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SUMMARY 

Following the iv. injection of 1Omg 7a-C3H]-EME in a normal female subject, plasma and urinary sam- 
ples were assayed for free and conjugated Cz,-steroids. Five min after administration of the substrate, 
the fraction of free acidic &-steroids in plasma contained more C3H]-activity than the fraction of free 
neutral &-steroids, su~esting a rapid hydrolysis of the methyl ester group. Whereas the plasma half-fife 
of lipophile C,,-steroid sulfoconjugates, formed from EME and EA, apparently exceeded 12 h, the plasma 
half-life of free neutral and free acidic C&-steroids was approx. 16 and 11 min resp. The @24 and 24-48 h 
urine acidic Cz,-steroids also predominated in the fractions of free steroids, steroid sulfates and glucur- 
onosides. Of the four compounds isolated, two could be identified as EME and EA. while the other meta- 
bolites probably were represented by a ring D hydroxylated EA and a ring A/B reduced EA. 

INTRODUCTION 

As concluded from previous investigations [l-4], the 
activity of human glucose-6-phosphate dehydrogenase 
(G-6-PDH) may be regulated at least in part by dehyd- 
roepiandrosterone (3~-hydroxy-5-androsten-17-one, 
DHEA) or its endogenous sulfo~onjugate. Low levels 
of DHEA, encountered under pathophysiologicai con- 
ditions such as obesity or psoriasis, therefore, sug- 
gested a substitutional therapy with DHEA sulfate, the 
latter being normally converted into the most effective 
inhibitor of G-6-PDH: DHEA sulfatide [5,6]. How- 
ever, as in psoriasis, an increased activity of red blood 
cell 17-&hydroxysteroid oxidoreductase apparently 
prevents the desired effects of the sulfoconjugated 17- 
oxosteroid by its rapid reduction to the inactive andros- 
tenediol (.5-androstene-3fi,17p-diol) [7,8]. Hence, the 
search for other potent inhibitors of human G-6-PDH 
was continued, leading to such compounds as S-etienic 
acid methyl%ster (EME), which proved to be excep- 
tionally effective in the placental G-6-PDH inhibition 
test [9]. 

Prior to the intended therapeutic application of this 
compound, some information on its metabolism in the 
human seemed desirable. 

EXPERIMENTAL 

In a 22-yr-old female subject 10mg 7cl-C3H]-EME 
[9] with 309,000 c.p.m. C3H] in 2 ml 25% ethanol were 
slowly injected into the cubital vein. Blood samples of 

20-24 ml were withdrawn from the other cubital vein 
5, 10, 20 and 30min after administration of the sub- 
strate and urine was collected from O-24 h and 24- 
48 h. 

From the various plasma samples free steroids were 
extracted with 3 x 2 vol. ether, the combined extracts 
washed with 10 ml 0.1 N sodium hydroxide and water 
and evaporated to dryness. To the pre-extracted plasma 
samples 4~01. acetone were added. After removal of 
precipitated proteins by filtration, the filtrate was 
diluted with 8 vol. d&isopropyl ether--butanol-[2] (4:1, 
v/v), dried over anhydrous sodium sulfate and then 
passed through a column (10 x 1 cm) of polyamide 
(SC6; Macherey, Nagel & Co., Dtiren, BRD), pre- 
pared with cyclohexane. Following a subsequent wash- 
ing of the column with 20ml diisopropyl ether-meth- 
anol (1: I, v/v) (= eluate 2) and 20 ml methanol (= 
eluate 3), retained steroid sulfates and glucuronosides 
were eluted with 20 ml methanol-hydrochloric acid 
(99: 1, v/v) (= eluate 4). The first two eluates not only 
contained lipophile steroid sulfoconjugates formed 
from EME, but also free 5-etienic acid (EA). The et& 
ciency of the column had been tested by the chromat- 
ography of IOOnM 7~C3H]-DHEA sulfate and 
1OOnM 4-[14C]-DHEA glucuronoside, as well as 
10 nM 7s(-C3H]-EME sulfate, yielding less than O-lo/, of 
C3H]- or [‘4C]-activity in the eluates 1 and 2. Separ- 
ation of lipophile steroid sulfoconjugates and EA was 
achieved by t.1.c. on silica gel G in chloroform-meth- 
anol-ammonia (20:5:0*2, by vol.). In this system free 
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Free Alter acet!lalion 4liet- c~terificntion Atier ac. + est. 

