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DETERMINATION OF INDIVIDUAL 17-KETOSTEROIDS 

B’Y, GRADIENT ELUTION CHROMATOGRAPHY 

D~xGnnr~x;s~ cl nl.1 were first to describe a method of quantitative analysis for the 
major individual urinary I7-ketosteroids in micro amounts by use of alumina as an 
adsorbent and benzene, containing increasing concentrations of ethanol, as eluent. 
Subsequently, a number of adsorption methods were clescribecl in which various 
adsorbents ancl eluents were employed”-“, but, in general, the overlapping of various 
fractions limited the efficiency of these procedures. This cliffkulty was overcome to 
some extent by the use of partition columns by JONES AND STITCH~‘, who used nitro- 
methane on silicic acid columns as the stationary phase, and later by EDWARDS 

AND I<ELJ_IE*, who employed aqueous sodium acetate solution on silicic acid for the 
separation of the glucuronicles of urinary steroid ketones. WILSOX et a,?.” achievecl 
the separation of urinary corticosteroids and C,, steroicls on a micro column of 
aluminum silicate with 50 O/~ ethanol as the stationary phase by use of a “stepwise 
graclient” of hesane containing increasing concentrations of chloroform. 

A major improvement in the analysis of individual I7-ketosteroicls was accom- 
plished by LAKSH~X~~N~~X AND LIIZBIZRWW l”vll, through the use of graclient elution, 
which eliminates much of the “tailing” inherent in adsorption methods. KEI_LIE .-\ND 
WAD+ have recently described a verv useful application of the gradient elution ” 
principle to the DIZU’GEILIAXSI~ method, in Which a relatively simple device was used 
for producing the desired graclient automatically. 

The development of a method in this laboratory for the determination of in- 
dividual adrenocorticosteroicls on water-impregnated silicic acicll”t14 prompted us 

to investigate the possibilities of adapting this method to the fractionation of I7-keto- 
steroicls. The gradient elution methocl described has the advantages of employing 
simple apparatus and lencls itself well to completely automatic operation. 

METI-IODS 

I. Cohmn chromatography 

Just prior to packing a column, 7.5 ml of water, or 7.5 ml of water ancl 1.5 ml of 
methanol is added dropwise to Go g of silicic acid while grinding it in a mortar. Since 
the water content of commercial silicic acid (Merck) as determined by heating several 
x-g samples for 3 h and reweighing immediately, was found to be 15.s i_ I %, this 
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gives a water content of 25 %. This mixture is then suspended in water-saturated 
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petroleum ether. The column is packed, and fractions of 400 drops each are collectecl, 
as described in the adrenal steroid method 1% 14, Gradient elution by petroleum ether, 

containing increasing amounts of methylcne chloride, is effected by delivering the 
water-saturated solvents from two separatory funnels, mounted one on top of the other. 

2. Quantitative estimation 

The individual fractions, collected in test tubes, are allowed to dry and then IO ml 
of 95 o/o e&an01 is added to each tube. A s-ml aliquot is withdrawn and set aside for 
subsequent identification by paper chromatography. The remaining aliquot is dried 
under vacuum at 40” in an automatic test tube evaporator. The driecl residues in 
each tube are then analyzed by a modification of the M.R.C.1” method of I7-ketosteroid 
determination. The moclification involves the use of ascorbic acid-protected ethanolic 
2.5 N KO1-I and development of the color at o” for 3 hl”. Calibration curves are 
determined for each compouncl* since they show an appreciable difference in response 
to the Zimmermann test. 

3. Pnper clwomatography 

Identification of the fractions is based on paper chromatography with the solvent 
systems methylcyclohesane/propylene glycoll’, ligroin/propylene glycolls, ancl 

benzene-cyclohesane (I : I)/propylene glycolll’. 

RESULTS AND DISCUSSIOSS 

Fig. I illustrates the fractionation obtained with the silicic acicl column of 25 y. 

water content. It was found that ?:he separation is equally good with the commercial 
silicic acicl to which the necessary amount of; water is acldecl and with the acldition , 

TUBE NO. 

Fig. I. Fractionation 0C I 7-ketostcroicls (100 y of each) on a silicic acid column containing 25% 
water. Absorbance at 530 m/e after Zimmcrmann reaction. 

