
4*0 NOTES 

Chrktmatagraphic separation of 17-ketosteroids 

Chromatographic separation of individual r7-ketosteroids has been performed mainly 
by the stepwise or gradient elution method, using an aluminar-4 or a silica gel column’). 

Although these methods provide satisfactory separation of the common 17- 
ketostcroids in a relatively short time (a few hours), application of the gradient or’ 
changing of the eluants during chromatography is somewhat tedious. 

On the other hand it has been shown that estrogensa and some d4-3-ketosteroids” 
can be separated by a one-step elution method, using partially esterified Amberlite 
IRC-go as the adsorbent and a mi.xture of alcohol and water as the eluant. This meth- 
od has now been applied to the separation of r7-ketosteroids and it was possible 
to separate fourteen common I7-ketosteroids (Table I) by using three solvent sys- 

TARLE I 
KEY TO STEROlD DESIGNI\TION 

Trivial mm 

I 

2 

3 
4 

2 

; 
9 

IO 

11 

12 

13 
14 

3-Hydroxycstra-1,3,3(ro)-tricn-r7-one Estronc 
3a, I Ip-Dihydroxy-s/3-androstan-r 7-one I r/3-Hydroxyetiocholanolone 
3a-Hydroxy-$?:androstane-r1,17-dione I I-Ketoetiocholanolone 
3a, I rp-Dihydroxy-Sa-androstan-r 7-one 1 q%Hydroxyandrosterone 
3oc-Hydroxy-3a-androstane-r1,17-dione I I-Ketonndrosteronc 
I: I,%Hydroxyandrost-4-ene-3, r7-dionc 1: I,!?-Hydroxyandrosteneclione 
Androst-4-ene-3, I I, 17-trionc Adrenosterone 
3@-Hydroxyandrost-g-en-r 7-one Dehydro-epkandrosteronc 
3a-Hydroxy-$?-androstan-r7-one Etiocholanolonc 
3a-Hydroxy-ga-androstan-r7-one Androstcrone 
3/3-Hydroxy-gee-androstan-r -/-one epi-Anclrostcronc 
3/3-Androstane-3; i 7-dionc Etiocholancdione 
ga-Rndrostane-3, I 7-dione . Androstanedione 
Androst-4-enc-3, I 7-dione Androstcnedione 
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terns. The mixture of steroids was first fractionated by using a mixture of methanol, 
ethanol and water (3: g : 8 by vol., eluant A) as the eluant. The components that were 
eluted in..the same ,fraction were next ,fractionated by using a mixture of methanol, 
ethanol and water (3: 15: 8 ‘by-vol., eluant B) or a mixture of isopropanol and water 
(IS : 8 by vol., eluant C) as eluants. The former eluant provided a good separation of 
monoketo-monohydroxy compounds from diketo compounds, and the latter eluant 
eluted dehydro-e@‘-androsterone, I@-hydroxyandrosterone and II-ketoandrosterotie 
in the order’ described. 

Ex$erims&aZ .’ 

Materials. $?-Hydroxyetiocholanolone,, and Ir_ketoetiochol$nolone were ‘supplied 
by Dr. S. LIERERMAN. Dehydro-e$&androsterone, androsterone, etiocholanolone, 
androstanedione, etiocholanedione, efii-androsterone 
made available by Dr. A. KAN~EGAWA and Miss M, 

and androstenedione were 
KIMU~~A, rr-Ketoandrosterone 

was supplied by Dr, J. ENDO. Adrenosterone was prepared by chromic acid oxidation 
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,of hydrocortisone, ,and ‘IqShydroxyandrostenedione ‘was .prepared’ from hydrocor- 
,tisone by sodium bismuthate oxidation. I@-Hydroxyandrosterone wasisolated, from 
the urine of a patient .with ‘congenital adrenal hyperplasia. Estrone was a commercial 
.product. The potassium hydroxide, dinitrobenzene and ethanol (99.5 o/d) used for the 
Zimmermann .reaction were of analytical, grade. ‘. Methanol, ethanol (gg %) and iso- 
propanol were distilled before use. 

ion-e,lcclznrt,ne resin. Amberlite IRC-50 (A.G.) was pulverized and vvashdd as’ 
described previously (200 to 300 mesh) 8. It was partially estcrified by. refluxing for 
40 h with aqueous acidic alcohol D, E or F (Table II). One liter of,acidic alcohol was 

COMPOSITION OF AQUEOUS ACIDIC ALCOHOL 

A qrccolts 

acidic 
alcollol 

Cona+osit ion 

D 
E 
I? 

Methanol-ethanol-i HCl (I : 3 : 2, by vol,) 
Methanol-ethanol-2 iV HCl (I : 5 : 2, by vol.) 
Isopropsnol-2 N HCl(3 : 2, by vol.) 

.I. ,. 

used for 70 to IOO ml of H form Amberlite IRC-50, and bumping of the mixture was 
prevented by adding two or three pieces of porcelain boiling stone (8 mm cube),, 
the edges of which were removed by grindingg. 

.P~e$aruti~ of tlze ckromatograj&ic coZwvw. The partially esterified resin was 
transferred to a glass filter, washed with the eluant to be used for chromatography 
(Table III) and suspended by swirling in about two volumes of the same solvent. 