Compound I 2 I 3 I 2 t 2 

A o.xl 0.32 047 0.6’ 042 0.58 0.73 0.X1 
B 0.;7 044 o+I 0.73 0.63 0.7 t 0.x2 0.87 
C 0.46 0.36 0.7.I O~XO o+‘) 0.75 0.84 @X8 
D 0.64 0.7’ 0.X2 0% 0.63 0.7 t 0.x2 0.86 

EA 0.31 04 0~70 0.74 063 0.70 0.x I 0.86 
EME 0+3 0.7 1 0.x I 0.85 0.63 0.7 I 0.x I 0.85 

System I = C‘yclohexane -ethyl acclatc (I : I. I v) on silica gel G. 7 = Chloroform ethanol (19: I( Vv) on silica gel G 

E.4 exhibited an R,-value of 0.57. whereas steroid sul- 
fates arising by degradation of lipophile steroid sulfo- 
conjugates in the course of t.1.c.. moved with R,-values 
between 0.20 and 0.45. Free EA. obtained by this pro- 
cedure. was combined with free EA obtained by ethyl 
acetate extraction of the acidified alkaline washings 
from ether extractable compounds. The above system of 

t.1.c. was also applied to the separation of steroid sul- 
fates and glucuronosides in column &ate 4. 

Steroid sulfates and glucuronosides were hydrolyzed 

by incubation with enzyme preparations from Hrlis 
porn&u (Biochemica Boehringer, Mannheim, BRD). 
the liberated steroids extracted with 3 x 2 vol. ethyl 
acetate, and the combined extracts washed with water. 
before being dried over anhydrous sodium sulfate and 

evaporated to dryness. 
The t.1.c. of the residues on silica gel G in cyclohex- 

ane-ethyl acetate (I: 1, v/v) (Table 1) provided a separ- 
ation of [3H]-labelled steroids into four fractions with 
R,,-values of 0.1 X&O.%? (= A). 0~2X%O.32 ( = B). 0.45 
0.48 (= C), and 0.64-0.67 (= D). After additional puri- 
fication of these fractions by t.1.c. on silica gel G in 
chloroforms-ethanol (19: 1. v/v) aliquots wcrc assayed 
for C3H]-activity and the remaining material used for 
identification. 

The urine samples were proceesed as follows: at first. 
free steroids were removed by extraction With 3 x 
2 vol. ether. Then 40 g ammonium sulfate were added 
per 100 ml of urine and the remaining free EA as well 
as steroid conjugates extracted with 3 x 2 vol. ethyl 
acetate. While the fraction of ether extractable steroids 
was treated with sodium hydroxide and water as de- 
scribed above for free plasma steroids, the combined 
ethyl acetate extracts were washed with 0.1 vol. IO”,, 
sodium chloride and dried over anhydrous sodium sul- 
fate. The dry extracts were submitted to preparative 
t.1.c. on silica gel G in chloroform-methanol +unmonia 
(20:5:0-2. by vol.). allowing the separation of free EA 
(R,. = O.S3NI5X), steroid sulfates (R,. = 0~20 045). 
and steroid glucuronosidcs (R, = 000 0.15). After clu- 

tion of these fractions the recovered free EA was com- 
bined with the ether extractable free EA, while the ster- 
oid conjugates were hydrolyzed with sulfataselb-glu- 
curonidase. As mentioned before, the liberated C3H]- 
labelled steroids were subjected to repeated t.1.c. in two 
different systems. resulting in the separation of four 
distinct fractions (A-D). 