l Standard compounds used : 3a-hyclroxyanclrostan-r 7-one janclrosteronc, A) ; 3a-hyclroxy- 
anclrostnne-1 I, I 7-clionc (I I -kctoanclrosterone, I I -ISA) ; 3~. I Ip-clihyclroxyandrostan-I7-one (I I- 
~~~&ox\~anclrosterone, T I -HA) : 3c+hyclroxyctiocholan- 17-one (etiocholanolone, E) ; 3a-hyclrosy- 
etiochoianc-1 I, I 7-clionc (I I -kctoctiocholanolonc, Il-KE); 3a, I I /I-clih ydrosyctiocholan-I7-one 
(I I -l~yclro.xyetiocl~olanolone, 11 -EIE) ; 3/3-chloro-A”-anclrosten-r 7-one (chloroclel~yclroepianclro- 
sterone, C1-bH.A) ; 38-hydroxy-dG-androsten-r7-one (clehyclroepiandrosteronc, DIIA). 
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of water to silic acid dried as described. All I7-ketosteroids used were completely 
separated, escept II-KE and II-HA. Separation of these two substances is achieved 
by the use ?f 7.5 ml of water and 1.5 ml of absolute methanol per 60 g of cokmercial 
silicic acid (Fig. 2). This shifts the position of the elution peaks and somewhat decreases 
their sharpness, but there is no change in resolution. Repeated chromatograms have 
shown only minor variations in the position of elution peaks. 
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Fig. z. Fractionation of I 7-lcctostcroids (IOO y of each) on columns of Go g silicic acid plus 7.-j ml 
of water and I .5 ml of methanol. Alxorbancc at 530 rnp after Zimmermann reaction. 

Recoveries of each of the standard compounds, calculated with reference to 
individual calibration curves, are 95-100 oh, but lower for the mised zone of I’I-KE 
and II-HA. 

A number of esperimental conditions were varied in order to test their effect 
on separation. In these esperiments Cl-DHA and DHA were not included. 

I. Stationary phase of methanol-water (2:~) 

1~ preliminary esperiments with 45 ml of this stationary phase per 60 g of dried 
silicic acid, partial separation of androsterone, etiocholanolone and their respective 
II-osygenated derivatives (II-KA, II-HA, II-ICE, and II-HE) was obtained, but 
elution occurred in the first 40 tubes, Decrease of the quantity of stationary phase 
to 40 ml greatly decreased the flow rate of the solvent. With 30 ml of the stationary 
phase, flow stopped altogether. An increase to 55 ml increased the resolution some- 
what, but all the steroids were still collected in the first 40 tubes. An attempt to 
improve the resolutipn by starting the elution with pure ‘petroleum ether and con- 
tinuing the gradient elutibn by introducing a methylene chloride-petroleum ether 
misture (7:3), instead of pure methylene chloride, was unsuccessful. Changes in the 
ratio of methanol: water to 4: I and I : I caused the zones to coalesce and vitiated 
the partial resolution achieved by the 2 : I ratio. 

2. Propyl alcohol-watsr (2:~ j and ted.-butanol-water (2:1) 

Changes in the polarity of the stationary phase by substitution of ?z-propanol and 
tevt.-butanol for methanol resulted in each case in the elution of all six compounds 
in two peaks in the first ten tubes. 

J. Clwomalog., 4 (1960) 446-450 



DETERhIINATION OF INDIVI?UAL 17-RETOSTEROIDS 449 

3. Stationary fdzase of water 

In this series of esperiments Varying amcunts of water were added to 60 g of the 
commercial silicic acid of known water content. Addition of 21 ml of water accomplish- 
ed the separation of A and E in the first 40 tubes, but the remaining 4 steroids were 
eluted in a broad band in tubes 41 through 70. An increase in the water content 
to 36 ml shifted all sis peaks to the first 40 tubes and gave poor resolution. Addition 
of 7 to II ml of water gave the same separation as shown in Fig. I. However, when 
6 ml of water or less was added, no resolution was obtained and the compounds were 
eluted in a broacl zone estending over all 200 tubes analyzed. The effect of adding 
1.5 ml of methanol to 7.5 ml of water has already been mentioned (Fig. 2). The 
quantity of methanol appears to be quite critical, and an 
the chromatographic bands. The results obtained by use 
readily reproducible. 

increase to 2 ml broadens 
of I.5 ml of methanol are 

It is apparent from the espkrimental results described that the relative participa- 
tion of adsorption and partition in the fractionation on silicic acid columns varies 
with the water content of the stationary phase. This is in agreement with earlier 
studies of the effect of water on the adsorptive power of silicic acid2092l. KAY AXD 
TRUEBLOOD~~ also indicate that water molecules may interfere with adsorption by 
occupying the adsorption sites on the column. They suggest that water can act as 
an aclsorbent itself through hydrogen bonds and that methanol may be less effective 
in this respect because it is less apt to form hydrogen bonds. This effect may have 
some bearing on the improved separation of II-KE and II-HA obtained when a 
small amount of methanol is added to the water. 

The authors are indebted to ERICI-I MOSETTIG for advice ancl encouragement, ancl t!b 
s. LIEI3ER~l.4X 
compouncls. 

and W. KLYSE (Medical Research Council) for generous gifts of refer&k 

SU>IM.I\RY 

A method is described for the individual determination of eight I7-ketosteroicls 
commonly found in urine. Fractionation of the compounds is achievecl by use of a 
water-impregnated silicic acid column and elution with a concentration graclient of 
methylene chloride in petroleum ether. The effects of changes in the stationary phase 
on fractionation are presented and discussed. 
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