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The antifungal ketoconazole affects testosterone synthesis in dispersed rat testicular cells. In the presence of 
ketoconazole an accumulation of 17a,20a-dihydroxyprogesterone has been observed. This steroid was isolated from 
the testis of Wistar rats after a [4-'4C]progesterone incorporation in the presence of ketoconazole. Its identification 
was achieved from the gas chromatographic/mass spectrometric analysis of the isolated radioactive fraction. A 
chemical derivization of the fraction with butylboronic acid followed by mass spectrometric analysis confirmed the 
presence of 17a,20a-dihydroxyprogesterone. 

INTRODUCTION 

Ketoconazole (cis- 1 -acetyl-4-[4-[[2-(2,4-dichloroph- 
enyl) -2- (1,H-imidazol-l-ylmethyl-1,3-dioxolan - 4- yll- 
methoxylphenyl] piperazine), is an orally active azole 
derivative with broad spectrum activity against a variety 
of yeasts, dermatophytes and dimorphous fungi.' 

Besides the inhibitory effect of ketoconazole and other 
nitrogen heterocycle-containing antifungals on the cyto- 
chrome P-450 dependent (P-450) ergosterol biosynthesis 
in yeasts and f ~ n g i , ~ - ~  a transient decrease in serum 
testosterone levels has been observed in humans treated 
with doses from 200 to 600mg k e t o c ~ n a z o l e . ~ ~ ~  It has 
also been observed that ketoconazole suppresses tes- 
tosterone production by up to 50% when incubated at 
a concentration of 2 x lop7 moll-' in dispersed rat tes- 
ticular cells.' 

Previous studies had shown an effect of ketoconazole 
on the microsomal P-450 of dog testis4 at a concentration 
> lop7 moll-'. Therefore it was tempting to speculate 
that decreased testosterone synthesis might originate 
from an interaction with one of the P-450 dependent 
steps in the metabolism of pregnenolone or pro- 
gesterone. In view of this hypothesis the effects of 
ketoconazole on testosterone synthesis in the subcellular 
fraction of dog testis were studied.* 

These studies suggest an effect of ketoconazole on the 
P-450 dependent C17,20-lyase. The aim of the present 
study was to give details on the steroid that accumulated 
in the microsomal suspension incubated in the presence 
of ketoconazole and progesterone. A clean up of the 
accumulated fraction followed by a gas chromato- 
graphic/mass spectrometric analysis has allowed iden- 
tification of the unknown steroid as 17a,20a-dihy- 
droxyprogesterone, the substrate of the C17,20-lyase. 

A preliminary gas chromatographic separation before 
ionization was inevitable due to the remaining com- 
plexity of the fraction, even after purification by two- 
dimensional thin layer chromatography. The electron 
impact mass spectrum of the unknown steroid allowed 
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identification of the latter in all probability as 17a,20a- 
dihydroxyprogesterone. Full evidence for the structure 
was obtained by gas chromatographic/mass spec- 
trometric analysis of the fraction after treatment with 
butylboronic acid. 

The chemical derivatization of 1,2- or 1,3-diol groups 
can be easily achieved with boronic acids.'-" This pro- 
cedure has obtained widespread recognition for the con- 
firmation of the occurrence of diol systems in molecules. 
The results clearly indicate the formation of such a 
corresponding butylboronate derivative. 

EXPERIMENTAL 

Tissue preparation 

Wistar rats (body weight 250-300 g) were sacrificed by 
decapitation. The testes were collected in ice-cold 
potassium phosphate buffer (0.1 M, pH 7.4) and 
homogenized by a Potter-Elvehjem homogenizer with 
teflon pestle. The homogenate was centrifuged at 500 g 
for 10 min and the supernatant centrifuged at 10 000 g 
for 20min. The resulting supernatant, called the S10 
fraction, was used for the incubation. 

Incubation and sample collection 

The S10 fraction was brought to a protein concentration 
of 5mg ml-' as determined by the Bio-Rad method 
(Bio-Rad protein assay, Miinchen). 

The incubation mixture consisted of 8 ml of the S10 
fraction, 1 . 6 m ~  NADPH, 5 mM ATP, 3 mM 
MgC12.6H20 and 0.2 FCi [4-14C] progesterone (sp. act. 
56 mCi mmol-'), in a final volume of 10 ml. The incuba- 
tions were carried out in a reciprocating shaker at 37 "C 
and constantly gassed with air. 

The reaction was stopped after 3 h by adding 50 ml 
of ethyl acetate and the steroids were extracted by the 
method of Wilcox and Engel." Separation of the steroids 
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Figure 1. Total ion chromatogram of the gas chrornatographic/mass spectrometric 
analysis of the radioactive fraction 

was accomplished with two-dimensional thin layer 
chromatography (TLC) on precoated silica gel 60 F254 
plates as previously described.8 

The first solvent system was benzene + ethyl acetate 
(1 : 1, v/v), and the second solvent was composed of two 
solvent systems, i.e. (A) isooctane + isopropyl ether + 
acetic acid (2 : 1 : 1, v/v/v) and (B) benzene + ethyl ace- 
tate (4:3, v/v) with A/B = 1. 

