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SUMMARY 

A fluorescence high-performance liquid chromatographic method is described for the 
determination of 17-oxosteroids in biological fluids. 17-Oxosteroids in urine samples are ex- 
tracted with dichloromethane after enzymatic hydrolysis (&glucuronid_ lfatase), and 
dehydroepiandrosterone sulfate in serum samples is solvolysed with sulfuric acid in ethyl 
acetate. 17-Oxosteroids are labeled with dansyl hydrazine in trichloroacetic acid-beczene 
solution, and then chromatographed on the microparticulate silica gel column using di- 
chloromethane-ethanok-water (400: 1: 2) as the mobile phase. The eluate is monitored by a 
fluorophotometer at 365 nm (excitation) and 505 nm (emission)_ Linearities of the fluores- 
cence intensities (peak heights) with the amounts of various 17-ososteroids were obtained 

between 60 ahd lOOO_pg. The assay proved satisfactory with respect to sensitivity, precision 
and accuracy. Tbe results obtained by a radioimmunoassay and this method were in good 
agreement (r = 0.964, R = 81) for serum dehydroepiandrosterone sulfate. Thii method is also 
useful for the simultaneous determination of individual 17-oxosteroids in serum and urine. 

INTRODUCTION 

The. measurement of. the so-called total 17-oxosteroids in serum and urine 
samples &s .b+n widely -used in routine clinical analysis_ However, iu certain 
clinical conditions, such as adrenogenital syndrome, carcinoma of the adre2a.l 
cortex and gonadal disorders, it is desirable to obtain information about the 
ur@ary excreti0.n of individual l7_oxosteroids_ Many methods have been re- 
ported for the determination of kdivid&I 17-oxosteroids in biological fluids, 
iuch+g radi;?imm&oassay [l-3], gas chromatdgraphy [4,5], and gas chm- 

matographeaz+ spectrometry [6]. Recently, a high-performance liquid chro- 
matdg&phic (I-JPLC) method [;I] was also applied. Howevk, the tiksitivity of r - 
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_yPLC methods was too low due to the use of a refractive index or UV detec- 
tor_ Especially 17-oxosteroids have no strong UV-absorbing groups in their 
structures. 2,4-Dinitrophenylhydrazine was used as a labeling reagent in order 
to ‘increase the detection limit ]8,9] _ FIuorescent labeling techniques [lo] have 
been used for several years. In a previous paper [ll] we used dansyl hydrazine 
as an fluorescent labeling reagent for A4-3-oxosteroids, such as cortisol and ll- 
desoxycortisol. 

ln this paper, we describe a highly sensitive fluorescence HPLC method for 
the determination of l’l-oxosteroids in biological samples. 

EXPERIMENTAL 

Materials 
Dehydroepiandrosterone (DHEA) and androsterone (AN) were obtained 

from Tokyo Kasei Co. (Tokyo, Japan), and etiocholanolone (ETIO), androsta- 
3,5diene-17one, androstanedione, A4-androstene-3,17dione, ll-oxo-andros- 
terone (ll-oxo-AN), ll-oxo-etiocholanolone (ll-oxo-ETIO), A’-androstene- 
3P,lGadiol-17one (16-OH-DHEA), lip-hydroxyandrosterone (ll-OH-AN), 
and l&-hydroxyandrosterone (16-OH-AN) were purchased from Sigma (St. 
Louis, MO, U.S.A.). Potassium salt of dehydroepiandrosterone sulfate (DHEA- 
S) was prepared using DHEA and sulfamic acid according to the description of 
Joseph et al. [12]_ (And_ talc. for C,,H,,O,SK l l/2 H,O: C, 53.57; H, 6.99. 
Found: C, 53.07; H, 6_88_) Dansyl hydrazine was of reagent grade (II) from 
Sigma, Sodium pyruvate, trichloroacetic acid, dichloromethane, ethyl acetate 
and other chemicals were obtained commercially. Helicase (&D-glucuronidase- 
arylsulfatase) was purchased from Boehringer Mannheim-Yamanouchi Co. 
(Tokyo, Japan)_ 

Appamtus 
An Hitachi Model 634 high-speed liquid chromatograph, an Hitachi Model 

204 spectrofluorophotometer equipped with a xenon lamp, and a Jasco FP- 
110 fluorescence spectrophotometer equipped with a mercury lamp were used. 

