
Journal of Chromatograp/ly, 96 (1974) 33-46 
@ EIsevier Scientific Publishing Company, Amsterdam - Printed in The Netherlands 

CHROM. 7503 

EVALUATION OF A GAS-LIQUID CHROMATOGRAPHIC METHOD FOR 
THE DETERMINATION OF URINARY STEROIDS USING HIGH-RESO- 

LUTION OPEN-TUBULAR GLASS CAPILLARY COLUMNS 

E. BAILEY and M. FENOUGHYY 

Medid Research Cotmrcil ffnit for Mctaholic Studies in Ps_vcItiurr~; Uniwrsit_v Department of 
Pswhiutr~, Afi~ic~I~~n-ood Hospital, P-O_ Box 133, SlwficId S6 I TP (Gwur Brituin) 

and 

J. R. CHAPMAN 

(Received klnrch ISth, 1974) 

SUMMARY 

A gtls chromatographic method is described using high-resolution opcn- 
tubular glass capillary columns for the simultaneous estimation of the follo\ving neu- 
tral steroids in urine: androsterone. etiocholanolone. dehydroepiandrosteronc, 1 l- 
osoandrosterone_ I I-osoetiocholanolone. pregnanolone. 1 lfi-hydrosyandrosterone, _ 
I I$-hydrosyetiocholanolone_ a//o-pregnanediol. prtignanediol, :I”-pregnenediol, 
pregnanetrio1 and cholesterol_ The method involves an ether extraction of the urine 
after enzymatic hydrolysis and the gas chromatographic separation of the steroids as 

their trimethylsilyl ether derivatives on a 50 m :-: 0.25 mm I.D_ OV-101 capillary 
column. Quantitation is eIl_ected by reference to the peaks derived from three mass 
internal standards added to the hydrolysed urine. Data are presented that SIIOW that 

the precision and sensitivity of the method are adequate for clinical purposes_ Es- 
periments using reference steroids demonstrated essentially quantitative recoveries 
and the specificity as determined by combined 33s chrom3togr~lphy-mtlss spectrom- 
etry was found to be satisfactory for eleven of these neutral steroids_ Preliminary 
studies using an auto-solid sampler and an automated gas chromatograph indicate 
that the method is readily amenable to routine application_ 

INTRODUCTION 

Gas-liquid chromatography (CLC) is one of the most widely used and ef- 
fective techniques for the analysis of hormonal steroids_ A recent and si&icant 
development in this field of biochemica! analysis has resulted from advances made in 
the prepnration of open-tubular glass capillary columns suitable for high-temperature 
analysis- Initially, attempts nere made to use stainless-steel capillary columns for 
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steroid anrrl_vsis’ but these were not entirely successful. Subsequent studies showed 
that c,lpilfarics made of glass were necessary if decomposition and adsorption of 
steroids at the nanogam and subnano~ram level wre to be avoided. The ditlicuft 
problem of preparing open-tubular ~fass columns coated xith thermostobfe stationary 
phases was first overcome by Grab’. Several reliable procedures for preparing these 
thet-mafiy stttble columns have since been dcscribed3-‘. When used with suitable 

injection systems. ~fass capillary columns can perform muIticompolient steroid 
separations at the submicrogmm level \\-ith very mwh greater resolving power than 
can be obtained with conventional packed columnss-‘u_ A number of investigators 
hsvc demonstrated thr:t the major neutral steroid metabofites extracted from human 
urine c;fn he effectively separated as their trimeth_vlsilyl (TMS) ether or 0-mrth~f- 
osim~-trimethyfsilyl ether (MO-TMS) derivatives on open-tubular glass colunms 
coated \vith non-polar stationary phases’U-15_ 

