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SUMMARY 

Urine steroid profiles of healthy individuak can be divided into two groups according 
to greatly dffferent excretion rates of dehydroepiandrosterone (DI-IEA). About 80% of 
the population show an excretion of DHRA in urine of just above the detection lit or less 
of the main androgens androsterone (A) and etiocholanolone (E). This excretion is only 
enhanced in psychoiogicaI stress situations_ The remaining 20% excrete DHEA in roughly 
equal amounts as A and E. 

WhiIe the relation of excreted steroids is rather constant, the absolute amounts may vary 
greatiy._In contrast to the behaviour of all other steroids DHRA excretion is not in relation 
to other steroids, The group of ‘high DHEA” producing individuals in particuiar shows 
drastic changea in the excretion during a day: the DHEA excretion rapidly rises from morn- 
ing until afternoon and then drops to rather low values in the resting period during the 
night--A recognizable DHRA production seems to be cioseiy related to the waking period 

INTRODUCTION 

Steroid profiles [l,Z] obtained by a gas chromatographic separation of the 
steroid fraction from. body fluids - after appropriate derivatisation to en- 
hance voIatiliQ and thermal stability - aiiow an insight into steroid metab- 
olism. In_ #&e c&use of. invest&ion of the urine steroid profiles of hirsute 
gomen We owed in many cases a &eat (IO-30-fold) increase of the amount 
of dehydro@&&?osterone (DHEA) ex&eted compared with the excretion of 
norm&l individuals E31_ A further study revealed that psychological stress situa- 
tio& sti&uJ&e DHl$A production by -one order df-maguitude or more [4] - 
In the widG&ead Ii&tie, ma&y relati td 17-ketosteroids, very different 
and_ .&met@ues contradictory reports on DHEA excr+ion are found [5--?I- 
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DHEA. Samples were taken in 4-h intervals lasting for 3 days to one month to 
obtain a detailed insight into individual changes in steroid excretion during 
these periods in order to be able to detect the reasons for the differences in 
DJiZEA excretion and to be able to recognize abnormal and possibly patholog- 
icalchangesmoreeady. 

MATERIALS AND METHODS 

Collection 0 f samples 
Urine samples were ccllected from healthy individuals 2040 years’ old. 

During the collection period lasting between 3 and 28 days the individuals 
lived on normal diet (usually “mensa” food). Coffee drinking wzs not allowed 
since this causes interference to the profiles by peaks arising from cauran acids 
occurring in coffee besns [8] _ Samples were collected every 4 h and stored 
at -18°C. Although only small (10 ml) samples were used for analysis, the 
whole daily urine production was collected in order to quantify the daily rates 
of excretion products. 

Work-up procedure 
The neutral steroids were obtained according to a somewhat modified 

procedure introduced by Horning et al_ [9] _ Samples showing high DHEA 
levels were subjected, after the enzymatic hydrolysis, to solvolysis to cleave 
the sulfates - especially those of DHEA - completely_ TJze values of DHEA 
obtained by tbis procedure are 35-40% higher compared to those obtained 
by enzymatic hydrolysis alone. 

To reduce the danger of unexpected additional peaks interfering with a 
single added standard compound, we used various standards: eicosanol, hexa- 
decanediol and epietiocholanolone [lo] _ If the stsndards were not in the 
correct relation, the composition of the sample was checked by gas chroma- 
tography-mass spectrometry (CC-MS) for by-products hidden under the 
peak of a standard compound. 

To a lo-ml aliquot of urine 20 pg of each internal standard compound (see 
above) were added. 

Pmpamtion of derivatives 
In general, two methods of derivatisation are used: either trimethylsilyl- 

methoxime (TMS-MO) derivatives [ll] are prepared or the steroids are trans- 
formed into enol-trimethylsilyl (enol-TMS) ethers 1121. We prefer the prepara- 
tion of enol-TMS ethers, since they can be prepared in one step and elute from 
the column much earlier than the corresponding MO-TMS derivatives. The 
disadvantage that the reaction is sometimes incomplete can be overcome by 
heating the samples for another couple of hours if incomplete reaction is ob- 
SfXVd. 