Reagent solutions 
Dansyl hydrazine solution (0.2%, w/v): a 0.2% (w/v) solution of dansyl 

hydrazine was prepared by dissolving 20 mg of dansyl hydrazine in 10 ml of 
ethanol, and stored at 4°C until used- 

Sodium pyruvate suspension (0.5%, w/v): a 0.5% (w/v) suspension was 
prepared by suspending 50 mg of fine powder of sodium pyruvate in 10 ml of 
benzene; it should be vigorously mixed before use. 

Trichloroacetic acid-benzene solution (O-5%, w/v). 
Stock solution of DHEA-S: an aliquot of DHEA-S was dissolved in ethanol 

to make a stock solution (10 pg/ml), and stored at 4°C until used. 
DHEA-S standard solution: aliquots of 0.75 ml, 1.0 rnj and l-5 ml of the 

Dl&A-S stock solution were taken, evaporated under a stream of nitrogen gas, 
and each was then dissolved in redistilled Water and made up kb 100 ml before 
US& 

Synthesis of dansyl hydmzone of DHEA. Dansyl hydraaine (159 mg) was 
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added to a solution of DHEA (150 mg) in 0.25% trichloroacetic acid-benzene 
solution and the mixture was heated at 60°C for 45 min on a water-bath. So- 
dium pyruvate (300 mg) was added to the reaction mixture and heated for 15 
min on a water-bath. After cooling to room temperature, the solvent was re- 
moved by evaporating to dryness under reduced pressure. The residue was 
dissolved in dichloromethane and washed respectively with 0.25 N sodium 
hydroxide solution and water. After drying with sodium sulfate, evaporation of 
the solvent afforded a yellow solid, which was recrystallized from ethanol- 
diethyl ether to give colorless needle crystals (yield: 152 mg), m-p. 231-233°C. 
Anal. talc. for C3,HJ1N303S - l/2 H,O: C, 68.38; H, 7-72; N, 7.72_ Found: C, 
68.30; H, 7.76; N, 7.54. IR vzzx cm -I: 3500 (OH), 2800 (Ar-N(CH,),), 1614 
(-N=C-), 1590, 1579, 1500 (aromatic)_ NhfR (C’HCl,) 6 ppm: 2.85 (s, 6H, 
N-Me2), 0.60 (s, 3H, C(lS)-Me), l-00 (s, 3H, C(18)-Me), 3.35 (d, lH, C(3)- 
OH), 3.50 (m, lH, C(3)-H), 5.30 (d, lH, C(6)-H), 7.20 (t, lH, arom.), 7-29 
(s, lH, -S02NH-N=), 7.52 (t, lH, arom.), 8.25-8.64 (4H, arom.). Mass spec- 
trometry m/z: 535 (M’). 

Chromatogmphic conditions 
Stainless&eel columns 250 mm X 4 mm I.D. and 250 mm X 4.6 mm I.D. 

were packed with Hitachi gel No. 3042 (silica gel, particle size 5 pm) and Zor- 
bax SIL (particle size 5-6 pm), respectively. The eluent was the organic layer 
separated from the mixture dichloromethane-ethanol-water (400 :l: 2, v/v) 
after shaking for 30 min. Flow-rate, column pressure, and column tempe- ature 
were 1 ml/min, 35 kg/cm*, and 35”C, respectively_ The effluent was monitored 
at 505 nm emission against 350 nm or 365 nm excitation with an Hitachi 
lModel204 spectrofluorophotometer or a Jasco FP-110 fluorimeter. 

