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chromatography: 0.36 ml I-I,0 and 6.0 g aluminum oxide, agitated vigorously ;and 
left 20 min; 4 g are taken for a chromatographic column. 

Tetrahydrofuran (Merck, W. Germany and Fluka, Switzerland) was twice 
shaken with 40 o/o potassium hydroxide, tested for peroxides by potassium iodide., 
dried over sodium sulfate and distilled over sodium. 

P-Glucuronidase (Sigma), type I, bacterial. 
0.5 ik2 phosphate buffer, pH 6.2. 

Helicase (Industrie Biologique Francaise SR, Gennevilliers, France). 
2 M acetate buffer, pH 5.2. 
Silica Gel G (Merck, W.Germany). 
Silylation mixture: 3 ml of hexamethyldisilazane + 0.1 ml of trimethylchloro- 

silane. 
Dehydroepiandrosterone sulfate was purchased from Sigma, U.S.A..; androste- 

rone glucuronide from Messrs. Ikapharm, Israel; some steroids were given to us by 
Prof. W. KLYNE, Chemistry Department, Westfield College, Hampstead, London., 
England. The remaining steroids were purchased from Messrs. Ikapharm, Israel and 
Merck, W.Germany. 

Standards 
Internal standards. (a) IO mg pregnanolone dissolved in IOO ml of :ethanol:; l(b) 

IO mg testosterone dissolved in IOO ml of ethanol. 
Test nh!zcre. IO mg each of allopregnanediol, pregnanediol, androsterone, 

etiocholanolone, dehydroepiandrosterone, pregnanolone, pregnanetriol, I n&eto- 
androsterone, II-ketoetiocholanolone, II@hydroxyandrosterone, TIP-hpdroxy- : 

etiocholanolone and pregnanetriolone dissolved in IOO ml of ethanol. 

Hydrolysis and solvolysis techniqzcos 
(I > Hydrolysis with hydrochloric acid 
50 ml of urine and 40 ml of toluene are brought to boiling. After~a&litionof:5m1 

of concentrated hydrochloric acid, the solution is boiled for 15 min under reflux, 
cooled to room temperature and the water phase is carefully neutralized with 2 .N 
sodium hydroxide. 

(2) Hydrolysis with /I-ghczwonidase 
50 ml of urine are adjusted to pH 6.2. After addition of IO ml ,phosphate buffer 

and 5,000 U @glucuronidase, the mixture is placed in an incubator for 24 h <at .3,~“.. 
Racterial decomposition is avoided by the addition of three drops of chloroform. 

(3) Hydrolysis with P-ghczcronidase and continzrom ether txtraction ,at $&I ~o.W.~.~~ 
The same procedure as in (2) is applied to 50 ml of urine. After ,extraction with 

ether, ‘the water phase is adjusted with sulfuric acid to pH 0.8 and filled into :a 
continuous extraction apparatus. Into the round bottom boiling flask of t,he qparatus., 
300 ml of ether are added and the water phase continually extracted at 40~ for 72 1~. 
The water-ether phase remaining in the apparatus is rinsed into a separatory %unneU 
and re-extracted three times with 50 ml of ether. The ether extract is .added to the 
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~~a~~nmn~~mo~~~lbrolhiio~~~~g~;liaslto~ the continuous extraction apparatus and 
W~EIIWUU nkittlh~ O..II LW scodlikum~ lb~ydiro~~de and water as described under “‘extraction”. 
A&&r C&Q%JJD~ wiitlh~ s&Guuum~ suuU5ate;. the, ehher%iS- evaporated. 

((5)) H~dm&sik w~i?h &eU~~asa~ (iR~~Z’zccl~}lo?zidaselsulfatase from Helix Povantia2B) 
=JD mill UNB’ unuiitme zu.m mlljjms&xl lm piEli 5;~~. 2.5 ml of acetate buffer and 50,ooo U of 

I~K&G~Lw: zaure: a~ulldled am~dl hl&~e* miktuure~ 6~ incubated for 24 11 at 37”. Then, zg,ooo U of 
lh&lk~~~ ;;uf~e’ a1dluIkll5ioiu an~otilherr zq ~!II ikcubation. Bacterial decomposition is avoided by 
ttlble! iaKall<dliittiicomn 05 l&xrtt?G? ulluoqps 05 &l!osoformJ.. 