In ~1 previous paper Ros and Son~merviffe13 described 3 metflod for the simuf- 
tancous estimation of 27 neutral steroid mctabofites in human urine as their MO- 
TMS dsrkn:ivcs on open-tubular glass columns coated \\-it11 the stationtlry pfwsc 
OV-101 _ Tlrc method \vxs ewfuated for precision and spcciticity t-or the determination 
of 1 S of these compounds but no data \vt‘re given rcfatin, “ to the accL!racy 0 f the assay 

procedure_ It is often stated that accurxc qurmtitntive results are ditlieuft to obt:iin 
with open-tubular cofu~m~s_ Tfx purpose of-this study was to dcvcfop ;1 refiablc quan- 
titative method tlx rhc simultaneous detern~ination of the major androgcn and pro- 
*lestcrone mstrlbolites in urine that \Y;XS suitsblc for routine application. 5 

XlATER!XLS AND METHODS 

Rekrence steroid compounds wert’ purchased from Sterafaids (Croydon, 
Great Britain) and their purity checked bx GLC and gas chrom3to~rapliy-mass spcc- 
trometry {CC-MS)_ All solvents \vere obtained From BDH (Poole_ Great Britain) and 
were of AnalaR grzde_ Hesane W:K. \vasfwd ivith concentrated sufphuric acid and 
axter. dried over anhydrous sodimli sufphate. and rcdistilfcd. Dieth_vf ether \V:K re- 
distilled twice before use. Thr purity of these solvents was checked by GLC_ 

Bis(trimcthylsilyf)acetamidc (BSA)_ trimethyfchforosikme (TMCIS). and hesa- 
methyfdisilazane were obtained from Pierce. Rockford. Ill.. U.S.A. 2-Chforo-1 .I .1- 
trifuoroethyf methyl ether was obtained from Ffuorochem. Gfossop. Great Britain. 
The juice from Hdi\r pomnriu ( lndustrie Biofogique Francake_ CenncvifIiers. France) 
contained 100,CGO units of+gfucuronidase (Fisherman) and 500.000 mlits of suIpha- 
tase (Roy) per miffifitre_ 

Proc-c&we 
24-h urine samples were collected and stored at -20’ until analysed. A 4-ml 

afiquot of urine was adjusted to pH 3.5 with dilute acetic acid_ 0-S ml of 1 :\I sodium 
acetate buff&- (pH 4-S) and 0.04 ml of Helix ponzafiu cstract \vere added and the so- 
lution incubated at 37’ for 4S h. 4tlg of each of the three internal sttmdards. 1-i:. 

epietiocholanofone. 5wnndrostaw3y;. i7Pdiol and epicoprostanof, were then added_ 
and the urine extracted twice with 20 ml of dicthyl ether. The combined ether es- 
tracts \vere \vshed t\\ice with Z ml of3 11’ NitOH rtnd twice with 2 1111 ofdistilled water_ 

dried over anhydrous sodium sufphate and evaporated to dryness on a rotary vacuum 
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evaporator. The dried em-act was transferred \vith methanol to a screw-capped tube 
with a PTFE-lined cap. and then taken to dryness under nitrogen. 

The TMS ether derivatives were prepared by dissolving the extract in 0.1 ml 
of chloroform and reacting for I h at 60” with 0.1 ml of BSA and 20 ICI of TMCIS. 
The reaction misture was taken to dryness at 60” under dry nitrogen and finally taken 
up in 0.4 ml of lxxtmc_ 41’1 of this solution was taken for mialysis by GLC. 