Both derivatisation methods afford reproducible and exact values for most 
of the steroids. Only the determination of ll-oxygenated steroids remains 
problematic. The llowgen function is rather sensitive to absorption, so that 
(depending on the column) sometimes great losses must be taken into account, 
This problem has been studied in this laboratory in detail, since changes in 
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lloxygenated steroid concentrations seem to be of diagnostic value [13]. 
The residue obtained by working up 10 ml of urine was dissolved in 2 ml of 

methanol. Two-fifths of this solution were transferred to a reaction vessel (1 
ml) with a Teflon screw cap and brought to dryness in vacuum at 40-5O”C. 
Five microhtres of pyridine (free of water), 5 ~1 of tetrahydrofuran and 20 ~1 
of N-trhnethyIsilyl-N-methyl-trifluoroacetamide (MSTFA) were added; 10 bd 
of the clear solution were txansferred to a small glass tube (ca. 1 mm I.D., 
ca. 7.5 cm long) containing a crystal of anhydrous sodium acetate. The con- 
tents of the tube were air-tight melted and heated to 70°C for 5 h. After 
cooling 0.5-1.0 p1 of the sol&on was analyzed by GC. 

Assignment of structures 
The correctne~ of skucture assignment in the gas chromatograms 

confirmed using a GC-MS-computer combination. 
WaS 

Calculation of exciztion mtes 
Since it was very difficult in practice to obtain urine samples collected in 

an exact 4-h rhythm, the excretion rates were calculated on the basis of pg/h 
for each collection time unit (about 24 h). 

Usually quantification relies on the peak area of added epietiocholanolone 
(epi-E) [lo]. The use of this internal standard requires the use of glass capillary 
columns of high quality to avoid interference with the peaks of androsterone 
(A) w.hich eh~te directly after epi-E in the chromatogram (A RI = 8-9). 

The calculation of excretion rates of the steroid metabolites is based on the 
following formula 1141: 

where m-a = excretion rate of the steroid to be calculated (in pg/h), f = GC 
response factor for the steroid to be calculated, n = mass of internal standard 
(I.S.) added (in lug), vat = volume (in ml) of urine collected during At hours, 
At = period of time (in h) during which the urine was collected. 

INSTRUMENTSANDCHEMIC~ 

Gas chromatography 
Gas chromatograms were taken on a Siemens-L 402 gas chromatograph 

equipped with a flame-ionization detector. The cohmm was a 25-m open 
tubular @ass capillary (0.3 mm I.D.) wallcoated with OV-101[15]. Hydrogen 
carrier gas pressure was 0.8 bar. Temperature program was 2”C/min from 150 
to 300°C. Detector temperature was 280°C while the injection port was kept 
at 260°C. Split ratio was 1:lO. Peak area integration was performed by an 
Autolab System 1 (Spectra-Physics) computing integrator. 

Kovats retention indices were found using a standard mixture of even car- 
bon number hydrocarbons from C-16 to C-34. 

Gas chromatography-mass spectromeby 
Mass spectra were obtained with an LKB 2091 instrument. The electron ion 
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droitinase AC (10 units/ml). The exhaustive digestion was carried out at 37’C 
for 5 h. Standard chondroitin sulfates were also digested in the same manner 
to check the enzyme activity. Four volumes of absolute ethanol were added 
after incubations and tbe mixture left overnight at 4°C. The clear supematant 
obtained by centrifugation was dried under a stream of nitrogen and the 
residue, dissolved in 90% methanol, was applied to the cbromatograph for 
aIMlySis. 

Recovery of added isomeric chondroitin sulfates 
Solutions were prepared which contained 1 mg/ml of standard C-4S, C-6s 

and DS in distilled water. Aliquots of 50 ~1 of each of these solutions were 
added separately to 2 ml of normal urine. The GAG in these augmented urines 
were precipitated with 100 ~1 of 5% CPC in 0.9% sodium chloride and isolated 
as described above. Reproducibility of recovery was measured by duplicate 
isolations of GAG of each spiked normal urine sample. Enzyme reaction 
conditions and sample treatment for HPLC analysis were the same as described 
above. 

HPLC 
In the HPLC separations, the eluent used was acetonitrile-methanolam- 

monium formate buffer_ A Whatman Partisil-10 PAC, a bonded cyano-amino- 
type column was used at a flow-rate of 2.0 ml/min. 