CONDITIONS OF THE CHROMATOGRAPHIC SEPARATION 

I D 0.69 x 137 A 28 - 28.5 
2 E 0.78 x 1.95 B 20 - 20.2 

3 I? 0.78 x 181 C 24 - 24.5 

The suspension was poured into a jacketed chromatographic tube through a small 
funnel fitted with a ground glass joint and allowed to settle. After about 200 ml of the 
eluant have beenpassed through, the column is ready for use. I 

.’ Chromatog~a~hic separation of sydzetic mixtures. One ml of a solution of steroids 
in .the, eluant’ was applied to the column and elution’ was ,p,er%ormed with the same 
eluant. The effluent was collected in fractions of 40 or 42 drops in test tubes,‘using a 
drop count type automatic fraction collector. Analysis of the steroids was performed 
by the Nathanson-Wilson modification of the Holtorff-Koch method10 ‘after evap- 
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oration of the eluant. The eluant was evaporated by ,placing the test tubes in a 
suitable rack and heating in a boiling water bath for about I h.,The recovery of ste- 
roids ,with a d*-3-keto-group was measured ,by ultraviolet absorption at 240 m&c, 
and that of estrone at 280 rnr& using a Beckman model DU quarz spectrophotometer 
after dilution of each fraction with aqueous ethanol (70 o/o) to a total volume of 3.5 ml. 

Resdk and discmsiom 

As shown in Figs. I to 3, fourteen r7-ketoateroids have been separated by using three 
solvent systems. They were first separated by using solvent A (Fig. I). The fractions 
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Fig. I. Elution patterns of I 7-ketostcroids. 
Elution patterns a and b were obtained in 
separate experiments performed under the 
same conditions. I r-Ketoandrostcrone was 
eluted between I I@-hydroxyandrostcronc 
and dehydro-e$i-androsterone and estrone 
overlapped I r/3-hydroxyetiocholanolone. 
The effluent was collected in fractions of 
42 drops and the flow rate was I .5 fractions 

Fig. z. Elution patterns of I 7-ketostcroids. Elution 
patterns a and h were obtained in separate cxperi- 
ments performed under the same conditions. The 
effluent was collected in fractions of 40 drops and 

the ‘flow rate was z fractions per hour. 

‘per hour. 

containing two or more steroids were pooled and separated by using solvent B or C 
(Figs; 2 and 3). Good separationwas obtain&of the see- and Q-isomers of the steroids, 
and since the chromatographic ‘method described utilizes non-ionic adsorption’ of 
steroid molecules on partially esterified carboxylic acid type’ ion-exchange resin’, 
the order of elution from the column is determined by both carbon number and degree 
of oxygenation of the molecule. The Cg steroid (estrone) is eltited faster than’ C,d ! 
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steroids (e.g. dehydro-e$i-androsterone) if the number of oxygen, atoms in the molecule 
is the same. .’ 

‘. Increase of the alcohol concentration of the eluant exerted two effects on the 
elution volume of the steroids: (I) among steroids with the same. number of oxygen 
atoms in the molecule, those with the greater number of hydroxyl group(s) -were 

110 130 150 
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Fig. 3, Elution pattern of x7-ketostcroids, I q%Hydroxyandrostenedione was eluted bctwecn 
dehydro-epi-androsterone and I q%hydroxyandrosteronc. The ef?iuen’t: was collected in fractions 

of 40 drops and the flow rate was 2 fractions per hour. 

preferentially accelerated, and (2) less oxygenated steroids were preferentially 
accelerated. The elution volume was also sensitive to changes of column temperature. 
When the column temperature was elevated, less oxygenated steroids were preferen- 
tially accelerated and among steroids with the same number of oxygen atoms in the 
molecule, those with the greater number of keto-groups were preferentially acceler- 
a$ed. . . ‘, 

The ‘recovery of r7-ketosteroids with a Ad-S-keto-group and estrone, shown in 
Table IV, was satisfactory and the elution pattern was reproducible when the temper- 

TABLE IV' 

PER CENT RECOVERY OF d4-3-ICETOSTEROIDS AND ESTRONE 

FROM THE CHROhfATOGRAPI~IC COLUMNS 

I zp-Hydroxyandrosteneclione 93 96 99 
Adrenostcrone 93 95 100 
Androstenedione 91 100 

Estrone 93 ;: 95 

ature of the column was kept constant. The qptimum load was IOO to 500 &cm2 
for each component and as much as 5 mg/cm2 could be added if there was an efficient 
separation of components. 
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Determination of ornithine, lysine, arginine, citrulline and histidine 

Separation of the common amino acids in plant material with good resolution on a’ 
single sheet of filter paper cannot be accomplished with present procedures. MC~?ARREN~ 

and MCFARREN AND MILL@ used a series of buffers and solvents, but these procedures 
have been found to be long and tedious. THOMPSON et aL3 partially overcame this 
problem by separating the amino acids on colutins of Dowex 50X4 resin into a basic 
fraction and an acidic and neutral fraction. This preliminary separation also purified 
the acids from extraneous materials which was necessary for high resolution. In 

TABLE I: 

&' VALUES OF AMINO ACIDS AND AMINES SEPARATED 

ON EDTA BUFFERED PAPER 

Hydroxylysine 0.03 
Ornithinc 0.07 
Lysino 0.12 

Argininc 0.24 
Citrulline 0.31 
Histidinc 0,40 
Homocitrulline 0.52 
Tyrqmine 
Ethionik 

o,G5 
‘. : 0.76 ’ ’ 
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