GLC 1~3s carried out on ;I Pye Unicmn Series lOa_ Model 6d. gas chromato- 
graph (Pye Unicnm. Cambrid+ Gre:tt Britain) equipped with dual ilan;e ionization 
detectors. In order to prevent possible thermal decomposition and component loss 
during ttnalysis_ a11 all-glass system was used. The stainless-steel detector inlet pipe 
NXS replaced by Y S-cm length of( I,!16 in. 0-D. :-’ 0.5 mm 1-D.) glass-lined stainlcss- 
steel tubing (Scientilic Glass En$neering_ Melbourne_ Austmlia) and this \v;ls 
terminated in the GLC ovc11 by a Swag&k T-union. An ancillary llo\v of argon \v;ls 
added at the outlet end of the coi~1m11 via the T-union in order to eliminate “dead 
volume” e!Kxts in the detector pipe and also to obtain optinlum condirions for tbc 
tlame ionizarion detector. Samples were injected without splitting into the capillary 
COIUI~~IL v.%h a11 all-glass solid injection syste-m_ This injector_ \vhich is based cl11 the 
device used in the analgis of steroids on packed columns It’_ is illustrated in schematic 
form in Fig. I _ Tbc inlcr end of the column axs connected to the injection system by 
IIIC:~IIS of ;L Gaslok connector (Scientific Glass En$neering). A similar connecting 
system using :I PTFE set11 NX used to join the outlet of rhc column to rhc SNX+~~ 

I_ Cukk re!ease 

bung 

c Gastok tktirq 
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T-union. The injection tube was a l-cm-long thin-walled glass tube (2.5 mm 0-D. 
x l-5 mm I.D.) open at both ends. Attached to this was a 3-cm-long sealed capillary 

tube containing a metal pin_ The injection tube was held on a magnet while the 

srtmple in solution was injected into the tube from a IO-$ syringe and the solvent 
evaporated under a stream of dried nitrogen. The injection tube was then transferred 
into the top of the injection system by the magnet and held there until the quick 
release bung (Pye Unicam) had been replaced and the column flow conditions allowed 
to stabilize_ The mnsnet was then removed to allow the injection tube to Fall into the 
flash heater zone of the gas chromatograph_ After completing the chromatographic 
analysis_ the injection tube was removed From the injection system with the ma_gnet_ 
The purpose of the needle vaIve connected to the quick release bun2 at the top of the 
injector was to purse the system with a constant stream of approsimately 4 mljmin 
of Gw-icr ps_ 

The glass capillary columns (50 m :- 0.15 mm I.D.) \vere dra\vn from 2-m 
Ienghs of pyres tubing (7 mm 0-D. ‘--. 2.3 mm I.D.) usincr ~ an apparatus similar to 
that designed by Desty and co-workers’?_ Prior to drawins and coilins the columns_ 

the tubes xvere leashed with 53;5 aqueous sodium hydroxide. distilled water. methanol. 
acetone and dried under vacuum. The inner surtke of each capillary v.x ctchcd 
withfaseous hydrogen ff uoride Formed from the thermal decomposition of 2-chloro- 
1_1.2-trifluoroethyl methyl ether, and then silanized in the g-ascous phase using a 
mixture of hesamethyldisiiazane and TMCIS according to the procedures of KovotnQ 
and TesafW_ The column was then heated in a GLC oven for IS h at 200 \vith a 
helium tlow-rate of 1 ml:min_ The coating of the column tvith stationary phase \\-a~ 
carried out in t\vo steps usin, = the dynamic method. I ml of :I 1 ‘I,, (1v.v) solution of 
OV-I01 in chloroform contained in a coating reservoir was forced through the colu~nn 

with nitrogen at a speed of 1 cm/src_ After the coatin, cx solution had Icft the column. 

the nitrogen Ho\\- was increased and maintained for se\-era1 hours to dr_v the solvent 
off the column_ The column was conditioned For IS h at a temperature that xvas 
initially programmed at OY/min from 50- to 200 rend with a helium tlwv-rate of-l 
ml.!min_ The above coating procedure was then repeated using 1 ml of a 7”‘. (\v’v) 
solution of OV-101 in chloroform_ The column \vas finally conditioned For 4S h at :I 
temperature which \vas initially programmed at O--D ‘--!min From 50. to 290 and \vith 
tt helium fio\v-rate of 1 ml_!min_ 

The efficiency of the columns for woctacosane determined at Z-l0 ranpcd 
from IS00 to 2200 theoretical plates per meter_ The GLC tracings illustrated in the 

text lvere obtained on a 50 m ..’ 0.25 mm I.D. COILII~~I~ which had an ctlicicnc~- of 
98,000 theoretical plates. 