RESULTS AND DISCUSSION 

Ratio of acetonitrile to methanol concentmtion in the eluent 
The capacity ratios (k’) of the disaccharides (ADi-OS, ADi-GS and ADi-4S) 

were determined as a function of the acetonitrile and methanol content of 
the mobile phase, while keeping the content of ammonium formate buffer 
constant at 20% (Fig. 1). Benzene was used as the inert peak in the calculations 
of the k’ values. For sulfated disaccharides the k’ values first decrease with 
increasing acetonitrile content and decreasing methanol content, pass through 
a minimum at an acetonitrile-methanol ratio of about 3.0 and then increase 
sharply. The k’ value of nonsulfated disaccharide increases slightly in the region 
in which k’ values of sulfated disaccharides decrease and then increases sharply 
as did the sulfated disaccharides. Fig. 1 demonstrates that the acetonitrile and 
methanol content is a valuable parameter for adjusting the retention. It is found 
that at a ratio of acetonitrile to methanol of 3.0, effective separation and good 
resolution of the three disaccharide isomers in the enzyme digest of urinary 
GAG is achieved. Thus, in further investigations of the influence of parameters 
in this aqueous buffer, this ratio for the two organic solvents was used. 

Effect of pH, concentration and content of aqueous ammonium formate 
The dependence of the k’ values on the pH of ammonium formate buffer 

for,the three unsaturated disaccharides was studied_ For sulfated disaccharides 
the k’ values decrease with an increasing pH of the buffer. Ho~~ever~-&&~ k’ 
va&e of ADi-OS only changes slightly when the pH wasv~&&&n~~~~~%. 
Peak shapes of the three compounds become more sy%-$$$&I-a&he pH is 
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source temperature was 250%, the electron energy 70 eV. The total ion current 
signal was registered at 20 eV. The GC column and temperature program were 
identical to those gken above. 

ChemicaLs 
-The chemicals uss (and their source) were as follows: hexadecanediol 

(Aldrich, Milwaukee, WI, U.S.A.); 3f3-hydroxy-5&androstan-l7_one (E. Merck, 
Darn&ad& G.F.R.); MSTFA (Macherey, Nagel & Co., Diiren, G.F.R.); helicase 
(Boebringer, Mannheim, G-F-R.). 

RE%JLTS AND DISCUSSION 

Samples were taken from 15 healthy female and 30 male subjects. From 
every subject 18-20 urine samples were collected in 4.b intervals. To confirm 
the results, the collection was repeated after a six-week interval. 

Urine steroid profiles of healthy individuals are characterized by two main 
peaks in the region of the androgens - androsterone (A) and etiocholanolone 
(E) - and one main peak in the region of the corticoids - t&rabydrocortisone 
(TEE) (Fig. 1). Usually these three peaks are of comparable size. A much 
lower intensity of the peak corresponding to THE is a strong indication that 
the de&at&&ion was not properly done and corticosteroids were lost to a 
large extent [4,10] _ 

Fig. 1. Urinary steroid profile ( TMS-enol-TMS ether) of a healthy 30.year-old male; steroids 
are identifkd in Table 1. 

Earher it was reported [16 ] tbat male subjects always show a much higher 
excretion of A than of E. Although this is true in many cases, we found several 
maIe subjects with an equal or even higher ratio of E/A_ An unambiguous 
d&in&on between the sexes by an inspection of these ratios therefore seems 
not to be possible_ 

The ratio between A and E differs from individual to individual, but the A/E 
ratio of urine samples of a single individual taken at different times_ does not 
differ greatly (Fig. 2). 
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(eedzeprdi%e), f@XS &ottum PpofSe); steroidCar& kEntiie6 in TabI&L - 
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While the relative excretion of nearly ail steroids varies in healthy individual 
within. certain _l@nits-~&ou15 1_:5), that of DHEA -is subject to large changes 
(1:50), .UsuaUy the excretion of -DHEA in a normal ind.ividuaI is just above the 
detection Jimit. Only in psychological stress situations is its excretion enhanced 
in most individw to amounti cqmparable to those of A and E, i.e. 10-50- 
fold, 

In this study about every -tenth individual showed an excretion rate of 
DHEA in the same ratio as normal individuals do in a severe psychologiczd 
stress situaeon (Fig. 3), 

The excretion of DHEA in these persons changes a lot during one day, 
reaching a maximum about noon or in the afternoon and being low in the 
resting period (Fig. 4). Ev en in the resting period the DHEA excretion is 
about ten times higher than in a “normal” person. To exemplify this the ratio 
between DHEA and E of a ‘Lnormal” DHEA excreting person and that of a 
high DHEA excreting person were compared (Table II), 

! 6Rl4%62 ! 6 lOl4182 ! 61ol44wti ! 6 oaytime 

JTi&=S. compa;risdri bf -t&G ~&&etiOn rates of an&terone (A), et&c&oXamlone (E), tetra- 
hy~d&&i&~e (!FJXE) &d~&o&Ione (Q-C) of a ii&e ‘(98 -years’ oId) -over a 4-day collec- 
tion period; values expressed in &g/h per collection time unit. 