The Rf values of the fractions were compared with 
those of available standards. The accumulated radioac- 
tive fraction which deviated from the standards was 
scraped off from the TLC plate. 

The silica gel was extracted with 50 ml of ethyl acetate. 
The solution was filtered and the solvent evaporated 
under dry nitrogen. The residue was dissolved in 50 p1 
methanol and put into a 60 p1 vial (Pierde Chemicals). 

Derivatization 

The butylboronate ester derivative was formed by adding 
20 p1 of a solution of boronic acid in 2,2-dimethyl- 
propane (1 mg ml-') to the dry residue in the reaction 
vial. The reaction mixture was kept for 15 min at 60 "C. 
The solution was evaporated to dryness and the residue 
dissolved in 50 pl of 2,2-dimethoxypropane. An aliquot 
of about 1 p.,l was injected on the capillary column. 

Gas chromatography/mass spectrometry 

The gas chromatographic /mass spectrometric analysis 
was performed on a Finnigan 4500 mass spectrometer 
coupled to the Incos data system. An aliquot of the 
methanol of 2,2-dimethoxypropane solution was injec- 
ted in the splitless mode on the SP Sil-5 capillary column 
(10 m ~ 0 . 3 2  mm i.d.; Chrompack). 

Helium was used as the carrier gas with a flow of 
1.5 ml min-'. The temperature of the injector and the 
separator was 260 "C. The temperature of the injector 
and the separator was 260°C. The temperature of the 
column oven was raised from 50 "C to 290 "C at a rate 
of 12 "C min-I. 

The mass spectrometer was operated in the electron 
impact mode at an ionization energy of 70 eV. The ion 
source temperature was maintained at 240 "C. The mass 
spectra were registered with a repetitive scan of one 
second and collected on a magnetic disc. 

RESULTS AND DISCUSSION 

Several attempts to analyse reference steroidal con,- 
pounds indicated that the best results in respect of the 
gas chromatographic properties were obtained with a 
SP Sil-5 short capillary column. The analysis was per- 
formed on subnanogram quantities of steroids. The 
injection of 1 p1 of the purified fraction yielded the total 
ion chromatogram shown in Fig. 1. 

The major compounds separated on the column corre- 
sponded to fatty acids and their related compounds and 
also to some contaminants (softeners). 

In spite of this contamination a compound was detec- 
ted at a column temperature of 235 "C which appeared 
to have a steroidal skeleton. The mass spectrum is shown 
in Fig. 2(a). A library search for the mass spectrum with 
the aid of the available NBS 1ibra1-y'~ yielded 17- 
hydroxy-pregn-4-ene-3,20-dione (17-hydroxypro- 
gesterone) as the best fit (Fig. 2(b)). 

The similarity of the two spectra clearly indicates that 
the two compounds have a great part of the structure 
in common (see 1). 
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Figure 2 (a) Electron impact mass spectrum of the unknown steroid. (b) Electron impact reference 
mass spectrum of 17-hydroxyprogesterone. 

R 

R = COCH) : 17- hydroxyprogesterone 

1 

The ions displayed in the reference mass spectrum of 
17-hydroxyprogesterone are rationalized by loss of 
the C-17 substituent and cleavage of ring D.*'-'' 

The major fragmentation pathways are predicted in 
Scheme 1. The base peak of the mass spectrum is formed 

by loss of CH,CO(a). This fragment ion a further 
decomposes by the expulsion of water. The loss of water 
gives rise to hydrogen scrambling and skeleton rear- 
rangement (C-18 methyl migration; b-, b'). The frag- 
ment ion a also decomposes by loss of the fragments 
C2H3 (c) and C,H,O ( d ) .  These ions are also formed 
directly from the molecular ion when an initial cleavage 
of ring D is involved. For instance, the cleavage of 
C,,-C,, results in the loss of the neutral 2,3-butadione. 
The generated ion c is further stabilized by expulsion 
of the C-13 methyl group ( e ) .  In addition, the simul- 
taneous loss of ring D and expulsion of a hydrogen atom 
is a well-known fragmentation of steroids with a C1, 
side chain. 

This fragmentation is also valid for 17- 
hydroxyprogesterone and yields fragment ion e, which 

C H ~ ~ + *  I C"3 I 
+OH c.0 C . 0  

\ a , m / z  2 0 7  - 
-&OH 0 m / z  330 -dH 0 0 u 

b, m/z 269 d, m / z  2 2 9  c ,  m/z 244 - - 

b '  - e ,  m/z 2 2 9  m / z  1 2 4  - 

Scheme 1 
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Figure 3. Total ion chromatogram of the gas chromatographic/mass spectrometric analysis of the 
radioactive fraction after treatment with butylboronic acid. 

is also derived from the precursor c. In contrast to the 
fragmentation of progesterone, the cleavages of the 
bonds 6-7 and 9-10 are suppressed by the hydroxyl 
substituent at C-17. This implies the absence of the ion 
m / z  124, which is usually related to the steroidal A4-3- 
ketone~.'~.'' 

