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SUMMARY 

A method is described for the determination of urinary 17-hydroxycorticosteroids 
using flu0 rescence high-performan ce liquid chromatography_ After enzymatic hydrolysis. 
17-hydroxycorticosteroids were extracted using an Extrelut column and then labeied with 
Dns-hydraxine in hydrochloric acid-ethanol solution_ The labeled steroids were chroma- 
tographed on a microparticulate silica gel column, the mobile phase was dichloromethane- 
ethanol-water (900:60:40). The eluate was monitored on a fluorophotometer at 365 nm 
(excitation) and 505 nm (emission)_ Linearity of the fluorescence intensities (peak heights) 
of various 17-hydroxycorticoateroids were obtained between 60 pg and 20 ng_ The assay 
wss sensitive, precise and accurate. Comparison with the results obtained by radioimmuno- 
assay gave correlation coefficients of 0.932 for tetrahydrocortisol and O-930 for tetrahydro- 
cortisone. The proposed method is clinically useful for the routine analysis of urinary 
17hydroxycorticosteroids. 

INTRODUCTION 

The most important steroid secreted by the human adrenal gland is cortisol_ 
Cork01 in the blood is converted to water-soluble conjugates in the liver; 
they, along with other metabohtes, are excreted as glucosiduronates of tetra- 
hydrocortisol (THF) and tetrahydrocortisone (THE). Measurement of these, 
the socahed urinary 17-hydroxycorticosteroids (17-OHCS), has been used 
to screen for abnormalities in adrenocortical function [1] _ The Portetiilber 
reaction [Z, 31, a non-specific color reaction for the estimation of 17,21-d& 
hydroxy-20_oxocorticosteroids, has been widely used in clinicai Iaboratories. 
However, there is interference by other steroids, non-steroid metaboiites and 
certain drugs [4]. Specific radioimmunoassay (RIA) techniques ]5] have 
been developed and used in routine clinical diagnosis. Although RIA is highIy 
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sensitive, its specificity is limited because steroid antibodies may cross-react 
to varying degrees with other steroids_ High-performance liquid chromat+ 
graphy (HPLC) offers the desired selectivity and sensitivity for the analysis 
of steroids such as cortisol [6-133 and, because it does not require the use 
of radioisotope, HPLC represents a useful, safe alternative to RIA techniques 
in routine laboratory analysis. However, because tetrahydrocorticosteroids 
have no strong IN-absorbing group in their structure, no HPLC method for 
their detection has been reported; instead, urinary steroids have been assayed 
by gas chromatography [ 14-183 _ 

We have reported the use of Dns-hydrazine as a fluorescent labeling reagent 
to increase the detection limit for 17-oxosteroids (17-0s) [ 19]_ We now 
present a highly sensitive fluorescence HPLC method for the determination 
of urinary l?-OHCS_ 

EXPERIMENTAL 

Ma tenids 
THF, tetrahydro-ll-deoxycortisol (THS) and allo-tetrabydrocortisol (uUO- 

THF) were kindly donated by Dr. D.K. Fukushima- THE, tetrahydrocortico- 
sterone (THB) and Dns-hydrazine (grade II) were from Sigma (St. Louis, MO 
US-A.), and P-D glucuronidase and B-D -glucuronidase/arylsulphatase from 
Boehringer Mannheim-Yamanouchi Co_ (Tokyo, Japan)_ The Extrelut Refill 
Pack was from E. Merck (Darmstadt, G.F.R.). Other steroids, reagents and 
solvents were from commercial sources_ 

Instrwments and chromafographic conditions 
We used an Hitachi Model 635 high-performance liquid chromatograph 

equipped with a Kyowa Seimitus KHP-UI-130 injection valve, a stainless-steel 
column (250 x 4.6 mm I.D.) and a Jasco FP-110 fluorescence spectrophotom- 
eter equipped with a mercury lamp and a micro flow cell. A Zorbax SIL 
column (particle size 5-6 pm, 250 X 4.6 mm I.D.) was used. The mobile 
phase was the organic layer separated from a mixture of dichloromethane- 
ethanol-water (900:60:40) after 30 min shaking; the flow-rate was 1 ml/min_ 
The detector wavelength was set at 365 nm and 505 nm for excitation and 
emission, respectively_ 

Reagent solutions 
Dns-hydmzirze solution. A 0.05% (w/v) solution was prepared by dissolv- 

-big 5 mg of Dns-hydrazine in 10 ml of ethanol; it was stored in a re&igerator 
until use. 