Procedure 
Serum sample. To 50-100 ~1 of serum in a centrifuge tube is added water to 

a volume of 1.5 ml. After the addition of 5-O ml of dichloromethane, the con- 
tents of the tube are mixed with a Vortex-type mixer for 1 min and centrifuged 
at 1000 g for 2 min_ Unconjugated steroids are extracted into dichloromethane, 
One milliliter of the supernatant aqueous layer is taken exactly, transferred to 
another tube and then mixed with a mixture of 10 ml of ethyl acetate and 0.1 
ml of concentrated sulfuric acid for 1 min. After discarding the aqueous layer, 
the ethyl acetate layer is incubated for 3 h at 40°C. The ethyl acetate layer is 
washed successively with 1 ml of 1 N sodium hydroxide solution and 2 ml of 
water. After drying with anhydrous sodium sulfate, 7.0 ml of the ethyl acetate 
layer are transferred to another tube and evaporated to dryness under a stream 
of nitrogen gas, The resultant residue is assayed by the procedure described 
below. 

Urine sample. To 1-Q ml urine in a centrifuge tube are added 500 ~1 of 2 M 
acetate buffer (pH 5.2) and 40 ~1 of Helicase_ The contents of the tube are then 
mixed and incubated overnight at 37°C. After incubation, 6 ml of dichloro- 
methane are added and mixed with a Vortex-type mixer for 1 min. The aque- 
OUS tiy& i-disc&ded and 4 ml of the dichloromethane layer are W&red to 
another-tube and evaporated & wess under a stream or nitiogen gas. The 
retilt&nt r&id& is assayed by the follotig procedure. 
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LabeZZirzg reaction. To the evaporated residue in a test tube are added 0.2 ml 
of 0.5% trichloroacetie acid-benzene solution and 0.1 ml of dansyl hydrazine 
sohtion, After incubation for 20 mm at 6O”C, 0.2 ml of sodium pyruvate sus- 
pension is added and warmed for 10 min at 60°C. The solvent is evaporated to 
dryness under a stream of nitrogen gas_ To the residue in a test tube are added 
3-O ml of dichloromethane and 1.0 ml of 0.25 N sodium hydroxide solution; 
the tube contents are mixed with a Vortex-type mixer for 1 min, followed by 
washing with 2 ml of water. The aqueous layer is discarded and the dichloro- 
methane layer is dried by addition of anhydrous sodium sulfate_ In the assay of 
urine sample, an ahquot of this extiact solution is injected into the chromato- 
graph. Two milliliters of dichloromethane extract obtained from each serum 
sample are transferred to another tube and evaporated to dryness under a 
stream of nitrogen gas_ The resultant residue is redissolved by the addition of 
100 ~1 of chloroform, of which an aliquot is injected into the chromatograph. 

RESULTS 

Fiuorescence spectrum 
Dan@ hydrazone of DHEA was prepared by the reaction of DHEA with 

dansyl hydrazine in trichloroacetic acid-benzene solution. As shown in Fig. 1, 
d-1 hydrazone of DHEA has an excitation maximum at 350 nm and an 
emission maximum at 505 run. It was stable in chloroform for at least 1 week 
at 4°C without any change of fluorescence_ The fluorescence of the solution 
obtained from the assay procedure was also stable for 3 days at 4”C_ 

300 400 500 600 
Wavelength (MI) 

Fig. l_ Excitation and emission spectra of the dansyl hydrazone of dehydroepiandrosterone 
in chloroform_ Excitation maximum = 350 nm; emission maximum = 505 nm. 

Opfimal conditiqns of dansylgtion 
Though a. 0.02% dansyl hydrazine solution was used in the previous paper, 

17oxosterqidscould not be quantitatively labeled under the same conditions. 
Therefore, various factors were examined with fiHElA_ A @2% dansyl -hydra- 
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zinc soIution was used in this method because the excess reagent could be re- 
moved by extmction after the reaction with pyruvate. Fig. 2 shows the effects 
of reaction time and the concentration of trichIoroacetic acid solution on the 
fluorescence intensity (assessed by peak height in the chromatogram). The 
reaction time required to reach a m zimum and constant peak height decreased 
with increased trichloroacetic acid concentration in benzene up to 1.0%. Using 
0.2% dansyl hydrazine solution, the peak height reached a maximum at 20 
min with 0.5% trichloroacetic acid solution_ Though the peak height showed a 
slight decrease after 20 min, 0-5s trichloroacetic acid solution was used and a 
reaction time of 20 min was decided upon. The effect of temperature on the 
reaction was examined, It was decided to employ a reaction temperature of 
60°C because the maximum peak height was obtained by 6O”C, and the un- 
known minor peaks appeared at 80°C. 