&lju&Cil U(O) @~-II +D.. AfIWr a~dW$on, 05 61 g ammonium sulfate, extraction is performed 
WAMD ltlluu~: ttiimmes; 5;<0, nrml 05 e$lh1y5 acetate,.. The extract is dried with sodium sulfate, 
t5iIltirdl,, ~~~NoGI&E~~ fko~ diuyncss andl transferred in acetone into a suitable vessel. To the 
ulluiied nariiu~ ~,AIJIZUCC~ 9) rmull el&yll acetate, and 0:4 ml of z AL? sulfuric acid are added 
WKKE~~W~-,. &Ttfe~ a n6 Ifu sok@sik at 3891” tlie, ethyl acetate is transferred into a 
soqEalE&lfO~ 5ulaMmen aImKIll slh!alk erm o;mrtt- I&& L iV sodium bicarbonate to alkalinity. The 
mmikxttmruz ik WGWI~E~~ tfco) rme~~&~~Nrltiit~pr mriilil5 &stiZled water. The ethyl acetate is dried with 
.qoxtEmmn _AltEaife zunkll e~~~po~motied iirm 8 rotary evaporator, 

((8)) S;o&m@Gk ~iff7h ~7m7M~&~ a&d $9~ tet~~al~ydrof~~ram 
((car)) ii2m.W #W 71&’ Ah7 0r1nk u/eCd e~~.~ca~,~~~:at~~~~=‘~.2f. 50 ml of urine are saturated with 

~omniiumm ~.a&: ((,a,qpqpn~o~.. 3;01 g)) andI e:xtracted three times with 25 ml of tetrahydro- 
ikunaun.. TIRE ~~~o~lb&edl tetintiprdh;o~~~ extracts are dried with sodium sulfate and 
WG~~XDJIK~&&~ km a I~~DNIIIUE& 1boMmnm fil!a~~lk cm a~ tokmy evaporator. To the dried extract, a 
umikz (or8 ng, rmul tte~ailh~yallro~~an andI o..o.~, ml of 70 o/0 perchloric acid are added for a 
3J Ilu 00JlK70lll~%ik altt 5j<oK. A&ten adldliit~on~ of’ 5 mll of OLI N sodium hydroxide the tetrahydro- 
&mrraum iis, M~ORRCKO co155 pmriiMh~ GII siireaurrm 015 Gitrogen.. The, alkaline water phase is extracted 
3 ltiimm~s W&IIII ~rgi mmllo15 e&.lt~a..~51~~ comlk&nedl ether extracts are washed to neutrality with 
uliii*m& ~~rn&a,, &i&U coww so- suik5ate~ and evaporated. 

((81)) EE$g&, #W&&W%: a&# ~r~n~~~~&o%.bl’t’.. The, procedure is the same as in (Sa) but 
CCD..II: mnll co)5 m (FO, ~prer&&~ti~ aucik5 iirm 3;01 mll 05 tetrahydrofuran are used for solvolysis and 
5, nrmTl (o)ff 0..5 &? sedkuumn~ lh~@kkkl!e arc’ added for neutralization. 
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(9) Solvolysis zvith jf~erciaZo7~ic acid ila ci!Tzyl ac~tate~~ 
25 g of sodium sulfate are added to 50 ml of urine with the pp4 adjusted to +D_ 

After three extractions with 50 ml of ethyl acetate, the combined et&y1 acetite 
extracts are dried with sodium sulfate. 140 ,ul of 70 o/0 perchIoric acid ((o.or M)) are 
added to the dried extract for a 3 h solvolysis at room temperature. Thereafter, the 
solution is extracted three tim.es with 15 ml of IO o/o potassium hydroxide, washed tto 
neutrality with two 15 ml portions of water, dried over sodium sultf;atte, Wered and 
evaporated to dryness. The residue is left standing in 3 ml of I ‘o/o poYa.ssium hydroxide 
in ethanol at room temperature for I h. IO ml of water are added and exttractiom is 
performed twice with 15 ml of ether. The ether is washed to neutraW&y wiUAn 5 anI 
portions of water, dried over sodium sulfate, filtered and evaporated. 

with ether 
The hydrolysates of (2) and (5) and the aqueous phase of the continu~ous &her 

extraction (3) are shaken up three times with 50 ml of ether. The combined ertaPer 
extracts are further extracted, twice with approx, 20 ml of 0.1 N sodium hydroxide 
and five times with 20 ml of water. The organic phase must be neutral. The ether is 
dried with sodium sulfate and evaporated igz vuc~~~o. 

