the morning , and a second sma l ler maxima 

in the afternoon . 

The effect of cold stress on metabolite excretion was examined , however 

the results obtained were inconclusive . 

Dexamethasone was administered , 0.5 mg pe r six hours for forty eight 

hour s , to induce suppression of ACT!! secretion . The expected pattern of 

decresed 17 hydroxycorticoid excretion , and to a lesser extent 

17 oxosteroid excretion was observed . 

Alcohol loading wa s examined , with v~rying level s of in t oxica tion . 

One subjec t maintained a blood alcohol level of approximately 50 mgl fo r 

three hours , and the urine specimens were col l ected at two hour intervals. 

The excretion rate of the steroid metabolites increased a few hours after 

ethanol loading, compared to the control . TIIE , THF and aTIIF showed the 

greatest increments , and this may possibly be due to increased hepatic 

A ring reductase activi ty resulting from increased NADH : NAD+ ratio. A 

detailed examination of excretion rates and plasma cortisol concentration 

would be required t o prove that ethanol causes this action on the A ring 

reductase activity. 

Three twenty-four hour specimens were collec t ed from a subject with 

a history of a l cohol abuse over the previous ten years . On Day 2 of the 

three day experiment , a 26 ounce bottle of Scotch was consumed, but 

other than an increase of a ll steroid metabolites on the day of alcohol 

l oadi ng , no s i gnificant observations were made . 

Three urine specimens from alcoholics admitt ed to the Palmerston North 

Detoxificati on Unit were analysed . No llOHEt could be detected in any of 

these three pati ent' s urine , however the B- glucuronidase used in this 

analysis had a low activit y resulting in incomplete hydrolysis, and basal 
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data for these patients would be required to prove that the absence of 

llOHEt was a result of alcohol intoxicatio n . 

iii 

One of the alcoholic patients showed high l eve ls of cortisol metabolites, 

probably the res ult of stress of hospitalization . 
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V 

ABBREVIATIONS 

STEROIDS 

Abbreviation Trivial Name Systematic Name 

An Androsterone 5a- androstan- 3a-ol-17-one 

Et Etiocholanolone SB- androstan-3a - ol-17-one 

DHEA Dehydroepiandrosterone 5-androsten-3a-ol-17-one 

* llKAn 11-Ketoandroterone 5a-androstan-3a-ol-llS ,1 7-dione 

* llK.Et 11-Ketoetiocholanolone SB-androstan-3 -ol-llB ,17-dione 

llOHAn 11-Hydroxyandrosterone 5a-androstan-3a,11B-diol-17-one 

llOHEt 11-Hydroxyetiocholanolone SB- androstan-3a ,11 !3- diol-17-one 

Pd Pregnanediol 5S-pregnan- 3a , 20a- diol 

Pt Pregnanetriol 5S- pregnan-3a ,17a , 20a-triol 

Atr Androstenetriol 5-androsten-3 B,16a ,17 B- triol 

THS Tetrahydro-11-deoxycortisol 5S-pregnan-3a,17a , 21-triol-20-one 

THE Tetrahydrocortisone 5S-pregnan-3a,17a,21-trio l -ll,20-dione 

THB Tetrahydrocorticosterone 5S-pregnan-3a,11 B, 21-triol-20-one 

THF Tetrahydrocortisol Sl3-pregnan-3a,11 S,17a,21-tetrol-20-one 

aTHF Allotetrahydrocortisol 5a -pregnan-3a,11 S,17a,21-tetrol-20-one 

aC'one a-cortolone 5S-pregnan-3a,17a,20a,21-tetrol-ll-one 

#SC ' ol 8- Cortol 5S-pregnan-3a,11S,17a ,208 , 21-pentol 
# 

SC ' one 8-Cortolone 5S- pregnan-3a ,17a , 20S,21-tetrol-ll-one 

aC ' ol a-Cortol 5S-pregnan-3a,11B,17a,20a,21-pentol 

* llKAn and llK.Et coelute and are collectively referred to as llKAn/Et 

#BC'ol and SC 'one coelute and are collectively referred to as BC/C 

GENERAL 

ACTH 

TSIM 

MO-TMS 

GLC 

C24 

C32 

Adrenocoticotrophic hormone 

Trimethylsilyl imidazole 

Methoxifue~trimethylsilyl 

Gas liquid chromatography 

Hydrocarbon: n-tetracosane 

Hydrocarbon: n-dotriacontane 
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CHAPTER 1 