Thin-layer chromdtograms were scanned in a 
LB2720 (Labor. Prof. Berthold, Wildbad, BRD). 
whereas quantitative measurements of C3H]-activity in 
the various fractions were performed in a Packard Tri- 
carb Spectrometer 3310. 

In order to gain information on the identity of [“HI- 
labelled Cz,,-steroids in the fractions A-D, aliquots of 

this material were submitted to acetylation with [‘“Cl- 
acetic anhydride in pyridine. using known amounts of 
EME and EA as standards. Furthermore, additional 
aiiquots were refluxed in methanol/boron trifluoride. 
Derivatives eventually formed during these procedures 
were chromatographed in solvent systems 1 and 2 (see 
Table I). and their mobility compared to that of EME, 
EA. or their acetates. For further identification the eth- 
anol/sulfuric acid spectra [lo] of fractions A-D were 
recorded in a Beckman DK 2 spectrophotometer and 
compared to those ofauthentic EME, EA. or their cor- 
responding derivatives. 

RESL’LTS AND DISCUSSION 

From Fig. 1. showing the C3H]-activity in the 
various steroid fractions of the four plasma samples, it 
becomes quite evident that already during the first 
minutes after administration of EME the fraction of 
[3H]-labelled free acidic C 2,-steroids exceeded that of 
ircc neutral C,,,-steroids. Whereas the [3H]-activity of 
steroid sulfates and glucuronosides in plasma never 
even reached levels of lOOc.p.m./lOO ml, lipophile ster- 
oid sulfoconjugatcs predominated in the last plasma 
sample, reflecting a substantial sulfoconjugation. The 
plasma half-life of the free neutral C,,-steroids, repre- 
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Fig. 1. [3H]-La~lIed free and conjugated steroids in plasma. 

sented mainly by EME (X3-69%), was approx. 16 min, 
and that of free acidic Cz,-steroids, consisting almost 
exclusively of EA (91-75%), only 11 min. Conversely, 
the plasma half-fife of the l~pophile steroid sulfoconju- 
gates, containing EME (37-23%) as well as EA (57- 
68%),“appeared to surpass 12 h. Such figures are com- 
parable to the plasma half-life of free DHEA and 
DHEA sulfatide [ll]. Concerning these results, how- 
ever, it should be pointed out that EME and EA were 
isoiated only by a two-fold t.1.c. due to low counting 
rates in the various plasma fractions. Although their 
additional purification eventually might have caused 
some variation in the given percentages, the efficiency 
of the applied systems 1 and 2 seemed to justify the 
aforementioned conclusions. Obviously, the limited 
t3H]-activity in plasma samples only allows a more or 
less generalized evaluation of pertinent data in Fig. 1. 

stressing the hydrolysis of the methyl ester and the for- 
mation of sulfoconjugates. 

In the O-24 h urine (505 ml) and the 24-48 h urine 
(830ml), 22.01% and 10.29% of administered [jH]- 
activity were detected. The fraction of free steroids, 
amounting to 3.55% and 1.49% resp. of the original 
[3H]-activity, contained only traces of free EME 
besides the predominant EA (Table 2). From the frac- 
tions of steroid sulfates, comprising 13-62:/i and 6.30% 
respectively, the acidic &,-steroids alone accounted 
for 12.20% and 548% respectively. A similar composi- 
tion was detected by assay of steroid glucuronosides, 
totalling 4.84% and 2.50% respectively of injected 
[3H]-activity, most of it being associated with acidic 
C,,-steroids. These findings clearly indicate an exten- 
sive hydrolysis of the injected EME to EA, just as 
demonstrated by the analysis of plasma steroids. At the 

Table 2. [3H]-Labelled steroids in urine 

Fraction Steroids 
0-24 h urine 24-48 h urine 

c.p.m. C3H] y’, r3H] c.p.m. C3H] 1:‘, [‘H] 