Extmctio7a with toZue7ae 
The water phases of the HCl hydrolysis of (I) and (4) are extracted twice wiPh 

50 mlof toluene. The toluene extracts are combined with the 40 ml off Loluene added be- 
fore hydrolysis. The combined toluene extracts are shaken twice with appmx. 20 ml of 
0.1 N sodium hydroxide and five times with 20 ml of water. The organic phase musk 
be neutral. The toluene is dried with sodium sulfate and evaporated j, XMZUXU~D. 

A hcnainacna oxide cTaronaatogra$7ay 
The two extracts which have been obtained in methods t(3), i(q), ((6,) and ((7) are 

combined; e.g. in technique (4) the ether extract after glucuronidase ihydro@zis is 
combined with the toluene extract after WC1 hydrolysis. 

4 g of neutral aluminum oxide in benzene are filled into acoUumn. The wine 
extracts (I to g) are dissolved in 5 ml of benzene and placed on t&e cs&umn. Affter 
washing twice with 4 ml benzene, chromatography was carried lcault wi.ttRn 25 unall 

benzene. The solvent is evaporated to dryness (fraction I J. Further chromato~phy 
is performed with 70 ml of benzene-ethanol (99.5 :o.5) followed by evaporation 
(fraction 2)) and then successively eluted with : 

IO ml benzene-ethanol, gg : I 
IO ml benzene-ethanol, g7 : 3 
IO ml benzene-ethanol, 95 : 5 

20 ml benzene-ethanol, go : IO 

20 ml benzene-ethanol, So : 20 

These eluates are combined and evaporated to dryness ((fraction 3)). To ffractim 
2,2.5 ml of acetone are added and I ml portions are pipetted into two small test ctubes, 
immediately closed cand evaporated. One sample is then silyilated and chroma~o- 
graphed. Depending on the result of this analysis, either 50 peg pr~anolone or 11oo ,+cg 
testosterone dissolved in 0.5 ml of ethanol are added as the internal s’ltaLmdard PO the 
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second test tube. To fraction 3 an internal standard of 50 /~g pregnanolone in 0.5 ml of 
ethanol is added and evaporated to dryness. Fractions 2 and 3 are normally silylated 
separately. 

The dried samples are dissolved in 0.5 ml of silylation mixture, pipetted into a 
test tube with a ground glass stopper and placed in an incubator for I h at 60”. The 
silylation mixture is evaporated at approx. 40” under completely dry nitrogen (pure 
nitrogen conducted through several washing flasks filled with concentrated sulfuric 
acid). The residue is taken up in 0.1 ml of absolute hexane and chromatographed. 

Gas chromatogva~hy 
Gas chromatography was performed on a Perkin-Elmer (model F-20) fracto- 

meter equipped with flame ionization detector. For the preparative collection of 
samples an Aerograph (model 1520) gas chromatograph with a go: IO split between 
column and flame ionization detector was used. 

Cohnn conditions 
XE-60, 3 yO on Gas-Chrom I?, So-100 mesh; z m glass tube, I.D. 2.7 mm; Tc 

225’, TL 2SoO; N,, 50 ml/min. 
QF-I, 3 o/o on Chromosorb W, So-IOO mesh; 2 m glass tube, I.D. 2.7 mm; Tc 

210°, Ti 275O; N,, 50 ml/min. 

General principles for the quantitation of gas chromatograms are given in 
ref. 20. 

The use of calibration curves for evaluation turned out to be practical. Samples 
containing different amounts of steroids and a constant concentration of an internal 
standard are analyzed and the peak areas are calculated by multiplying peak height 
times peak width at half height. The factor “I;” is calculated from the area of the 
unknown (A,) and the area of the standard (R~td). 

F 
A 5 

=-- 

A std 

“F” values are plotted (ordinate) against the concentration of the sample (abscissa). 
The calibration curve thus obtained is used for the quantitation of the samples con- 
taining unknown amounts of steroids and a known amount of the standard. It has 
been obtained by subjecting the test substances to all of the analysis steps, thus 
eliminating errors due to losses, 

Standavd method 
(a) Hydrolysis 
50 ml of urine are adjusted to pH 6.2. IO ml of phosphate buffer and 5000 U of 

@gIucuronidase are added and the mixture is placed in an incubator for 24 h at 37”. 
Bacterial decomposition can be avoided by the addition of three drops of chloroform. 

(b) Extraction with ether and hydrolysis of tlze water $Jzase 
The hydrolysate is extracted three times with 50 ml of ether. The water phase is 

J. ChYO’W~atO~., 30 (1967) ~+10-427 
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further treated as in ((3) with the aid of a continuous extraction apparatus. The ether 
phase is shaken twice with approx. zo ml of 0.x X sodium hydroxide ad five times 
with 20 ml water. The organic phase must be neutral. The ether is dried using sodium 
sulfate and evaporated i~z VU~W. 