-_ -- 
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TABLED _ 

A/EANDDH&4/ERATIOS 0FA“NORMAL"DHEAEX CRETINGPERSON(I)COM- 

PARRD WI!I?FIA"HlGH~'DHEARXCR~GPRRSON(II)FROMDRINESAMP~ 
CO~~DINA34hRHYTHM 

_- 

2200.4600 0600-1000 1000-1300 1300-1700 170-O-2200 

I II I II I II I II I II 

Am 0.97 0.63 l-09 0.98 112 0.89 1.00 0.77 0.91 O-74 

DHEA/E N_D_* 0.36 0.04 3.10 0.10 3.13 0.24 2.22 N-D-* 0.82 

*NotdetectahIe. 

‘h 

, 

C--l 
/ 

! 61Ol41822 

---. . 
6 #)14_18Z- Daytime 

Fig. 6_ WC differences inDHRAexcret$onrat+sbeetweePa fede(2Syears'old)typical 
&a %igk~DEfEAkcretkgpe~~q,auda feinaIe(30 yeSis'oId)~ic%If@a%ormal'~ 
DHEAc&&ing&koa _ _ 
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It is-*erefore.qcyxxary to distinguish ~tween_two.types ofindivi&als: 
those -who && livind with a low excretion level of DHEA (about 8Q-90%) 
and thos_e tie a h@ exc&iq,n level 0% DHEA..This finding explains the great 
diff~n~t.$ 6 t&e D@$A Ieye& pub&h@ [171. . 

. ..- _I+ms&i&v, h&h. DHEA exc+on is- very ~comr& in ; women suffering 
ftorp .$i~path+ hirsutism, -About 60% of them are high DHEA escretors, a 
n&h .h$&er percentage camp+ to .other -individua&, This is probably not 
due to -altered adrenal -enzyme activity, since -there is no evidence for an ab- 
normality of- 3&hydroxysteroid dehydrogensse in any of the hirsute subjects 
examined [18]_ - 

So f&r we only compared relative rates directly deducible from the profiles. 
The +lition of an interual standard and knowledge of .the volume of urine 
produced -within a certain period enable us to calculate the quantitative steroid 
excretion at different times. 

Although the relative rates of steroids excreted are rather constant (Fig. 5) 
the actual excretion rates change a good deal during the daytime, reaching a 
maximum about noon (Fig. 5). This effect, well known from group deter- 
minations_ [X3-21], can be masked in clinical analysis by taking 24-h speci- 
mens. 

Moreover, the excretion of urinary steroids also changes from day to day. 
These changes are not considered in clinicsl analysis although they are of great 
importance, Especially striking is the change in the d&y excretion of DE-IEA 
in “hi&” DHEA’excreting individuals compared to the low excreting individ- 

c 

pig. 7. _Urinsry steroid profile (TMS-enol-TMS ether) of a male (26 years’ old) showing an 
e+emely high A/E ratio; steroids are identified in Table L 
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uals (Fig. 6), which is evident even by inspecting the profiles (Fig. 4) without 
reference to the standard. 

One additional observation deserves to be mentioned. The profiles of 29 
male subjects showed an A/X ratio of 25 or less; only one male subject devel- 
oped a profile with a 3:1 ratio (Fig. 7). A similady extreme ratio of the cor- 
t&o&is a-THF/THF > 1 was observed. Quantification revealed a normal E 
excretion but an increase in A excretion by a factor of 3-4 and in 3ar-hydroxy- 
&-androst-16-e by a factor of similar magnitude. This individual obvious- 
ly has a much higher activity of 5a.reductase than usual. Shackleton et al. [22] 
desuibed a case of hypertension in which an &me activitg of &is enzyme 
xvas found. 

&ml&be assumed that there exist even more types of people disti.nguish- 
able according to their metabolism. It would be of interest to investigate if 
these subjects also show an alternative rate of drug metabolism. 
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