Oprrarin_g conditions 

The injection tube containin, n the extract \vas introduced into the tlash heater 
zone of the injection system. which was maintained at ~1 temperature of 280 _ Atier 

2 min the column was programmed at 32 ‘jmin From 150: to 190 _ and then at I imin 
to a final temperature of ZS05. The carrier gas flow-rate at 100 was Z ml~min and the 
ausillary argon flow-rate to the detector x;1s 30 ml~min. The detector temperature \Y:LS 
300’ and the hydrogen and air flow-rates to the detector were 30 and 220 ml/min, 
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respectively- The amplifier attenuation was IO- I* A The GLC tracings were obtained _ 
on a two pen Telsec 700T recorder (Telscc Instruments. Oxford, Great Britain) set 
at 20 and 50 mV and with a chart speed of 20 cm/h_ 

Gas dtrotttalograplty-tttass spcc-It-otitett;~- 
This was carried out using an MS-1073 double beam_ double focusing. mass 

spectrometer (AEI Scientific Apparatus, Manchester, Great Britain) interfaced to a Pye 
Unicam Series 104 gas chromatograph with a single-stage membrane sqm-atoP. 
The column and operating conditions \vcre the same as used in the GLC assay. An 
additional heliuril gas stream of 15 ml/min was introduced at the outlet of the column _ 
vi:: ;I Swagelok T-union to optimize tlow conditions in the separator_ The mass 
spectrometer operating conditions Lvere 3s f-ollo\vs: nominal electron energy_ 70 eV: 
ion source temperature. 200” : membrane separator tempt’t-tltut-e, 230‘. 

The steroids eluted up to and includin g 1 I-osortiocholanol~~~ie \vere qutuiti- 
tated usins the mean peak height measurements of the two internal st:mdards rpi- 
ctioch~~,irtnoionr and Sc:-3ndr~~st3n-3f;_ 171%dioi_ The remaining steroids \verr’ quanti- 
tated using the mean peak height measurements of the t\vo internal standards k- 
androstan-3fi. 17+diol and epicoprostanol. The amount of steroid excreted per 21 h 
\\‘a~ c;llculated from the folio\\-ing equation r 

Steroid escreted (mgi14 111 T- &- - & - G-- - & 
I 

where 5 ..---; peak height of steroid in the twrxct: IS ---= mean ptxk height of two 
interntil standards in the extrxx: _Y = ;g of internal standard added I VI == urine vol- 
unle in miliilitres ttlken for analysis: I’ =r 24-h urine volume in millilitres: and ttl ~7 
calibration constant. Tht cxlibmtion constant 171 in the above eqwtion NXS dcter- 
mined for each steroid by anal>-sin, ‘r a series of standtud rctkencc steroid mistures 
containing from 0.5 to S ,ug of each steroid. The reference steroids wart’ added to -I-ml 

aliquots of distilled \vater and then taken throu@ the assay procedure_ Calibration 
curvt’s wrt‘ drawn for ench steroid by plottins the ratio prnk height steroid TMS: 
average peak height of t\vo internal standards tlginst \vcight ratio ,~lg steroid:!rg 
internal standard. The calibration constants were calculttted from the slopes of the 
curves. 

RESULTS 

Table 1 lists the trivial_ systematic and abbreviated names ofthe neutral steroids 
determined in the asst~y, together \vith the three internal standards used for qunnti- 
tation- The mcthylenc unit (MU) values of the steroid TiLlS ethers measured under 
temperature programmed conditions*9 are also given in the tnblc. as are the calibra- 
tion constants for these compounds_ The gas chromatographic separation of an 
authentic steroid mixture sfter TMS ether formation is shown in FiS. 2. Each steroid 
peak corresponds to 40 ng injected into the column. The calibration curve for each 
steroid NX linear and passed through the origin. Three typical curves are illustrtited 
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kBLE I 