The ether extracts after both Ihydrolysis procedures are combined. The dried 
extracts are dissolved in 5 mI of benzene and added to an ahuninum oxide column (4 g 
aluminum oxide). After two washes with 4 ml of benzene, chromatography was started 
with 25 ml of benzene and further handled as described under aluminum oxide chroma- 
tography. The three fractions obtained are evaporated. 50 bdg gregnanolone in 0.5 ml 
of ethanol are added to fraction 3 as the internal standard and evaporated to dryness. 
To fraction 2 are added 2.5 ml of acetone; I ml samples are pipetted into z test tubes 
and evaporated. One of these samples is silyiated and gas chromatography was 
carried out on XE-Go. From this chromatogram we can distinguish whether preg- 
nanolone and epiandrosterone in addition to dehydroepiandrosterone are present in 
the sample. If this is not the case, 50 H pregnanolone in 0.5 ml of ethanol are added to 
the second test tube and evaporated to dryness. If disturbiig amounts of pregnanolone 
or epiandrosterone are present in the sample, roe clg testosterone in 0.5 ml of ethanol 
are added as internal standard and evaporated to dryness. If disturbing quantities of 
testosterone are found in the chromatogram the height of the original peak must be 
taken into account. 

(d) Silylatiogz 
The dried samples containing an internal standard are dissolved in 0.5 ml of 

silylation mixture and further bandled as described under sil-lation. 

DIAGRAM 

50 ml IDf 

hydr,olysis with 

urine 
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(e) Gas cltromatogra$hy 
If epiandrosterone and dehydroepiandrosterone are to be determined, gas chro- 

matography is concluded with a QF-I column; in all other cases a XE-60 column is 
used. 

RESULTS AND DISCUSSIOX 

Since estrogens could not be extracted with z N sodium carbonate, estriol and 
phenolic substances were removed by washing the ether extract with 0.1 N sodium 
hydroxide. We detected only small amounts of estrone and estradiol in the sodium 
hydroxide phase, even after using 2 _N sodium hydroxide. 

Pwification of extracts $hyioy to gas c7~ro~~zatogra~Tzy 
The extract was purified by means of aluminum oxide column chromatography 

as already applied by ZACWMANN 21. In this step, a great number of impurities were 
eliminated and only small losses were encountered (see Table I). Moreover, the sepa- 

TABLE I 

Oa+ginal RCCOIJWY 
amortut -------- 

/‘6 pg % 

AlIopregnnncdiol 
Pregnanccliol 
Anclrosteronc 
IZtiocholanolonc 
Dehyclroepianclrostcrone 
Prcgnanctriol 
Pregnanctriolonc 

51.4 103 
,“: 50.0 100 

so 49.1 9s 
50 47.6 95 
so 

G 
98 

so 97 
so 49.0 98 

TAULE II 

RETENTION TIMES RELATI\‘E TO PREGNANOLONE (I?) AN13 TESTOSTERONE (-r) 

_-.-... -.--_ 

1x0, Steroids as TMS% etl~~~ SE-GO QZ’-I Alttminztna 
2tel. lo P -- COZUVlTl 

Rd. lo P Rel. fo T fmctio~~s 
---~ 

I 

2 

3 

4 
13 
6 

: 
9 

IO 

II 

I2 

I4 

Alloprcgnancdiol 
Pregnanecliol 
Androstcronc 
Etiocl~olanolonc 
Dchyclrocpianclrostcronc 
IZpianclrostcronc 
Pregnanolone 
Pregnanetriol 
1 I-I<etoandrosteronc 
I I-I<etoetiocholanolonc 
I IB-I-Iyclroxyaxidrostcro~ic 
I IP-EIydroxyctiocliolanoiolo~~~ 
Pregnanetriolonc 
:l~estostcronc 

0.463 0.534, 
0.529 0.562 
0.012 0.685 
0.730 0.754 
0.850 0.850 

I .ooo I .ooo 

1.165 I.220 

1.420 104.35 
I .455 I.451 
I.790 I.343 
2.180 I.452 
2.715 2.740 

2+3 
3 
2 

2 

0.473 2 

0.531 2 

0.559 2 

3 
2 -I- 3 
3 

3 
3 

1.000 2 

1. ChrO~9aa~Og., 30 (1967) 410-427 
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uz~~tienn Guts ffractkxns off &#krentr pollarities during the adsorption step resulted in a 
nunore su.uitabUe -fEstdmtiona off counn~mds h the gas chromatograms. 