INTRODUCTION 

A human urine sample contains many steroid metabolites which are 

the end products of a complex set of metabolic reactions involving 

more than one organ and more than one control mechanism (Polvani et 

al , 1967 ). The uri nary steroids contribute to the end products of 

processes which start with the synthesis of steroids in the adrenal 

gland , gonads and the fetoplacental unit , continues through with 

secretion of the steroids by the glands, their metabolism in various 

body tissues, a nd finally ends with the excretion of the metabolic 

products through the kidneys. 

Although some excretion occurs into bile , some in faeces and 

probably minute amounts of some steroids in sweat , the most important 

route of elimination is the urine. About 75-95% of the label of 

administered 
14

c-cortisol is found in urine (Vestergaard , 1978). 

By looking at whole body steroid metabolism "through the kidneys ", 

one is therefore likely to see changes due to alteration in kidney or 

liver function, adrenal or gonadal f unction , pituitary or hypothalamic 

function or external environment. 

Tuble li shows the normal secretion rates of steroid hormones in 

man . 

Steroid Hormone Catabolism 

Hormonally-active steroids are hydrophobic substances and the 

catabolic reactions not only inactivate , but also render the steroid 

molecule more hydrophillic. The catabolic reactions occur mainly , 

although not exclusively, in the liver. To render the steroid molecules 

even more water soluble , the majority of the catabolic products of 

secreted steroid hormones are conjugated as glucuronides and sulphates 

before being excreted in the urine . The steroids containing the 

5-ene-36 -hydroxy configuration are usually found as sulphates , while 

the majority of the other steroids are found as glucuronides (Table lii ). 

The metabolism of the neutral steroids , progesterone , androgens 

and qorticosteroids is presented in a simplified form in Fig . li . 

One of the structural features of the majority of the active 

secreted steroid hormones - wi t h the exception of the estrogens - is a 

1 



Table li 

Mean Secretion Ra tes of Steroid Ho rmones in Man 

Steroid 

Cortisol 

Corticosterone 

Doexycorticosterone 

11-Deoxycort i sol 

Aldosterone 

Pregnenolone 

17-0H Pr egneno lone- S 

Progesterone 

Testosterone 

Epi-tes tosterone 

:a-Dihydr otes t os t e rone 

4-Androstencdi one 

DHEA 

Dl!El\.-S 

Estrone 

Estr one-S 

Es tra diol-17 S 

FP = follicular phase 

LP= luteal p hase 

S = sulphate 

Reproduced from Makin (1975) 

Secretion Ra te 

(mg/day) 

Men Wome n 

20 . 00 17 . 00 

2 . 30 

0.24 0 . 50 

0.34 

0 . 19 0.14 

9 . 00 

5 . 00 

0.60 2.90 

6 . 90 0 . 35 

0 .2 2 

0 . 32 0.075 

1. 80 3.40 

3 .00 0 .70 

5.90 7.70 

0 . 11 0 . 11 

0 . 77 0 . 095 

0 . 18 3 

0 . 06 0 .116 

0 . 205 

2 

(FP ) 

(FP ) 

(LP) 

(FP ) 

(LP) 



Table lii 

Principal Urj_nary Metabolites and Conjugates of Some Steroids 

,',·r,·roi,1 
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4-ene- 3- oxo configuration in the A ring. Reduction of the A ring and 

the 3-oxo group , finally resulting in the production of tetrahydro­

reduced inactivated compounds with a 3-hydroxyl , takes place in two 

stages . Complete reduction of the 4-ene-3-oxo in this way could produce 

four isomeric metabolites , the :h-OH steroids predominate in man. 

Further reduction of the 2O- oxo group in the side chain of the cortico~ 

steroids occurs. 17-Hydroxylated C-21 steroids can be converted by 

oxidative side chain cleavage into C-19 17- oxosteroids. 