200 

‘-p 100 

0 

p/ 
, 

10 20 30 40 50 (mid 
Reaction time 

A 
20 40 60 70 1-c) 

Reaction temperature 

Fig. 2. Effects of trichloroacetic acid concentration, reaction time and reaction temperatxe 
on fluorescence intensity (peak height)_ The concentrations of trichloroacetic acid-benzene 
solution were: 2_0% (a), 1.0% (n), 0.5% (0) and 0.25% (0). 

Selection of eluent 
Many solvent systems were examined in order to obtain the complete separa- 

tion of 17oxosteroids. The organic layer of dichloromethane-ethanol-water 
(400 : 1: 2) was found to be suitable when used with an Hitachi gel No. 3042 
column and a Zorbax SIL column. The chromatograms presented in Fig. 3A 
and B show a good separation of standard 17-oxosteroids including androsta- 
3,5diene-l?-one, androstanedione, androstadienedione, A4-androstene-3,17- 
dione, AN, DHEA, ETIO, ll-oxo-AN, ll-oxo-ETIO, 16-OH-DHEA, ll-OH- 
AN, and 16-OH-AN. 

Working curves and sensitivities 
Typical working curves are shown in Fig. 4. When the Jasco FP-110 fluorim- 

eter was used as detector, standard working curves of AN, DHEA, and ETIO 
showed linearities in the range of 60 pg to 1 ng; -corresponding to 0.2-3.4 
pmol. When 0.1 ml of serum sample was used for the assay, the detection limit 
of DHFA sulfate was about O-6 pg/dI from this working curve_ 

Solvolysis conditions of sulfates 
Most 17oxosteroids are excreted as sulfate or glucuronide conjugates_ To 
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Fig. 3_ Chromatogmms of dansyl hydrazone derivatives of 17oxosteroid standard mixture. 
Peaks: 1 = androsta-3,5-diene-17-one, 2 = androstanedione, 3 = androstadienedione, 4 = 
androsMene-3,17dione, 5 = androsterone, 6 = dehydroepiandrosterone, 7 = etiocholanol- 
one, 8 = lloxoandrosterone, 9 = 11-oxoetiocholanolone, 10 = 16e-hydroxydehydroepi- 
androsterone, 11 = llfl-hydroxyandrosterone, 12 = 16whydroxyandrosterone. (A) Hitachi 
gel No. 3042 (250 X 4 mm I.D.) column; mobile phase, dichloromethane-ethanolwater 
(400: 1 r2), 1 mI/min; Hitachi 204 fluorescence detector (excitation 350 run; emission 505 
nm). (B) Zorbax SIL (250 x 4.6 mm ID_) column; JASCO FP-110 fluorescence detector 
(excitation 365 nm; emission 505 nm); other conditions as in (A)_ 

200-; 

250 500 750 1000 
Amount of Steroid (pg) 

Fig. 4. Standard curves for 17-oxosteroids: androsterone (o), dehydroepiandrosterone (9 j, 
etiochoianolone (A). 
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assay DHEA sulfate in serum or urine, various hydrolysis procedures were 
examined_ In the case of acid hydrolysis, the duration of hydrolysis is very 
critical; less than lO‘min caused incomplete hydrolysis and more than 10 min 
lead to a gradual destruction of steroids and an increased number of unknown 
peaks. The amount of free DHEA obtained from the sulfate conjugate was 
only 50.2% of the caI+ated amount by acid hydrolysis and unknown peaks 
other than that of the dansyl hydrazone of DHEA appeared in the chromato- 
gram_ Therefore,. hydrolysis of DHEA sulfate was done by solvolysis with 
ethyl acetate--suIfuric acid as reported by Burstein and Lieberman‘[13] _ DHEA 
sulfate was almost quantitatively hydrolyzed to yield 94.5% DHEA after incu- 
bation for 3 h at 40°C. This value agreed closely with the yield reported by 
KuIpmann and Breuer [14]_ 