Table I ~Inow~ the reco~-e~ off seven steroid compounds after aluminum chroma- 
~o,graqDnnJL 

The choice aff stitable interna.J standards For gas chromatographic analysis is 
still1 xnnder di_~~~~ion. Pw our experience, pregnanoIone could generally be used as an 
intennaI s%anda.rd in rourtine procedaares with satisfactory results; for the chromato- 
grap&y of dehydroepiandro&erone axn a QF-1 coIumn, testosterone was used. When 
teslto&erone and pregnanoBone are andysed, an additional chromstogram without 
internal standard bas to be perfcmned. In Table II, the retention times of fourteen 
steroids under the described cohmnn conditions are &ted. 

Fig. I showy the gas chromatograms of the silyl ethers of twelve steroids on 
XE-60. 

45 a0 35 30 25 20 n5 to 5 mi,, 

Fig. K. Chroa~natograaam off a s(lznrndarcU 8nnishurc of twelve steroids (TMSi derivative). SE-Go : Column 
cc~rndi~io~os as desdbcd wlrw.kr JlatcrMs. The nnnmmbcring of the fractions corresponds to the one in 
TabBe PII and is unilloran~ tRro1~gRaoub taPis paper. 

Fig. 2 shows ul1e gas chromatograsns of fractions z and 3 of a urine after 
ahmGnuu oxide chromatography and silylation according to the standard method. 

The IT-ketostteroids were found in fraction z (Fig. za), i.e. androsterone, dehy- 
drocpiandrosterone. etiocholanolone, as well as testosterone, pregnanolone and a part 
of rn-ketoandrosterone and ~tPlopregnanediol. In fraction 3 (Fig. zb), the I I-lceto- and 
1~-Pl_vdro_u\-r7-~e~osteroids, the progesterone rnetabolites pregnanediol, pregnanetriol 
and pregnanetriolone and the remaining alllopregnanediol and I 1 -1cetoandrosterone 
were observed. 

J. Chvomntog., 30 (1967) 410-427 
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(b) i( ,a:) ml lllrn 

Fig, 2. Chromatograrns of urinary steroids (TMSi ~clerivati~-e).. SU3-460.. 

13 

30 25 20 
I 
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5 

min 0 

_ 

5 
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,113 
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d’; 
c5,m.in ‘0 

In Fig. 3 the gas chromatogramsof ~epiandrostbexan~e ;~dcb~~(cmm~ce~;ao~~~rn~(c 
obtained with QF-I ancl XE-Go cqlumns are showm.. VS%tih Ml~e RnSe OE itlIne $&F-II ao&uunmxm,, 
dehydroepiandrosterone could be separated cleaaily ffrxzm ~e@iam~dlmosltanaxn~ ll%oacvar,, 

J, Chrotmzb~., 30 (1967) GIO-427 
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ikx t;liuiis. system,. epiandrosterone interfered with pregnanolone. Therefore, when QF-I 
C~~DUIIBJ~S: were used,. testosterone replaced pregnanolone as the internal standard. 

a”abSe 1x1 gives the results of dehydroepiandrostcrone estimations in the urines 
od ltezr~~ hearlthy adults.. The urines were treated according to the stand.ard method given 
iim~ tlI3e expetimental part. 

I[ 201 0.194 
2 nog I.09 

3) 222 2.3s 
-I! 208 2.08 

5) dp .,25 0.045 
6 I ..g,3: 0.017 
a 201 0.326 
s; q..n 0.257 
9’ ngl 0.296 

-no wn 2.60 

hn mder to’ compare different hydrolysis methods, pure steroids and urine 
wpkswere first: subjected to special hydrolysis conditions, followed by gas chroma- 
ttogliap~y.. 

20 ‘5 caj lo 5 min 

l!Qg,. 4,. CI!~~~~~ait;ograrns~ of urinary steroids (TMSi derivative). XII-Go. Decomposition of pregnanc- 
tto%d o~eu~redl adter 1-161’ hydrolysis (4b) but not after @-glucuronidase (4a). 

J. ChYOWltZtO~., 30 (1967) 410-427 
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In Fig. 4, the chromatograms of pregnanetriol in urine after hydrochloric acid 
hydrolysis (I) and after @-glucuronidase hydrolysis (2) are shown. 