Steroids reduced at C- 3 and C- 2O , as well as in ring A, form the bulk 

of the metabolites of corticosteroids , but in addi tion to the major 

catabolic routes, other more minor reactions may occur . Oxido-reduction 

of the 11- oxo f unction, further hydroxylation at C-66 or at C-16a, and 

reduct i on at C-20 without reduction in ring A or at C-3 may occur . 

Methods for Measurement of Urinary Steroids 

Al though the initial sepa r a tion and concentration of steroids is 

a ided by the fact that the unconjugated compounds are extractable with 

organic solvents , quantitation of individual metabolites by classical 

methods has involved many stages of separation using partition , adsorption , 

thin-layer and paper chromatographyand chemical fractionation . Clean 

separations are necessary due to the low specificity of lhe colourimetric 

and fluor ime t ric methods available for the final measurement. 

When attention is focused on only one or lwo steroids , the technique 

of radioimmunoassay has the advantages of simplicity , sensitivity and a 

specif icity which often avoids the need for sample purification . On the 

other hand its applicability is limited by the avai l ability of specific 

antisera and radiolabels for each steroid to be measured . 

For profiling of steroid samples the above methods are inapplicable 

either because they are too specific (eg. radioimmunoassay) or they lack 

specificity (eg . colourimetric t es ts). When a large number of urinary 

s t eroids are to be assayed simultaneously , GLC methods provide virtually 

the only qualitative and quantitative approach . 

Steroid Profiling by GLC 

Prior to the use of Support Coated Open Tubular (SCOT ) capillary 

columns , conventional packed columns were used to separate mixtures of 

biologic steroids. A great deal of this work was performed by 
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E. c. Horning and co-workers . Urinary Steroids (Horning and Horning, 

1970) d ocuments methods pri o r to t he introduction of capillary columns. 

In 1960 VandenHeuvel , Swee l ey and Horning prepared thin film co l umns 

(l-3 % of phase), with a thermally stabl e liquid phase (SE - 30 , a methyl 

s iloxane po l yme r) that could b e used for the separation of a number of 

steroids . The development of the hydrogen flame ion i sati on detection 

system around 1958, with a high degree of sensitivity greatly a i ded 

the development of the current systems u sed for s t eroid profil ing by 

GLC. 

Metal capillary columns have long been used , particularly in the 

petrol e um industry , but were found to destroy many biologic samples 

includjng many steroids , necessitating the us e of a l l-glass apparatus . 

Grob o vercame the initia l problems of the liqu id phases forming 

microdroplets when heating and cooling , by etching and modifying 

t he glass surface . The use of these columns for steroi d work is 

evaluated by Vollmin and Curt ius (1971) and Ros and Sommers;ille (1971) 

The deposition of an adherent f ilm of particulates to form a " rough 

wall '' (~hereby i ncreasing the amount of liquid phase ) fonns the basis 

of the SCOT colwnn (Germa11 et al , 1973). 

A principal advancement in SCOT capillary columns was discovered 

by German and Horni!'lg (1973), l:Jy the deve l opment of a procedure for 

deposi ting a film of SE-30 (or other phase ) on silanized glass . The 

film contained fine particles of silanized silici c acid (Sila nox), 

s uspended in the phase. The surface of the glass was therefore 

modif ied (not etched) by silanization in order to decrease the 

absorption of o r ganic compounds on the glass s ur fctce. A modif ied 

injection splitter system was deve l oped for this system, which had a 

short precolumn in the injector . This insured gas p h ase spl itting 

rather than aeroso l spli t ti ng , as well as t rappi ng non-volatile 

subs t ances which are often p r esent in derivatised biochemical samples 

(Ge rman and Horning, 1972 ; German e t a l, 1973). 

One of the SCOT c olumn advantages lay in its ability to accept and 

resolve large samples o f complex mixtures containing compounds present 

in widely varying amounts. Columns r anging from 30 to 60 meters in 

length a nd with internal diamete rs of 0 .3 mm show a resolving power of 

50-150,000 theoretical p lates (Pfaffenberger and Horning, 19 77). 