Hydrochloric acid-eihanol solution. This was prepared by mixing 2 ml of 
concentrated hydrochloric acid with 1000 ml of ethanol. 

Steroid sfock solutions_ THF, THE, allo-THF, or THS (2 mg) were made 
up to 10 ml with ethanol and stored in a refrigerator until use. 

Buffers. ‘The acetate buffer was 2 M (pH 5.2); the phosphate buffer was 
0.5 M (pH 6.2). 

Erfreluf caZumn_ A lo-ml syringe, closed at the bottom with a Fine Filter 
F (Ishikawa Manufactory, Tokyo, Japan) was used as a column. It was filled 
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with 2 g of Extrelut, a large-pore, granular Kieselguhr with high pore volume, 
and vibrated for 10 set on a Vortex-type mixer; the surface of the packing 
was covered with a filter plate. 

Procedure 
Hydrolysis with 8-D-glucuronidase/sulphatase. A mixture consisting of 

0.5 ml of urine, 0.5 ml of acetate buffer and 40 ~1 of enzyme solution was 
incubated for 24 h at 37°C. Two drops of chloroform were added to avoid 
bacterial decomposition_ 

Hydrolysis with fl-D-glucuronidase_ After adding O-5 ml of phosphate huf- 
fer, 20 pl of enzyme solution and two drops of chloroform to 0.5 ml of urine, 
the mixture was incubated overnight at 50°C. 

Extraction on the Extrelut column. The hydrolysate was diluted to 3 ml 
with redistilled water, loaded onto a dry Extrelut column (2 g), and allowed 
to soak in for 10 min to distribute the aqueous phase on the column packing_ 
17-OHCS were eluted from the column with 6 ml of dichloromethane and 
the effluent was evaporated to dryness at 40°C under a stream of nitrogen 
gas. The resultant residue was assayed as described below. 

Solvent extraction_ After incubation, 6 ml of dichloromethane were added 
to the mixture; it was stirred -vigorously for 1 min with a Vortex-type mixer 
and centrifuged for 3 mm at 1000 g_ The aqueous layer was removed with a 
Pasteur pipet, After drying by adding 1 g of anhydrous sodium sulphate, 
exactly 4 ml of the organic layer were evaporated to dryness at 40°C under a 
stream of nitrogen gas and the resultant residue was assayed by the following 
procedure. 

Labeling reaction_ The residue in a test-tube was dissolved by adding 0.2 ml 
of hydrochloric acid-ethanol solution, then admixed with 50 ~1 of Dns- 
hydrazine solution, left to stand for 10 min ai; 65°C and evaporated to dryness 
under a stream of nitrogen gas. The labeled residue was dissolved in 500 ~1 of 
eluent and an aliquot was injected into the chromatograph described above. 

RESULTS 

Fluorescence spectrum 
Fig. 1 shows the excitation and emission spectra of Dns-hydrazone of 

THF in chloroform. The hydrazone was stable in chloroform for at least one 
week at 4°C without any change of fluorescence intensity. As shown in Table I, 
the fluorescence intensity of Dns derivatives was affected by the polarity of 
the solvent. In polar solvents such as methanol and acetonitrile, it was much 
lower than in chloroform or dichloromethane. Therefore, normal-phase HPLC 
on a microparticulate silica gel column was used for the separation of 17-OHCS, 
using the organic layer of a dichloromethane-ethanol-water mixture as the 
mobile phase, 

Concentration of hydrochloric acid 
In acidic media, tetrahyclmcorticosteroids reacted with Dns-hydrazine to 

form hydrazones. Fig_ 2 shows the effect of the hydrochloric acid concentra- 
tion on the fluorescence intensity peak height_ The peak height on all three 
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Fig. 1_ Excitation and emission spectra of the fluorescent dansyl hydrazone of tetrahydro- 
cortisol in chloroform. Excitation maximum, 350 nm; emission maximum, 505 nm. 