Hydrochloric acid hydrolysis is a well-known method, often used according to 
themodification of VESTERGAARDASI) CLAVSSES =. Further alterations to this method 
have recently been examined by RUCHELMAS ASD COLE~, 

In the present investigation, partial decomposition of pregnanetriol and 
pregnanetriolone was observed. Peaks caused b- decomposition products wilI often 
interfere with the proper analysis of steroids. Therefore, this hydrolysis technique 
cannot be recommended for gas chromatographic analysis of steroids. 

This method can be recommended for glucuronides, as no decomposition was 
observed. 

P-GL7~.cM~~o~~id~~e~cotrtitlrror~s et/rer estraclion at pH 0.8 
A urine sample of one individual was esaminecl four times for nine steroids 

according to the standard method; the results are recorded in the Table IV. 

RESULTS OF REPEATED ABALYSIIS OF URINAR\- STEROIDS AFTER HI-DROLYSIS \\-lfW 

P-GLUCURONIDASE/CO~TI~UOUS ETHER ~_s~R~cmos 

The number of cspcrjrnents dots not allow a statistical comparison. 

Pregnanediol 152 
Androsterone 44s 
I~tiocholanolone 29s 
Dehydroepiandrostcrone r6S 
Prcgnanctriol 300 
I I -1ictoandrosterone JG$ 
J I-lietoetiocl~olanolone 160 

x I -Nydroxyandrosterolle r.$S 
I I-Hydro.syctiocholanolone i* 

IS0 

-ISO 
3-42 
I95 
312 
115 
I@ 
13-1 
102 

With this method, which is time-consuming, the recol-enof most steroids yielded 
the highest rates. Decomposition products did not arise. I-or these two reasons it was 
chosen as the standard method. 

Recovery experiments were made using dehydroepiandrosteronesulfate: The 
recovery amount of three esperiments was Sg “/;b -& 5 0;. Other esperiments to test the 
recovery of androsterone Ifrom androsterone glucuronide’ gave about the same values. 

P-Gkccuvonidasclld~~eil~~ic acid hydrol~~sis of the water phase 
Fig. 5 shows the gas chromatogram of a urine treated with &fucuronidase and 

then subjected to hydrochiloric acid hydrolysis of the water phase. The androsterone 
peak had a “shoulder”. 

* The androsterone glucuronide used in our cxpcrimcnts was not free of impurities. 

J. Ckromatog., 30 (rgG7) 4x0-427 



GLC OF URINARY KETOSTEROIDS ANI) PROGESTERONE METABOLITES 4.21 

The androsterone peak in aluminum oxide fraction z was collected with the help 
of a split in front of the %iame ionization detector in a 15 cm long and 3 mm wide 
capillary tube, the silyl ethers were hydrolyzed and TLC of the steroid in ethyl 
acetate-toluene (4: I) was performed. The thin layer chromatogram 
existance of an unidentified compouncl in addition to androsterone. 

revealed the 

6 
I 

-_) 
I I I 1 

35 30 25 20 15 10 5 
min o 

Fig. 5. Chromatogram of urinary stcroicls (TMSi derivative). SE-Go. Arrow points to extra peak. 

In all urines examined we have observed this peak which was overlapped by 
androsterone; it probably representecl a decomposition product, Nevertheless, this 
method seems to be suitable for all other steroids under investigation. 

Hydvolysis with helicase (p-~~alczcro7az’daselsl~~fatnse f~onz Helix Pomatia) 
No decomposition products were observed. This method was suitable for all 

steroids but some losses occurrecl by emulsification, Other losses may be attributed to 
the specificity of sulfatase for the $-configuration of the steroid sulfates. In a recent 
paper, VANDENNEUVEL~ proposecl a ten-fold concentration of helicase in order to avoid 
losses. However, with the helicase used here, very poor separation of the layers was 
obtainecl clue to emulsification. 

/3-Glzccacronidase/solvolysis pith sdfwic acid in ethyl acetate 
Fig. G shows the gas chromatograms of the aluminum oxide fraction 2 of dehydro- 

epianclrosterone after solvolysis of the sulfate with sulfudc acid-ethyl acetate and with 
sulfuric acid-tetrahyclrofuran 

Solvolysis with sulfuric acid in ethyl acetate yielded only 57 o/o, and an un- 
identified peak appeared in fraction 3 after pregnanolone. 

Since dehydroepiandrosterone sulfates were not completely hydrolyzed by this 
technique, it cannot be recommended for steroid analysis. 