With the c ommercial production of SCOT capillary columns, the 

investigations of u r inary s teroid p rof i les accelerated . Although t h e 

methods f or the preparation of the samples for GLC did not change 
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radically, many minor changes have now resulted in a "cleaner" 

chromatogram with improved r esolution (Luyten and Rutten, 1974; 

Pfaffenberger and Horning, 1975; Schomburg et al, 1976; Shackleton 

and Honour, 1976 ; Fantl and Gray , 1977; Pfaffenberger and Horning, 

1977; Phillipou et al , 1978) . 

The development of gas chromatography-mass spectrometry (GC-MS) and 

gas chromatography-mass spectrometry-computer (GC-MS-CO) coupling h as 

greatly enhanced the study of biologic steroid samples (Axelson and 

Sjovall ,1974; Sjovall , 1975; Setchell et al ,1976; Stillwell et al , 1973). 

Factors Affecting Steroid Excretion Rates and Patterns 

Various physiological f actors, endogenous or exogenous s ubsta nces 

may interfere with either synthesis , sec retion or metabolism of the 

steroids and may quantitatively or qualitatively change the patterns 

of excretion of the hormone metabolites . Many factors affecting the 

excretion of steroid hormones in urine are summarized by Vestergaard 

(1978), encompassing body characteristics , drugs , stress , debilitating 

diseases and disorders. 

Urinary total 17-oxosteroid excretion has been shown to increase in 

both sexes from infancy to a maximum in the twenties, with a slow 

decrease thereafter (Kaiser et al , 1964). Different absolute values 

have been observed between males and females, but it has become clear 

that most of the difference is due to man being bigger and heavier, as 

well as having more of an active cell mass than woman. Lindholm (1973) 

found the excretion of 17-oxosteroids and the secretion rate of cortisol 

to be practically identical expressed per kilogram for men and women. 

Work by Pfaffenberger and Horning (1977 ) indicates two different types 

of steroid metabolism in premenopausal females , one group displaying 

profiles closely resembling those of males. 

The main change s in neutral steroid excretion during pregnancy is 

the appearance of l arge amounts of progesterone metabolites. The 

diversity of these metabolites did not become apparent until GC-MS 

methodology allowed their identification (Eriksson and Gustafsson, 

1977) . 

Two clinical application~ of GLC profiling of urinary steroids 

are the detection of ovulation by changes in progesterone metabolites 

and the detection of "missing enzymes". 

The variation that occurs in healthy subjects under living 
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conditions is obviously· of great practical importance because it enters 

into the evaluation of the significance of changes induced by any 

treatment or pathological change . The variability encountered in 

experimental collection of excretion data for steroids in urine can 

be divided into three catagories: that due to methodological 

variability; that due t o periodicity or rhythmic change; and a 

leftover "random" variability . The main periodicity that has been 

revealed by studi es of steroid excretion in man is the 24 hour 

periodicity and approximate monthly periodicity , particularly as it 

relates to the me11strual cycle . Seasonal , semi-annual and annual 

periodicity have also been recorded . 

Diurnal Variation of Steroid Excretion 

In 1943 , 24 hour periodicity in the excre tion of urinary total 

17-ketosteroids was described, closely followed by reports of 

periodicity in the excretion of reduced corticosteroids (Pincus et al, 

1948). Vestergaard and Leverett (1957) observed a double wave excretion 

pattern for total 17-oxosteroi ds when two hour sampling was utilised . 

Toccofondi e t al (197 0 ) found a circadian rhythm for DHEA , An and Et 

with peak excre tion between 6 am and 2 pm. Cavalleri et al (1974) 

reported peaks for these same compounds between 8 am and 1 am and a 

clear circadian rhythm. Molino et al (1973 ) comparing two hour samples 

taken at midnight with s imilar samples t a ken between 8 a m and 10 am 

found significant differences between the samples for most 17-oxosteroids 

(An , Et , llKAn, llOHAn), but not for llKE t a nd llOHEt. Both TIIF and 

THE were significantly higher in the morning, but TIIS and P t wer e not. 