RELATIVE FLUORESCENCE INTENSITY (RFI) AND FLUORESCENCE MYAXIMUM 
IN VARIOUS soLvFXTs 

Solvent RF1 Fluorescence maximum (nm) 

Excitation Emission 

Chloroform 100-O 350 500 
Dichloromethane 116.7 350 500 
Eluent* 112-O 350 505 
AcetunitriIe 55-6 350 525 
Methanol 44-4 350 525 

*Organic layer of dichloromethane-ethanol-water (900:60:40)_ 
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Fig. 2_ Effect of hydrochloric acid concentration on fluorescence intensity peak height. 
(A) Tetrahydrocortisone. (0) tetrahydrocortisol. (9) tetrahydro-ll-deoxycortisol; 20 ng 
of each skrcid were injected. 
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steroids incresses with increasing hydrochloric acid concentration in ethanol 
up to 2 ml/l; it reached a constant value at 4 ml/l. 

Therefore, hydrochloric acid-ethanol solution containing 2 ml of con- 
centrated hydrochloric acid in 1000 ml of ethanol was used for the labeling 
reaction solvent. 

Reaction temperature 
As shown in Fig. 3, maximum peak heights were obtained at 65°C; they 

decreased at higher reaction temperatures. Therefore, the reaction tempera- 
ture was set at 65°C for the labeling reaction. The reaction time used was 
10 min because maximum peak heights were obtained at more than 5 min. 

40 5-O 66 =- - 70 80 

Reaction Temperature ("C) 

Fig. 3. Effect of reaction temperature on peak height. (A) Tetrahydrocortisone, (a) tetra- 
hydrocortisol, (m) tetrahydro-ll-deoxycortisol; 20 ng of each steroid were injected. 

Selection of eiuent 
Many solvent systems and columns were examined to obtain the complete 

separation of l7-OHCS. An organic layer consisting of a mixture of dichloro- 
methane-ethanol-water (900:60:40) was found to be suitable when used on 
a Zorbax SIL column_ The ehromatogmms presented in Fig. 4 show good 
separation of standard tetrahydrocorticosteroid mixtures including THF, 
THE, allo-THF, THS, and THR. The testing of other silica gel columns showed 
that urinary 17aHCS were efficiently separated on various columns (Table II). 

Working curves and sensih~vih~es 
Linearity of fhrorescence (peak heights) intensity with the injected amounts 

of l?-OHCS (THF, THE, allo-THF, THS) were obtained in the range 60 pg- 
20 ng. When a OS-ml urine sample was used for the assay, the detection limit 
for 17-OHCS was about 3 ng/ml of urine. 

Recovery of steroids from Extrelut column 
Recovery of radiolabeled steroids upon Ektrelut column extraction was 

96.8 -+ 4.4% (n = 5) and 90.0 f 5.4% (n = 5) for [1,2-‘H] THE and [1,2-3H] - 
THF, respectively. 
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Fig_ 4. Separation of fluorescent derivatives of tetrahydrocorticosteroid standard mistures. 
Peaks: 1 = tetrahydrocorticosterone, 2 = tetrahydro-ll-deoxycortisol, 3 = tetrabydro- 
cortisone, 4 = allo-tetrabyclrocortisol, 5 = tetrahydrocortisol_ Column: Zorbax SIL column 
(250 X 45 mm I-D-). Mobile phase: dichlorometbane-ethaol-water (900:60:40); flow- 
rate. 1 ml/tin_ 

TABLE HI 

CObWARISON OF CAPACITY FACTORS <k’) OF TETRAHYDROCORTICOSTEEOIDS ON DIF- 
FERENT SILICA GEL COLUMNS 

column packing Producer Partide size Dimensions Eluent* Capacity factor (k’) 
Um) Oengul X f-D.. 