Free Neutral 580 0.19 251 0.08 
Acidic 10,400 3.46 4330 1.41 

Sulfates Neutral 4080 I.32 2410 0.78 
Acidic 38,000 12.30 17,oso 5.52 

Glucuronos. Neutral 2230 0.72 2270 0.73 
Acidic I 2,700 4.12 5450 1.77 



Compound 

c.p.m. [.‘H] in fraction 
Free steroids Sulfatc5 Glucllr~~i~~Nde~ 

O ‘4h 74 3X h 0 23 I1 74 38 I1 0 24 h 74 4s II 

A 516 421 5360 4310 30x 926 
B 6270 2360 I9.XOO I 0,600 6140 1230 
C‘ 104 x2 859 1120 I450 ii90 
D 46X 204 I480 X67 502 231 

same time it may be stated that sulfoconjugation, espe- 
cially of the acidic C ,,-steroids plays a major role in 
the metabolism of such steroids. A preferred sulfocon- 
jugation of 3p-hydroxy-Sene-steroids which is known 
to apply to CIg -steroids [12], apparently also pertains 
to Cl,-steroids like EME or EA. As far as the metabo- 
lism of the administered EME to various [3H]-labelled 
compounds in the &24 and 24-48 h urine is con- 

cerned, the composition of free and conjugated C3H]- 
labelled steroids can be derived from Table 3. The 

[3H]-activity of the four compounds. representing at 
least the overwhelming portion of fractions A-D. was 
determined after a two-fold t.1.c. in systems 1 and 2. 
According to these figures the fraction of free steroids 
consisted primarily of compound B, which later was 
identified as EA. Also in the fractions of steroid sulfates 
and glucuronosides. compound B turned out to be the 
most important metabolite. Compound A, presumably 
a hydroxylated EA. contributed little [3H]-activity to 

the fraction of free steroids. but reached 19.-26”” of iso- 
lated steroid sulfates and 27-24% of steroid glucurono- 
sides. The least polar compound D, third ranking in 
the fraction of free steroids, proved to be a minor con- 
stituent in the fractions of steroid sulfates or glucur- 
onosides and identical with EME. Compound C. 
which prevailed in the fraction of [3H]-labelled steroid 
glucuronosides from the 24-48 h urine-with roughly 
37”,, of isolated [3H]-activitymPmerely accounted for 3 
and 7”,, of isolated free Cz,,-steroids. 

As to the identification of compounds A-D. isolated 
from plasma or urinary extracts, compounds B and D 
could be characterized as EA and EME. Not only did 
the K,.-values of the free compounds closely resemble 
those ofauthentic substances. but also after acetyiation 
and esterification with methanol/boron trifluoride the 

mobilityofderivativescorresponded to thatofauthentic 
EA acetate and EME acetate (Table 4). Furthermore. 
the ethanol./sulfuric acid spectra ofcompounds B and D 
completely agreed with those of pure EA or EME 
respectively. Finally. the specific [“HI-activity of both 
compounds, based on their quantitation by the ethanol,’ 
sulfuric acid reaction. remained practically unchanged 
during the different steps ofpurification and derivation. 

With regard to compound A the most polar metabo- 
litc. the acetylation with [‘4C]-acetic anhydride indi- 

cated the presence of two hydroxyl groups, the steroid 
being determined by the ethanol;‘sulfuric acid reaction. 
The recorded spectrum showed a distinct peak at 
408 nm like the ethanol/sulfuric acid chromogens of the 
parent compounds EME or EA. indicating the pres- 
ence of a 3/Ghydroxy-Sene-configuration. By refluxing 
compound A in methanol/boron trifluoride the mobi- 
lity of the resulting substance in system I or 2 was in- 
creased, thus confirming the presence of a 17/?-car- 
boxy1 group. If one assumes that the metabolism of the 
injected EME as a 3/Ghydroxy-Sene-steroid does not 
basically differ from that of DHEA. the additional hy- 
droxyl group may be located a C-16. In the course of 