A circadian rhythm has been shown to exist for free cortisol in 

urine, with a peak at 7-8 am and a second smaller maximum in the 

afternoon. Beale and Tyrrell (1974) fo und a marked variability in the 

excretion of cortisol metabolites (TIIE, THF, aTHF, cortols and 

cortolones) when one hour and three hour collection periods were used 

and marked differences in percentage distribution between metabolites 

at different times of the 24 hour period . A distinct diurnal rhythmicity 

was found in these studies also, with highest values for all metabolites 

in the early morning hours and a nadir in the middle o f the night. 

Many pathological states can disturb the normal periodicity or 

introduce periodicity not normally present , such as Cushing's Syndrome , 

blindness and depressive states (Vestergaard, 1978). 
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Effect of Nutritio nal Status 

Nutritiona l factors not on l y directly e xert important inf luences 

on the excretion of neutral steroi ds per se , but also indirectly 

through the effect disease may have on the nutri tiona l status of a 

s ubject . Obesity appears to affect values of corticosteroids e xcreted 

in some subjects , die ting and s tarvation can r educe some of the 

17-oxosteroids a nd, if pronounced , the excreti on of al l neutra l 

steroids . Unless c arried to exhaustion, exerc i se has little effect on 

the excretio n o f neutral steroids. 

Ef f ect o f Stress 

Stress of different kinds can very significantly affec t ster oid 

secretion, seen particularly in the increases of urinary steroid 

exc r etion of patients admitted to hospita l. Psychologica l str ess , 

includ ing anxiety and the confrontation with difficu l t and novel life 

situatio n s have b een shown to activate the adrenocortica l system and 

bring a bout increases in the excretion of neutral steroids i n urine 

(Vestergaard, 1978). 

Ea rly studies using " cold" s t ress , by e xposing the subj ects to cold 

wa t e r (Kuhl et a l, 1952) showed a marked increase in the excretion of 

tota l 17-oxosteroids. Later work as reviewed by Collins a nd Weiner 

(1968) has given amb i guous results as fa r as the excretion of neutr a. l 

ster oids are concerned both after cold and heat stress . Probably only 

severe conditions will activate the adren a l cortex to a marked degree . 

Effect of Pharmacological Agent s on Hepatic Steroid Metabo lism 

A number of non- hormo na l d rugs, through their action on microsomal 

enzymes in the liver, stimulate both the h ydroxyla tio n of other drugs 

and of steroids. Treatme nt o f humans with p henobarbital, antpyrine and 

phenylbutazone marke dly stimulates the metabolism o f cortisol to 

613 hydroxycortisol (Conney et al, 1973). 

A variety of hormonal drugs, both naturally occurring and synthesized, 

have an effect on steroid met~bolism and excretion . When cortisol and 

cortisone are administered, there is a suppression of 17-oxosteroid 

secretion due to negative feedback suppression of ACTH release. The 

synthetic analog dexamethasone has a similar effect, resulting in a 

decrease of 17-hydroxycorticosteroid excretion (Liddle, 1960 ). 
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Effect of Hepatic Redox Ratio 

It is well documented that the NAOH : NAO+ ratio increases in the 

liver during ethanol oxidation (Forsander et al , 1958). Cronholm et al 

(1971) assumed that this increase would influence the reductive 

metabolism of steroids . Investigations a l o ng two main lines were 

carried out ; 

(1) analysis of the steroid redox coup les in blood and urine b efore 

and after ethanol administration, and 

(2) analysis of the inco rporat ion of deuterium via reduced pyridine 

metabolites into steroids during the metabo lism of 
2

H
2
-ethanol . 

When ethanol (0.1-1 g/kg body weight) is given to humans there is a 

rapid increase of the concentration of monosulphates of 

5-androstene-3S ,17B-diol , 5a-androstan-3a ,17 S-diol and 

5a-androstan- 3S ,17 6-diol. In severa l cases a simultaneou s decrease of 

the corresponding 17-ketos t eroids i s observed. 

Only steroids with a free 176-hydroxyl group are increased by 

a l coho l inges tion, indicating direct formation from the corresponding 

ketosteroid. The increase is very rapid and the rate of change appears 

t o be limited by the rate of ethanol absorption upto a particul a r 

level . 

The findings indicate that 5-androstene-3S ,17 6-diol s ul ph a te and 
+ OHEA are in an equilibrium determined by the NAOH : NAO ratio at a 

site of interconvers ion in the liver . 