-> 
THS THE do-THF THF 

Hitachi & 3042 Hitachi 5 250 X 4.0 I 3.46 5.20 6.06 740 
Hitachi gel 3043 FIitachi 10 250 X 4-O II 2.58 3.70 4.15 5.27 
rxYxcno~ si loo ?&r& 10 250 X 4.0 II 2-47 3.80 4.33 5.28 
zorbax SIJi DuPont 5-6 250 X 4.6 I 2.35 3.15 4.71 5.49 
Finepak SIL JZISCO 5 250 X 4.6 I 2.47 3.29 3.81 4.61 

* 
Eluent I: o& !ayer of dieMorumethane-eto&water <900:60:40)_ Ehent II: organic layer of di- 

chlomm&han~~ll-water <920:50:30)_ Flow-rate: 1 mltmin_ 

Recovery and reproducibility 
fk aqueous standard solution (2 ml) containing 0.5 pg each of the three 

17-OHCS was added to a urine hydrolysate, and Extrelut column extraction, 

labeling reaction and HPLC were performed. A6 shown in Table III, 17-OHCS 
were recovered in the range 90.8-102.2% with a coefficient of variation (C-V.) 
range of 3_2-4.3% 
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TABLE III 

RECOVERY OF TETRAHYDROCORTICOSTEROIDS ADDED TO URINE PRIOR TO 
EXTRACTION 

Urine (0.5 ml) to which 0.5 erg of each of the three 17-OHCS was used. 

Steroid Recovery (%) n C.V. (Z) 

THE 102.2 5 3.2 
allo-THF 92.5 5 4.3 
THF 90.8 5 4-l 

Typical chromqtognuns of urine samples 
Fig. 5 shows typical chromatograms of normal human and patient urine 

samples; urinary 17aHCS were clearly separated and identified by comparison 
witi authentic samples. 

‘G 

C 

Fig_ 5_ Qpical &rom&ograms of urine samples (A) Normal human; (B) pituitary tumor 
patient; (C) IlORXliil human after oral administration of carbamazepine. 

i%mparison’with results obtained by RIA and the calorimetric method 
The r&ability of the newly devised HPLC method for the determination 

of tiary 17-oHCS (THF and THE) was assessed by comparing the results 
with those obtained. by RIA. RIA was as described by Kambegawa and Honma 
1201; it involves Sephadex LH-20 chromatography for the separation of 
THF and THE. As illustrated in Fig_ 6, the values obtained by both methods 
were in goo@ agreement; the correlation coefficients were 0.932 and 0.930 
f& THF .and THE, kqkckively. 

-. 
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Fig- 6_ Correlation between fluorescence HPLC and RIA values of urinary tetrahydrocot- 
tisone (THE) and tetrahydrocortisol (THF)_ THE: y = 0.98x + 0.14; r = 0.930; n = 17_ 
THF: y = 0.96x + 0.10; r = 0.932; n = 32. 
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17-OHCS f Porter-Si 1 ber method, jKl/ml) 

Fig. T_ Compvison of the results obtained with fluorescence HPLC and the calorimetric 
method for the determination of urinary 17-0HCSy = 0_6?x - 0_05;r= 0_935;n= 53. *, 
After oral administration of carbamazepine- 

Fur%ermore, the total urinary THF and THE values obtained by the HPLC 
method were compared wi’% the 17-OHCS values obtained by an ordinary 
calorimetric method, Porter--Silber reaction, used in routine assay. As shown 
in Fig. 7, the correlation coefficient was 0.915 and the regression line, y = 
0.67 x - 0.05, where x equals the values determined by the calorimetric 
method. 

DISCUSSION 

In clinical pathology, fluorometric and calorimetric methods such as the 
Porter-Silber reaction [3], the tetrazolium reaction [Zl] and ketogenic steroid 
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estimation 1221, have heen routinely used for the determination of 17-OHCS. 
As these methods are of limited sensitivity and do not have highly specific 
reactions, tberc may be some interference by other steroids, non-steroid 
metabohtes and drugs. Sensitive RIA methods for THF [20,23,24] and THE 
[ZO, 241 have heen reported, however, they require chromatographic separa- 
tion such as Sephadex LH-20 column [ 201 or paper chromatography [24] _ 
HPLC methods for the determination of steroids in biological fIuids have been 
devised [l&25]_ In our preceding paper [19] we reported the determination 
of 17-0s in biological fIuids by fIuorescence HPLC using Dns-hydrazine as the 
fhiorescence Iahehng reagent. In the present report, we describe a fluorescence 
HPLC method for the determination of urinary 17-OHCS, THF, THE, THS, 
allo-THF and THR. The PorterSilber reaction involves the acidcatalyzed 
rearrangement of the adrenocortical side-chain to a 20,21-glyoxal grouping, 
followed by the formation of 2lphenyihydrazone 1261 which showed a strong 
band at 1660 cm-’ arising from a&unsaturated /3-hydrazinoketo group. On 
the other hand, the fluorescent product of THF obtained by the derivatiza- 
tion with Dns-hydrazine showed no band near 1660 cm-‘. It seems that the 
carbonyl group at C-20 position of THF reacted with Dns-hydrazine to yield 
the Dns-hydrazone of THF. THR, l?-deoxycorticosteroid, reacted with Dns- 
hydrazine under the same reaction conditions shown in Fig. 4. 