The described ions are related to the structure of 
17-hydroxyprogesterone. The same ions are present in 

167 

the mass spectrum of the unknown steroid in almost 
comparable abundance, and one may therefore assume 
that the structure displays the same steroidal skeleton. 

A weak molecular ion is found at m/ z 332 in the mass 
spectrum of the unknown (Fig. 2(a)). The most promi- 
nent fragment ion induces the loss of the C-17 substituent 
with formation of fragment ion a, which implies that 
R (45 u) is consistent with the following structural 

t 
> - - 
? 100 120 140 160 180 200 220 2 4 0  260 280 
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Figure 4. Electron impact mass spectrum of the cyclic boronate derivative of the unknown steroid. 
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proposals: CH20HCH2- and CH,CHOH--. The loss 
of 31 mass units from the molecular ion was not 
observed, which indicates that a 1,3-diol system is much 
less likely. 

More evidence of a 1,2-diol or 1,3-diol system was 
obtained from the corresponding butylboronate deriva- 
tive. It is known that derivatization of 1,2- or 1,3-diol 
groups can be achieved with boronic acids; RB(OH)2. 
This prompted us to derivatize the compound with butyl- 
boronic acid. The injection of an aliquot of the reaction 
mixture under identical conditions yielded a total ion 
chromatogram as presented in Fig. 3. 

The peak detected in the previous analysis (Fig. 1) 
disappeared and was replaced by the occurrence of a 
prominent peak which was detected at a column tem- 
perature of 241 "C. The mass spectrum corresponding 
to the cyclic boronate derivative is represented in Fig. 4. 

The molecular ion shifted 66u as expected for the 
boronate ester. The pronounced [M - 1]+ ion was mainly 
attributed to the incorporation of the isotope '"B and 
confirmed the presence of a boron atom in the molecule. 
The fragmentation of the compound was consistent with 
a 17-hydroxyprogesterone derivative.'* 

A major fragment ion c (Scheme 1) formed by 
cleavage of ring D was still present. A prominent ion 
m/z 124 characterizes unambiguously the steroidal A4-3- 
one moiety. This ion was almost absent in the underivat- 
ized steroid due to the generation of the oxonium ion a. 

Charge retention on the ring oxygen induced an initial 
cleavage of the bond 13-17 and gave rise to the base 
peak cf, m / z  167, Scheme 2). A similar a-cleavage gener- 
ated the cyclic oxonium ion g after expulsion of a methyl 
radical. This fragment ion of moderate abundance 
implied a terminal methyl group for the C-17 substituent 

1 k 
c H2 II 
CH b2: CH -0, &,B-CH=CH2 

- h, m/z 341 i ,  m/z  3 6 9  - 1 - H 2 0  

I - 

Scheme 3 
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Table 1 

[M - H,O]+/(M]+' [M-2H20]+ / [M-H,0] '  [M -CH3CH0H]'/[M]'' 

17u,20a 0.7 0.6 13.4 
17a.20P 0.4 0.3 3.5 
Steroid 0.6 0.14 16 

and permitted identification of the compound as a 1,2- 
diol boronate derivative. 

The [M-lS]+ ion originated almost exclusively from 
the a-cleavage, as the latter was much less pronounced 
in the mass spectrum of 17-hydroxyprogesterone and 
almost absent in the spectrum of the underivatized 
steroid (Figs. 2(a) and 2(b)). 

More evidence of the structure was gained from the 
ions observed in t-he high mass range. The fragment ions 
h, i and j resulted from cleavages at the butyl side chain 
(Scheme 3). Ion k was most probably formed by a double 
hydrogen shift and further decomposed by loss of water 
yielding ion 1 of moderate abundance. 

The stereochemical configuration of the C-20 
hydroxyl group can be tentatively determined as a. The 

spectra of 17a,20a-dihydroxyprogesterone and the 20p- 
epimer exhibited considerably divergent values for the 
ratios [M - H,O+]/[M]+', [M -2H201+/[M - H,O]+ and 
[M - CH3CHOH]/[M]+"9 and therefore the two epimers 
could be easily differentiated on account of these values 
(Table 1). 

The ratios calculated from the mass spectrum 2(a) 
(Table 1) showed that the position of the hydroxyl 
function at C-20 was probably a if the values for [M - 
H,O]+/[M]+' and [M - CH,CHOH]+/[M]+' were taken 
into account. Conversely, the ratio [M - 2H,O]+/[M - 
H,O]+ referred to 20p. However the ion [M - H,O]+ was 
of negligible abundance (< 1 % RI) and included the 
possibility of considerable intensity variations due to 
experimental registration conditions. On the grounds 
that the ratio [M -2H,O]+/[M - H,O]+ was unreliable, 
the unknown steroid was identified as 17a,20a-dihy- 
droxyprogesterone. 
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