J. C?WOMtOg., 30 (1967) 410-427 
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5 h.J I 
I :\ ,/4.-- 

u ,I 1 I , I I I I I I I 
n5 lD 5 0 25’ 20 

nrnh 
m TO 5 0 25 20 15 10 5 

min 
0 

(I&), [ bz)’ (a) 
R+g 6. Clb~romruauttc~g~u;Ilurms dtcxr sollvoUysis. o,f del~yciroepiandrostcrone sulfate (TMSi clcrix*ative). 
SE-60. ((a)) 62 ,qag d~~:allcoepia~ldts~e~one and 100 pg pregnanolone (100 o/O value) ; (b) I00 t&g 
dle@drwq~~~aIl~~~exr~~~e wa~Dliauber a~tlm;aR moo~,q pregnanolone after solvolysis with sulfuric acid-ethyl 
awrtite ((dn~~~~uo~ ~xklfc arhr~nxuto,grapliy (Fraction 2) and gas chromatography); (c) IOO !~g 
&Ah@k~~r~%e~~une swlilbde omd Too pg prcgnanolone after solvolysis with sulfuric acid- 
ttlrM~-&~tiunmm~ @tU~rmuiiuuwom~ amide chmmatography (fraction 2) and gas chromatography). 

~~~~~cna~irv~o~~~~~~~~~~~~~~~~~ w%i sztGf~tvic ncid in tetrah_vdvofacvan 
Inn cmnttsaLs;t Ito tiBne pmme&g procedure, the yield after solvolysis with sulfuric 

a~id-WknEn~dr~ff~~ wus allmost IOO o/O and no decomposition peak was found. 
E-bcwe~er, a&~em~ untie o~w~ soIlvoRyzed with sulfuric acid-tetrahydrofuran, decompos- 
irtbn COWXUUT~ ((Fiig. 7)) yii&Iiirrmg ~EII extra peak on XE-60, with the retention time of 

rl 
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dehydroepianclrosterone. Most of ,this xtnidentified stibstanae ~a5 IGIUII~ iin t&e 
aluminum oxide fraction 3 and a smaller portion iin tihe ialluniinu~ (&idle fk~c~lii~~ zz,, 
overlapping dehydroepiandrosterone. 

The dehydroepiandrosterone peak tin ~tiluniinum ~o&-le t&a&ion zz WELS; q@in 
collected, the silyl ethers were hydrolyzed .anilI@IX @f tihe stel;tii&l. WEE ~p.a&mme&L IJke 
thin layer ckromatogram revealed the gexistance (tif an ~utiidetit%ie6l c~cilsqpcirurr4l Gn 
addition to dehydroepiandrosterone. 

This method was suitable for the ,hydrdlyGis(tif :aill~Mhcr+kel;tii&. 

Solvolysis with fierclzloric a&? in ~tetrahydrojka~a 

Fig. 8 shows the gas chromatogram ‘of Lone lu~ine.sdl\trd~~~e8;aoaor~m~royplrr~.~~dl- 
ures (Sa) and (8b). Solvolysis according to iprocedure 1(‘8a) as ~pnoposed I& cWkn~mtt 

4 

6 

I I 

34 30 25 20 15 10 

(b) 

5min0 

6 

Fig. 8. Clwomrttogram of urinary stcroicls (XvISi clcrivative). ‘NE-Go. i(a) 5kil.vdl_y& mxl~ho~l a%t~:: 
(b) solvolysis method Sb. 

50 45 irb 35 30 25 20 15 10 5 0 

(b) 
min 

!( co 
rrrh 

Fig. 9. Solvolysis of a standard mixture of twclvc stcroicls with ~pardlilocic;ndi~iitlt~d~bcd~gr~~~~~~~~~l~ 
(T&R3 clcrivativc), (a) Aluminum osiclc fraction 2 ; (b) iiluminum lo?Citle Ifmctiicm .B. .lmawspii~ti tim 
extra peaks. 
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authors3~2’ was not applicable to urine since the perchloric acid concentration was 
found to.be too low and, as a consequence, recovery of steroids was poor. 

This method, although quoted in the literature, cannot be recommended for 
steroid analysis by gas chromatography. 

An increase in perchloric acid concentration (procedure 8b) gave a more satis- 
factory result; however, after this solvolysis additional peaks due to decomposition of 
tetrahydrofuran appeared (Fig. 9). 

In the gas chromatogram of the aluminum oxide fraction z, an additional peak, 
appeared between pregnanediol and androsterone; in the chromatogram of the 
aluminum oxide fraction 3, an additional peak was found between pregnanolone and 
pregnanetriol, impairing the separation of these two steroids. 

It was found that the extra peaks were the result of breakdown products of 
tetrahydrofuran in the presence of perchloric acid. The steroids themselves were not 
decomposed under the conditons used here. Because of the occurrence of tetrahydro- 