Enzymatic hydrolysis 
Urine samples containing- both sulfate and glucuronide conjugates were 

hydrolyzed with_HeIicase according to the literature [5,15] _ 

Recouely and reproducibility 
The recovery test was carried out by determining pooled serum samples 

spiked with known amounts of DHEA sulfate. As ikstrated in Table I, the 
recoveries of added DHEA suifate varied from 97% to 106.5% with the coeffi- 
cient of variation (C-V.) ranging from 1.1 to 5.8% Interassay variations were 
also measured_ with three serum samples containing 43.4, 62.5, and 97.9 pg/dI 
DHEA sulfate, respectively_ The respective C-V_ values were 2_1,0_7 and 2.6% 
(five replicate determinations). 

TABLE I 

RECOVERIES OF DEHYDROEPLANDROSTERONE SULFATE FROM SERUM 

Sample 

Serum A 

Serum B 

Added Found 
~PfNu wz/~) 

0 55.1 
75 130.5 

150 214.9 

0 109.0 
200 303.0 

Recovery 
(%I 

- 
100.5 
106.5 

- 
97.0 

n c-v. 

WI 

10 l-10 
10 3.62 
10 5.75 

5 2.75 
5 4.48 

Typical chrotiatogmm.s of serum and urine samples 
Fig. 5A shows a_ chromatogram of anormal serum sample containing AN and 

DHEA. Fig. 5B+D are typical chromatograms of urine samples obtained from 
patients with-ovarian cysto~,~&I.renogenitaI syndrome, and hypertension, re- 
spectively_ 11: and 16-o~ygenated 17-oxosteroids were measurable simuI- 
taneously by increasing the sensitivity of the detector_ . -_ 

Comparisons with' raditjirn~un~~ a& a~zo~o%&-k &e&hod _ 
To assess the rehabihty -of -the- FIPLC- method f&r determination of DHEA - ._ 

sulfate in serum, DHEA &fate levels in serum samples from 81 patients were 
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determined by both EIPLC and radioimmunoassay (RIA). The RIA method 
used here is a dire& assay of DHEA-sulfate -without hydrolysis after removing 
free steroids by dichloromethane extraction [Xl. As shown in Fig. 6, the 

Y = 0.98 X + 0.89 

100 200 300 400 

Fluorescence HPLC ( pg/dl) _ 

Fig. 6. Correlation between fluorescence HPLC and RJA values of dehydroepiandrosterone 
sulfate in serum. 

17-0s (rig/day, Zimnerman) 

.2 4 6 8 -10~ 

i 
17-05 (q/clay, Zirmemn) 

_ :- 1 

Fig. 7. Comparisons of I&&S obtained -with fluorescence HPLC and 
for t&e +e*rmination_of l?*x~teroids in urine- (0) male, Co) female: 
(@_~&I~ EieJ; ho& v+$e of &&ale (bdkep line)_ 

- __ _ -.--:- . 

Zimmerman method 
normal value of male 
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correlation coefficient was 0.964 and the regression line Y = O-98 X f 0.89, 
where X equals the values determined by the HPLC method. 

Furthermore, the individual 17-oxosteroid levels in urine samples were deter- 
mined by the HPLC method and the results were compared with the total 
values of 17oxosteroids obtained by an ordinary calorimetric method used in 
routine assay. The results’are shown in Fig. 7A-D. 