The monosulphates of pregnenolone and 5- pregnen-3S , 20a-diol may 

form another couple , however the ratio between the concentrations of 

these steroids cha nges less than the above case . 

High concentrations of sulphates of pregnanolone and pregnanediol 

isomers are found in pregnancy p lasma . For this reason ethanol has been 

given to pregnant subjects in order to study the effect on the ratio 

between 20-hydroxyl and 20-ketosteroid sulphates viz 5-pregnen-38, 

20a-diol and 3Shydroxypregnene-20-one . Although changes were small, 

the 20a-hydroxy/20-ketosteroids ratio consistently increased after 

ethanol administration (Cronholm et al ,1969). 

Effect of Ethanol on Steroid Secretion 

In a study carried out by Mendelson et al (1971), a positive 

correlation was observed between ascending blood alcohol levels and 
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increase in serum cortisol values for the two subjects studied in an 

e leven day alcohol administration experiment . When ethanol dosage was 

progressively decreased, a paral lel d ecrease occured in serum cortisol 

l eve ls . This data is in agreement with anima l s tudi es , indicating that 

ethanol administra tion is assoc iated with s timulation of adrenocortical 

secretory activity . This may be due to; 

(1) Ethanol enhancing secretion of corticotropin via activation of 

neuralpituitary circuits. Anima l studies indicate hypophysec­

tomized animals do not show an adrenocortical response after 

ethanol was administered. Humans with pituitary lesions do not 

have an increased serum cortisol level after ethanol 

administration, so it is likely ethanol stimulation of 

adrenocort ical activity in man involves the neural-pituitary 

mechanism. 

(2) The high serum cortisol levels may result from impai rment in 

the catabo lic metabolism of cortisol. Hepatic function appeared 

normal . 

Margaff et al (196 7) found cortisol secretion rate and excretion 

of total 17-hydroxycorticosteroids indicated adrenocortical function 

in alcoholic patients was not impaired, a lthough excretion of the 

cortisol metabolites was significantly decreased . The finding s suggested 

alterations in cortisol metabolism, r a ther than a disorder o f 

adrenocortical function in the alcoholic patient s . 

Effect of Alcoholic Cirrhosis on Steroid Metabolism 

The triad of a lcoholic cirrhosis t esticular atrophy and 

gynaecomastia was first observed by Silves trini in 1926 (Fabre et 

al, 1973). He suggested that cirrhosis caused an endocrine imbalance, 

increasing the levels of circulating estrogens, producing testicular 

atrophy and gynaecomastia . But the tota l estrogen excretion and 

ratios of estrogens in patients with liver cirrhosis have been 

found to be normal. 

Southren et al (1973) demonstrated a decreased plasma level 

and production rate of testosterone.:iin alcoholic cirrhotic livers . 

It was observed that conversion of testosterone to androstenedione 

was accelerated and this accounted for the decreased levels of 

testosterone in plasma. 
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Galvao-Teles (1973) from their work suggested that a fall in 

unbound androgens rather than a rise in the unbound estradiol in 

p lasma, leads to hypogonadism and gynaecomastia in man with chronic 

l iver disease, especial l y those with alcoho l ic cirrhosis. 

There is a ma rked increase in plasma level and production rate 

of androstenedione in men with cirrhosis of the liver . This steroid 

has been shown to contribute significantly to circulating estrogens 

in those patients . A seven fold increase in peripheral production 

of testosterone in cirrhosis was observed by Gordon et al ( 1975 ) . 

There is a three fold increase in the conversion of plasma testosterone 

to plasma estrone, and an increased contribution of androstenedione 

to estrogens . 

Alcoho l was administered to normal male volunteers for periods 

of up to four weeks , resulting in an initial dampen ing of episodic 

bursts of testostero n e secretion followe d by decreases in both mean 

plasma testosterone concentration , product i o n rate of t estosterone 

and a n increased me tabolic clearance rate of t estosterone in 

most subj ec ts. This was due to a combined effect of a decreased 

p l asma binding capacity and increased hepatic testos terone A ring 

reductase activity (Gordon et al , 1976) . 
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