We chose chromatographic conditions which, in the shortest possible analysis 
time, gave acceptable resolution between the Dns-hydrazone of tetrahydro- 
corticosteroids and the fluorescent coexisting substance in urine samples. As 
shown in Fig_ 4 and Table II, good separation can be achieved on various silica 
gel colu111l1s, using the organic layer of a dichIoromethane--ethanol-water 
mixture as the eluent. The sensitivity of this method is superior to that of 
other HPLC methods which employ a UV detector. Tetrahydrocorticosteroids 
have no strong W-absorbing group in their molecules; therefore, when an 
retictive index detector is used, their detection Iimits exceeded 1 pg_ When 
we hydrolyzed urine with 8-D -glucuronidase and/or P-D -giucuronidase/sul- 
phatsse 1271, we obtained equahy good results (Table IV). The use of p-D- 

TABLE IV 

AN&YSIS OF URINARY STEROIDS USING DIFFERENT HYDROLYSIS AND EX- 
TRACTION METHODS 

Enzyme Extraction Steroid Peak height n 'Ill-1 C.V.(%) 

(mm) 

Helicase Mixing with THE 137-5 4 0.64 4-6 
dichloromethane 

alla-THF 19.5 4 0.17 5.8 
39.0 4 0.18 4.6 

Helicase Extrelut column THE 128.5 4 0.36 2.8 
allo-THF 16.2 4 0.06 3.5 

34.5 4 O-17 5.0 
&Glucuronidase Mixing with THE 130.0 4 O-45 3.5 

dichloromethane 
ozzo-THF 15.8 4 0.10 6.0 

25.0 4 0.07 2.8 
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glucuronidase/sulphatase makes it possible to obtain simultaneously a hydrol- 
ysate for 17-OHCS and 17-0s detection- Although dichloromethane can 
be used for the extraction of 17-OHCS, this method sometimes produces an 
emulsion_ The Extrelut column extraction method permits quantitation and 
it is as good as other methods commonly used for recovery. Ende et al. 1281 
observed contaniination when they used the Extrelut column for steroid 
determination. However, we noted no interference peaks. There was a good 
correlation between the urinary THF and THE values obtained by our newly 
devised method and the RIA method, and the total THF and THE values 
obtained by our method correlated well with those of 17-OHCS obtained 
by the calorimetric method_ A high 17-OHCS value (11-5 pg/ml) was recorded 
upon application of the Porte~Silber method to a urine sample that was ob 
tained after the oral administration of carbamazepine; our method, used in 
the same sample, gave a normal (3 pg/ml) summation value for THF and THE. 
This indicates that urinary 17-OHCS can be determined by our method with- 
out interference by a metabolite of carbamazepine [29]_ 

Although the estimation of total urinary neutral 17-OHCS is used in screen- 
ing for adrenal disease, specific changes will go unnoticed. For example, the 
THF/THE ratio was increased in patients suffering from a wide range of dis- 
eases [30] and a highzy significant correlation was obtained between THF- 
glucuronide and the cortisol secretion rate [24] _ THS-glucuronide values were 
also highly elevated after metyrapone administration to humans [31]. There- 
fore, to obtain meaningful and accurate information, the determination of 
individual components of this group of steroids is very important_ Our newly 
developed method may be clinically useful in the routine assay of urinary 17- 
OHCS_ 

The authors are grateful to Dr. D-K_ E’ukushima for a gift of steroids and 
to Dr. A_ Kambegawa for supplying antisera to THF and THE_ This work was 
supported in part by a Grant-in-Aid for Scientific Research Tom the Ministry 
of Education, Science and Culture of Japan. 