Table 4. Specific C3H]-activity of isolated Czc,- steroids before and after derlvatizltion 

Compound Fraction c.p.m. 
Free 

1’8 S.A. 
Acet!lation Esterification 

c.p.m. b’g S.A. c.p.m. i’k! S.A 

A Sulfates 5440 192 28.4 1930 66.3 29. I 720 25.2 28.6 
Glucur. 1430 51.1 28.0 686 23.9 ‘8.7 122 I09 29.5 

B Free 3040 108 29.2 1210 30.5 2Y.9 584 20.3 28.X 
Sulfates* X820 XOI I I.0 3810 337 I I.3 I 1’0 97.5 I I.5 

D Fres 226 7.3 3 1.0 98 3.1 3 I 6 
Sulfatest 1070 Ii4 X.0 54x 66.2 X.3 216 26.6 8.1 

* After dilution with 5OOpg EA. 
t After dilution with 1OOb~g EME. 
S.A. = specific [‘HI-activity in c.p.m./bcg. 
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acetylation and esterification the purified derivatives 

possessed the same specific [3H]-activity as the parent 
compound A, verifying the uniformity of the isolated 
compound A. 

Attempts to elucidate the structure of compound C 
may be summarized as follows. Compound C failed to 
give a positive ethanol/sulfuric acid reaction. By acety- 
lation with [‘4C]-acetic anhydride only one hydroxyl 
group could be demonstrated under the provision that 
the specific C3H]-activity of this compound resembled 
that of the substrate EME. Treatment with methanol/ 
boron trifluoride considerably increased the running 
rate of the C3H]-labelled compound. Hence it was con- 
cluded that compound C probably represents a ring A/ 
B reduced EA, the configuration at C-5 and the confor- 
mation of the 3-hydroxyl group still being unknown at 
the present time. 

Although the presence of further metabolites in 
plasma or urine cannot be completely excluded, their 
contribution to the various fractions may be regarded 
as insignificant on the basis of their [3H]-activity. 

From the aforegoing data it can be deduced that the 
injected EME underwent a rapid and extensive hy- 
drolysis to EA, probably under the influence of a 
plasma esterase. By virtue of its carboxyl group, EA 
was on the one hand excreted into the urine and on the 
other hand, it was transformed into a lipophile sulfo- 
conjugate with a prolonged plasma half-life. The meta- 
bolism of the lipophile sulfoconjugate-possibly by di- 
rect pathways-seemed to resemble that of the lipo- 
phile DHEA sulfoconjugate [S, 111, inasmuch as hy- 
droxylation in ring D and reduction in ring A/B to 5x- 
or 5P-steroids appeared to be the major metabolic 
steps. Hydrolysis of the lipophile steroid sulfoconju- 
gates to the corresponding sulfates, most likely occur- 
ring in the kidney [12], as well as to free compounds 
then may have led to the various urinary metabolites, 
the glucuronosides originating from the free C,,-ster- 
oids. 

Concerning the envisioned therapeutic use of EME 
as inhibitor of human G-6-PDH, its pronounced hy- 
drolysis to EA obviously precludes its -application. 
Despite an i.v. administration of 1Omg the levels of 
EME apparently reached a 10-5-10-6 M in plasma 
only for a very short period of time. In view of a 14.7% 
red blood cell penetration rate such a concentration 
seems necessary for a significant inhibition of intracel- 
lular G-6-PDH. Especially, since the main metabolite 
of EME, e.g. EA, is devoid of any inhibitory activity. 

Slightly lower values of the specific C3H]-activity of 
isolated EA and its metabolite A as compared to the 
specific [3H]-activity of injected EME, which might 
hint at the natural occurrence of such &,-steroids in 
the human organism, are attributed rather to exper- 
imental variations in the course of their quantitation 
by the ethanol/sulfuric acid reaction. 
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