U VALUES XND CALIBRATION CONSTANTS OF STEROID TMS ETHER DERIVATIVES 

ic-id nutttc 

:pietiocholanolone 
ldrostcronc 
iocholanolone 
-h~droc‘pitlndrost~r~~Ile 
-0soandrosterone 
-0soetiochoIanolone 
w-Xndrosrrtn-$;.I ‘jiikdiol 
cgnanclonc 
i2-Hvdr~s?randrcr?;ter~lIle 
i;-Hvdros_\-etiochol;Ino(one 
‘u-Preganediol 
egnrmediol 
-PreSnenedioI 
egnztnerriol 
:picoprosranol 
~oksterol 

- Dmora inrcmal srandards. 

S_mrcttturic- ttutttc* 

3i;-H\-dro.~~-5~;-lndr~~s~n-17-ont 
il(-H?rdr~~s~-5r~-nndr~~st3n-17-one 
3rc-Hydrosy-S;Candrostan-17-one 
j;tH~dros~-5-androsten-17-onc 
j,(-H~dros~-5fc-3ndmstan-l I .17-dione 
j,(-H~dros~-~~;-;-3ndrostan-I l.l?-dione 

c-Et 
An 
El 
DHA 
O-An 
O-Et 
An-D 
Pn 
H-An 
H-Et 
it-Pd 
Pd 
t’-Pd 

-I% 
c-C0 
Ch 

St_15 - 
2437 1.01 
24-7-I 0-Y 6 
25.16 NY 
5.37 0.x1 
3.45 Q.SO 
16.13 
16-43 036 
16.7 1 1 .OY 
26.92 035 
‘7.67 I .OY 
17.75 1 .oo 
-. ‘r: ._ :T - O.Sl 
IY_16 0.7s 
2025 
30.90 0.86 

s-Pd H-AC, 

I 

& 
t I , t * 

min 704 96 80 72 64 56 48 GO 32 24 16 8 0 

Fig_ 2_ GC tracing of an authentic steroid misrure as TMS elhrrs. 
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OS 1.0 1.5 2.0 
Relative concentntion 

Fig_ Lc sho\vs the recovery from water and added cnzyne of an attrhrnric srandard 
mistttrc contttining 4jcg of each steroid. A comparison of this tracing with that ob- 
tained from the dirccf analysis of a mistttre 
sho\vs :I nttrnber of addik~nai peaks. \vhich 
paration. 

of authentic steroid TMS ethers (Fig. 2) 

arc mainly derived from the enzyme pt-e- 

mm 704 96 88 80 72 64 56 40 40 32 24 16 8 0 

TIlc accuracy of the method was determined by carrying ottt replicate anal_vses 
on authentic steroid mistttres added to \v;tter and to ;t single 24-h ttrinc specimen. 

The amounts added are equiu:llent to 0.25 mg and 1 mg of each steroid contained in 
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;i 24-h specimen with a urine volume of - 7 1. The corrected mean recoveries and stan- 
dard deviation For each steroid taken through the assay procedure are given in Tabie 
1 I. The mean recoveries for all steroids from lvater ransed from 9 I.8 to 109.4 x, and 
iiom the urine specimen raned from 90.3 to IOS_5~j;;_ The absolute recoveries oi 
added steroid from water and urine ranged from S4.6 to 97.3 ‘?;,_ 

T-ABLE I1 

CORRECTED RECOVERIES OF REFERENCE STEROIDS ADDED TO 4-ml ALIQUOTS 
OF WATER AND l-ml ALIQUOTS OF X SINGLE X-h URINE SPECIMEX 

Recover& are expressed as a nxm of sis rcplic;ttc determinations. 