furan breakdown products, this method was found to be unsuitable for the analysis 
of! steroids. 

Solvolysis with ~5c~cl~Zomk acid in et&l acetate 
Solvolysis with perchloric acid-ethyl acetate has been used by other worl<ers30. 

EOG our purposes, the method was not suitable. 

40 35 30 25 26 15 10 
1 

9 

(b) min 
0 4bT3b 25 26 15 10 5 0 

(a> min 

Fig. IO. Cl~ro~~~atogran~s of a mixture of eight stanclarcl stcroicls (TlMSi clcri\-ativc). (a) J3eforc 
solvolysis; (b) after solvolysis. Arroiv.5 point to cstra lxalts and lost fraction. 

As-can be seen (Fig. IO), pregnanetriol and pregnanetriolone are decomposed and peaks 
aausediby decomposition products appear after peak 7. . 

Comparison of tltc diflevewt methods of ltydrolysis 
Among the five suitable methods of hydrolysis, four were chosen for comparison 

in! two, urine specimens. For most steroids the yield was best using the standard 
metliod,. followed by the helicase method, which gave also satisfactory results. 

The, sulfa&e containecl in the helicase preparation, however, is specific for 
liyd’rolysis of $&sulfates only. Androsterone sulfate is therefore not hydrolyzed and 

J/.. tZ?ivomafog., 30 (1967) 4 IO-427 



I II I itI 1 ffl 11 1 II In II Ill II Ill II [II II III 
Pregnanediol Androsferone IEHio- lDelhg&aw2fpii- Ip~idl Illl-Ketf@- llll-HkH@- Illl-HlfHdbua~- Illl-l!i~dira%y/- 

c h oll anoll one antbslf~a~ tDn~fr~Slfcenmrre &Gka/hdM& aIrdbStlelTalT~ eHibckal’aaal’cln@ 

Pregnancdiol ‘0.3 u o-32 

Androsterone 2..lug 3-2-s 

Etiocholanolone g-47 rr_n6 
Dehydroepiandrosterone 10. lug n_n6 
Pregnanetriol ‘vi7 0_32 
I I-Iietoandrosterone 0.2.5 0.~6 

II-Ketoetiocllolanolone ~O.s’O CO.~fiJ 
I I/3-Hydroxyandrosterone lt.OE n-n6 
II/GI-Iydroxyetiocholanolome 0.39 0. #S 
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peak overlapping the peak of androsterone (see above) an evaluation of the sulfate 
fraction of this steroid was impossible. The black columns in Fig. 11 indicate the 
proportions of steroids not split by /3glucuronidase, These consist mainly of sulfates. 
As expected, the largest proportion of sulfate was found in dehydroepiandrosterone. 
II-Ketoandrosterone, II-hydroxyandrosterone and II-hydroxyetiocholanolone also 
had measurable fractions not hydrolyzed by /3glucuronidase, which are possibly 
sulfates as well. 

Among the solvolysis methods only the method using P-glucuronidase with 
sulfuric acid in tetrahydrofuran can be recommended and on1.y if dehydroepiandro- 
sterone is not to be determined. 

CONCLUSIONS 

From our results, it may be concluded that for the gas-liquid chromatography 
of urinary 17-ketosteroids and progesterone metabolites the standard method (No. 3, 
P-glucuronidase/continuous ether extraction at pH 0.8) can be recommended as being 
superior to all other procedures tested. 

Some other methods, e.g. helicase or glucuronidase, give satisfactory results. 
Method 4 as well as method 7 can also be applied but not for the an.alysis of androste- 
rone or dehydroepiandrosterone, respectively. In our opinion, the solvolysis methods 
should not be used for the gas-liquid chromatographic estimation of urinary steroids; 
method 7 is the only exception. 
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SUhIJIARS 

A method using gas-liquid chromatography for the routine determination of 
I7-ketosteroids and progesterone metabolites in human urine is described, The 
method was used to evaluate ten different hydrolysis and solvolysis procedures. 
Wydrolysis with P-glucuronidase combined with ether extraction of the water phase 
at pH 0.8 was found to be the most suitable technique. Hydrolysis with helicase was 
also acceptable. 
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