REFERENCES 

1 M_E_ Hankin, H_M_ Yherle and A-W. Steinbeck, Clin. Endocrinol., 6 (1977) 185. 
2 C-C_ Porter and RH_ Silber, 3_ Biol_ Chem_, 185 (1950) 201. 
3 R-H_ Silber and CC_ Porter, J_ BioL Chera, 210 (1954) 923_ 
4 D-S_ Young, D-W. Thomas, R.B. Friedman and L.C. Pestner, Clin_ Chem., 18 (1972) 

1041_ 
5 G.E. Abraham (Editor), Handbook of Radioimmunozssay, Marcel Dekker, New York, 

Base& 1977, p. 59x_ 
6 W_ Wortmann, C. Schnabel and J.C. Touchstone, J. Chromatogq 84 (1973) 396_ 
7 F_K.Trefi,D.J_ByrdandW. Kochen,J_Cbxnatogr_,107(1975)18l_ 
8 J_H_M_ van den Berg, CR_ Mel, R_S_ Deelder and JH.H. Thijssen, Clin. Chim. Acta, 

78 (1977) 165_ 
9 J-Q_Roseand~_J_Jwko,J_Chromatogr_,l62(1979)273_ 

10 G_ Cavina,G_Moretti, R. Alimenti and B. Gainella, J_Chromatogr_,175 (1979)X25_ 
11 P&4_ Kabra, L-L_ Tsai and L_J_ Marton, Clin_ Chem_, 25 (1979) 1293_ 



11 

12 N-R_ Scott and P-F. Dixon, J. Chromatogr., 164 (1979) 29. 
13 M_ SchGnesb6fer, R. Skobolo and H-J_ Dulce. J_ Chromatogr. 222 (1981) 478_ 
14 E. Menini, Ann. Clin Res., 2 (1970) 163_ 
15 J.A_ Volhnin and H-C. Curtius, 2. Klin. Chem. Klin_ Biochem-, 9 (1971) 43_ 
16 H. Gleispach, J_ Cbromatogr-, 91(1974) 407_ 
17 CD_ Pfaffenberger. L-R_ Malinak and EC. Horning, J. Chromatogr., 158 (1978) 313_ 
18 E. Heftmann, Chromatography of Steroids, Elsevier, Amsterdam, Oxford, New York, 

1976_ 
19 T_ Kawasaki, M_ Maeda and A. Tsuji, J. Chromatogr., 226 (1981) 1. 
20 A_ Kambegawa and S. Honma, Folia Endocrinol. Jap., 55 Suppl_ (1979) 1138_ 
21 G-R_ Kingsley and G_ Getchell, Anal. Biochem., 2 (1961) 1. 
22 J-K_ Norymberski, R-D_ Stubbs and H-F_ West. Lancet, i (1953) 1273_ 

23 E-H_ Mougey, Anal- Biochem., 91(1978) 566_ 
24 H_ Will, R_ Aderjan, T_ Winkler, B_ Penke and P_ Vecei, Acta EndocrinoL, 86 (1977) 

369s 
25 E. Heftmann and 1-R. Hunter, J_ Chromatagr-, 165 (1979) 283_ 
26 H.R. Barton, T-C. MEMorris and R. Segovia, J. Chem_ Sot, (1961) 2027_ 

27 H_-Cb- Curt& and M_ MiilIer. J_ Chromatogr. 30 (1967) 410_ 
28 M. Ende, P_ Pfeifer and G. Spiteller, J. Chromatogr., 183 (1980) l_ 
29 K_ Arisue, Y. Katayama, Z. Ogawa, C. Hayashi, M. Miyata, K. Shimada and T. Nambara, 

Chem_ Pharm_ Bull., 24 (1976) 3093_ 
30 B. Zumoff, H.L. Bradlow, D-K. Fukushima and L. Heilman, J_ Clin. Endocrinol. Metah_, 

39 (1974) 1120. 
31 M. Stahl, JP. Kapp, M. Zachmann and J. Girard, Heiv_ Paediat. Acta, 27 (1972) 147. 