Androsteronc 

Etiocholanokme 

Dehvdroepiandrostcr~~t~~ 

1 I-Osoandrosterone 

ulI~+Pregnanediol 

Prsgnanediol 

I’-Pregnenediol 

Pregnmctrioi 

ChoIestsroI 

97.1 
105.6 
96.7 

10-G 
96.6 

101.1 
93.1 
Y-t.6 
96-7 
055 
90.3 
YY.3 
Y3.S 

103.7 
96-S 

105.5 
100.7 

I Oh.’ 
Y Y_Y 

IO-I.6 
9s.s 
YY.7 
SY.7 

ss.5 

101.6 
IOS.5 

3-6 
2.4 
1.’ 
1 .-I9 
1-4 
7.7 
6.3 
7.1 
3-Y 
53 
2-S 
1.7 
5-Y 
6-S 
3-7 
1-s 
5-3 

- 1 3-7 
3.0 
3-7 
5.3 
6.S 
3-6 
7-Y 
S-1 

10.6 

The precision of the method was evaluated according to the method of Snc- 
decor’“_ A series of urines as anaIysed in duplicate and the standard deviations from 
the meatzs were calculated from the formula, S-D_ =-- 1 ~X1’/2 X where (I =- dill-erence 
between duplicates and A’ is the number of duplicate determinations_ The results are 
presented in Table ill_ 

Specitic studies were not conducted to determine the sensitivity of the method_ 
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However, the assay has been used for the quantitation of steroids whose mean urinary 
escrelion Ievels are as low as O-10 m@4 h (e-g_ 1 I-osoandrosterone) without any 
obvious loss in precision (see Table I1 I)_ Thus, it is apparent that the sensitivity is not 
a Iitniting f_tctor at least dolvn to this level. (A urinary excretion of 0.10 111pj24 11 
corresponds fo approsimately 2-3 n, u of the derivatized steroid injected into the 
column.) 

TABLE 111 

PRECISION OF THE METHOD FROM ESTIMATES OF 20 DUPLICATE DETERMIX-X- 
TIONS 

Ste,rd RCW’P fnzeiY 12) S. 0. (1w:i3 I! j _- _. I . 

.L\ndrostcrrotw OS I-7.03 0.0s I 
Etiocllolanolonr 1 _ 10-134 0.092 
Dch\;dr~~rpirtndrost~r~~:~~ 0.1 z-059 0.02’) 
I I-Osoandrostcronr 0.07-O. I Y 0.067 
1 I-Osoctiacholanolot~e 0.x-0.79 0.0-l-i 
Pregnrtnulonc 0.07-0.31 O.O/’ 
1 I;;-H~droxvondr~steronc 0.6% I.49 0.01’ 
I Iii-H~dros\-rtiocholanoIonc 0.05~0.39 0.03-I 
[r/k,-Prr‘gnan~Jiol 0.03~0.69 WI-G 
Prtxpanedial 0.77-2.65 0.0 13 
t5-Pre~mznrdiol o.os-0.43 OS)611 

Pre_nanctriol l).zJ- I.55 O.OSY 
Chokstrrol 0.3 I - I .‘I6 0.0s 1 

_. 

Spcc~jic-iI1 

A;I ;~SSCSSI~CI~~ of the spcciticit_v of the method has been made by combined 
GC-i\lS of a number oftstrrtcts. Scans taken over the peaks have not so far indicated 
an_v impuriries unresolved from any of the internal standards and all but two of the 
urinary steroids. These steroids, viz. 1 I-osoandrostcrone and _l”-pregnenediol. have 
in generttl not been present at a high enough level to allo\\- a satisfactory assessment of 
their purity in the esttxcts by scanning. 

dpllicuriorr 
Fq_ 5 shows a typical CC tracing from a normal urine collrcred on day 20 

of the menstru;tl cycle. and Fig. 6 shoots a similar tracing from :I normal adult mt~le 
urine. The mean steroid escretion values determined in twelve normttl male and t\venty 
fem:tle subjects are presented in Table IV_ The variation in escrerion of three of rho 
urinttr_v metabolites of progesterone, ri-__ pregnanediol. cello-pre~tlanediol and preg- 
nanolonc. in a patient lvith pt-e-menstrual tension syndrome is illustrated in Fil. 7. 
Urines \vere collected and analysed from day I3 of the menstrual cycle and throu$out 
the \vhole of the follo\ving cycle. From day 15 to day 25 ofthe second cycle, the patient 
received ;I daily dose of200 mg of progesterone administered rectally ;ts supposirories. 
A number of blood samples \vere taken during both menstrual cycles for the deter- 
mination of plasma progesterone levels_ The increase in plasma progesterone and 
urinary excretion of the three urinary progesterone metabolites during the luteal 
phase of the first cycle suggest ;t normal ovulatory cycle. The administration of pro- 
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Pd 