DISCUSSION 

Several reports on the use of HPLC to determine steroids in biological fluids 
have been published [7,17], but the sensitivity of HPLC was too low due to 
the use of a UV detector_ Especially, 17oxosteroids have no strong UV-ab- 
sorbing group in their molecules so that their detection limits were more than 
1 pg using a refractive index detector. In order to increase the sensitivity in the 
assay of l?oxosteroids, 2,4dinitrophenylhydrazine has been used by several 
workers [S, 9,183 _ The 2,4dinitrophenylhydrazone derivatives of 174x0- 
steroids were easily separated by thin-layer chromatography or HPLC, and 
could be detected in quantities as low as 1 ng. Though these methods have been 
applied to the assay of l?-oxosteroids and _ their conjugates in urine samples, 
they could not be applied to the assay of 17oxosteroids in serum samples. In 
this report a fluorophotometric HPLC method for the determination of 17- 
oxosteroids in serum and urine samples has been developed_ Dansyl hydrazine 
was used as a fluorescent pre-labeling reagent. In the previous paper [ll] corti- 
sol in serum or urine was determined sensitively by fluorescence HPLC using 
dansyl hydrazine as an pre-labeling reagent. Though l’l-oxosteroids react with 
dansyl hydrazine in the presence of acid at room temperature as described in 
the previous paper [ll], the yield of hydrazone derivatives was low and the 
peak of excess hydrazine interfered with the separation of some l’l-oxosteroids 
and other unknown peaks appeared in chromatogram. Therefore, the reaction 
conditions of labeling were examined and the optimal ccnditions were selected 
as described in Procedure_ 

The chromatographic conditions were also selected to give a complete sepa- 
ration between dansyl hydrazones of 17oxosteroids and the fluorescent co- 
existing substances in serum or urine samples in the shortest possible analysis 
time_ As shown in Fig_ 3, good separation of dansyl hydrazone derivatives of 
17oxosteroids can be achieved with an -Hitachi gel No_ 3042 column or a 
Zorbax SIL column using the organic layer of dichloromethane-ethanol-water 
(400:1:2, v/v) as mobile phase. The detection limit of the 17-oxosteroids was 
about 60 pg from the working curves, as shown in Fig_ 4. Then, using 0.1 ml of 
serum or 1-O ml of urine as sample in routine assay, the detection limits are 
0.5 or 0.7 pg/dl, respectively. The detection limit depends on the efficiency of 
the fluorescence detector and the final injection volume. When the residue in 
the amy tube is dissolved in 100 ~1 of solvent at the final step, the detection 
limit of DHEA in urine is about 35 ng/dl. The sensitivity of this method is 
superior to those of other HPLC methods using a UV detector. Moreover, the 
peaks of 17&xosteroids were overlapped by a strong band of UVabsorbing 
substances in serum or urine extracts and could not be detected. However, 
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they appeared in the chromatogram measured by a fluorophotometer and 
could be determined quantitatively. 

Good correlation (r = 0.964) was obtained between the values of DHEA 
sulfate in serum samples determined by the method proposed here and by 
radioimmunoassay. 

The estimation of total urinary neutral lll-oxosteroids serves as a screening 
test for the diagnosis of adrenal or gonadal disease. However, in order to derive 
meaningful information, the determination of individual components of this 
group of steroids is very important_ For example, androsterone and etiocho- 
lanolone are primary metabolites of testosterone. The increased excretion of 
these compounds in a male, without proportionate changes of DHEA and ll- 
oxygenated 17-oxosteroids, is a positive indication of testicular dysfunction. 
When total 17+xosteroids are estimated, such specific changes will go un- 
observed. Therefore, we examined the determination of individual 17-oxoste- 
roids in urinary samples by the method proposed here and compared the results 
with the total 17oxosteroid values obtained by a spectrophotometric method 
after enzymatic hydrolysis of urine samples_ As shown in Fig_ 5, typical chro- 
matograms obtained from patients are different from each other. Fig. 7A shows 
the correlation between the total values of l’l-oxosteroids obtained by the 
spectrophotometric method and the sum values of AN, DHEA, and ET10 
determined by the HPLC method_ The sum values of AN, DHEA, and ET10 
correlate well with the total values of 17oxosteroids. On the other hand, the 
individual values of AN, DHEA, and ET10 do not correlate with the total 
values of l’loxosteroids, as shown in Fig_ 7B-D. These results mean that the 
determination of individual components of 17oxosteroids in urine samples is 
very important and the method described in this paper may have clinical 
potential in the routine assay of l’laxosteroids in serum and urine samples_ 
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