1 - 
min L I 

-ICC 96 88 80 72 64 56 SB SO 32 24 16 8 0 

f-r-stc-ronc for the trcarme-t~t ofthc prc-menstrual tension symptoms rcsultt’d in :t rapid 
incrsssc in thr- plasma proqstwone levels with an expected incrmse in each of the 
urinary pro~_rsterone metabolites. Fie. S shoas :I GC trrtcins 1-ronI this patimr‘s 
urine cokcted on the t-wrth day of progestemnc therapy 

co 

min 1 ..,.,, I. -Lt 
104 95 88 80 72 64 56 48 40 32 24 16 8 0 

Ch 

Lll /i 

Fig_ 6. ;\ typicai GC trxing from a normal ad& male urine. 
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TABLE IV 

URINARY STEROID EXCRETION (mgWh) IN NORMAL WOMEN DURING THE 
FOLLICULAR AND LUTEAL PHASE OF THE MENSTRUAL CYCLE AND IN NORMAL 

Days of cycle 

7.03 I .06-3.2’ 
2.52 1.17-4.s; 
0.35 0.10-0.6s 
0.10 0.03-O. I7 
O.-G! 0.20~a70 
0.11 0.06~0.X 
0.30 0.27~0.52 
0.3 I 0.0s-3.77 

0.11 OBS-11.72 
()_-I3 WS-0.63 
0.3s 0. I7-O.SY 
0.67 o._z-o_w 
0.67 0.3% I .S6 
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I 
min t I I , 1 I , I 1 1 t 

104 96 88 80 72 64 56 48 40 32 24 16 8 0 

A numhcr of aitcrnativr methods have been dcscrihcd in the litcraturc for 
preparing \vtlIf-coated open-tubular glass capillary columns suirabk for steroid anrtf- 

ysis’ -7. Th~ae methods di&r in the procedtm used l-or tnc~diIj%tg the inner wlls of 
the column and the technique for co&n, ~3 \virh the stationary phase. An initial trat- 
mat of the capillary is necessary both to deactivate the I ~*f;tss surface and also to 
promote the deposition of a homogeneous film of phase on the capiff~~ry ~vrtff. The 
etchin and chemical surfitcc moditication method rccommcndcd by Nowtn$ and 
TesafP f-or preparing non-polar co!umns KIS fomid to ~ 4ve reliable and reproducible 
columns coated with the stationmy phase OV-fOl_ The plate rfficirncy of these 
columns was increased when the dynamic coating procedure \vas carried out in t\\-o 

steps_ Columns prepared in this KI_V have been in contimwus LLSC for periods of WCI 
tight months xvith no mwsurabfe deterioration in prrFormance_ 

The introduction into capilfary columns of samples containin% only sub- 
microgram amounts of high-boiling-point compounds. such as drrivatized steroids 
dissolved in voltitife solvents, cannot be satisfactorily accomplished ivith con~t‘n- 
tionaf splitting svstems_ In order to overcome this problem. ;1 number of improved 
injection devices have been developed’-‘j-‘I-“. The all-glass solid injection system 

-described in this paper is both simple and effective. Steroid sampfcs can bc injected 
quantitatkely from dilute solutions without loss of column cffkisncy. Dead volume 
efkts in the injector were eliminated by usin, ‘3 the principle of direct sampling without 

splitting devefoprd by Grob and Grab’. Durin g injection ofthe dried sample the cof- 
umn WIS maintained at ;I temperature of 150”. which is low enough to trap and con- 
centrate the high-boiling-point components at the be@nning of the column. High- 
resolution separations were then obtained under temperature-prog_rammrd conditions 
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after the column had been initially heated rapidly to 190”_ Non-volatile components 
present in the urine extracts are retained in the injection tube. This protects the in- 
jection system and column from contamination, thus preventing possible absorption 
and decomposition of steroidal components and loss of column resolution_ The 
injection system cm easily be removed for cleanin g but this was only found to be 
necessary at 3-G-week intervals. 

The accuracy of the method is dependent on the use of mass internal standards 
that compensate for losses during work-up of the urine. and in sampling_ column 
and detector vari;~bles of GC. The choice of internal standards is limited to steroids that 

do not occur naturally in urine. Ideally they should beelutcd near to and have physico- 
chemical properties sirnilxr to the steroids being quantitated. It is also imperative that 
the standards are resolved from both steroidal and non-steroidal components contain- 
ed in the urine estract. In 3 multicoiiipone:it analysis involvin, ‘7 the siniulttincous esti- 
mation of relativclg Irtr~e numbers of steroids_ all of these rstjuiremcnts cannot ndc- 
quatcly be satistied. Nevertheless. the ~1st’ of the three inrcrnal standards in OLII- 

msthi. \vhicli ;tw elated at the bc$nninzx, middle and end of the progammed anal- 
ysis, is :L compron~ise that has proved to ~ 4ve acceptable results. 

The GLC tmciu~s illustrated in this paper were obtained with :I single-pen 
potentiometric recorder_ For routine analysis a two-pen instrument ,v:~s Llsed_ This 

had the sdvaut:t~e of recording 011 t\vo voltage channels set at dilkrent sensitivities 

tmabliug those urinary steroid components present in hw concentration to be detrr- 
mined \vith greater accuracy_ 

The sensitivity of the MS1073 nx1ss spectronaxcr used in this study enabled 
spectra to be obtained from a peak containing as little as 10 ng of the steroid deriv- 

ative_ Ho\vevcr_ :I satisfactory assessment of pet& homo~rneity could not be ob- 
tained from scans on such small mnounts. A better method \vould involve the quanti- 
tativc 11x1s~ spcctronwtric determination ofthe low-level steroids in a number of urines 
by a specitic sin+peak monitorin, *x technique md comparison of these results \vith 
thaw obt:lined using the tkune ionization dstcctor. 

The use of :t data system together u ith the IIXLS?; spectrometer considerably 
raiuces the lahour of data :wquisition and coniparison of qxctra of this procedure 
is now being used to examine fwthcr urine cstracts. In addition to providing data on a 
peak honu~~eneity. the mass spcctronwtrr is also providing information that will 
help to rstablish the idanit? of :I number at‘ unidentitisd steroid conlponents present 
in the chroiiiatogrtliiis. 

With r cgard to the practicability ofthc nrethod_ this is limited by the number of 
urine an-acts that can be gas cllrom:ucl~r:lpl~ed in ;1 \vorking day. Since no time- 
consuming puri!ication or fractionation steps al‘t in\olved in the assay. it is possible 
for onr technician to atract mid dsrivatize 30 urines :t day. but onI!> live extrxts 
can he tmaI_vsed in this time. Eo\ve\-er_ preliminary studies using ;I moditird Pye Uni- 
c;lnl auto-solid injector \vith a Pyc IJnicmn Series 106 :lutou;:ited ~3s clironiatograph 
indicate that it should be possible to assay routinely IOG urine sprcinwns per week. 

Data presented sho\~s that the precision. wcuracy, rprciticity and sensitivity 
af the method is satisfactory a11d that the assay is suitable for routine clinictll appli- 
cation. Individual urinary steroid V~ILICS obtained for nonu:~l uwu and nornml \vomen 

during the follicular and luteal phases of the memtrutll cycle tu-t’ co~qxlr~tblr with 
published \nlues obtained by other methods. 
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