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SUMhsARY 

Sixty-nine androstane derivatives were chromatographed by adsorption and 
reversed-phase high-performance liquid chromatography (HPLC)_ The total number 
of hydroxyl and keto groups on the androstane mo&zcule is the most important factor 
in determining their chromatographic behavior. An a&unsaturated keto group con- 
tributes as much to the polarig of the molecule as a hydroxyl group and more than an 
isolated keto group GeneralIy, 3-hydroxyandrostane derivatives are more polar in 
adsorption HPLC with n-hexane-ethanol as eiuent when the hyciroxyl group is 
equatorial than when it is axial. 17#%Hydro&drostane derivatives are snerahy 
more polar than their 17aepimers in reversed-phase partition HPLC with methanoi- 
water as eluent. Compounds inseparable by adsorP;isn HPLC can often be separated 
by reversed-phase partition HPLC and vice versa. 

INTRODUCTION 

Ln earlier work on the metabolism of labeled 4androstene-3,17-dione in pea 
plants’, we have felt the need for a fractionation method more efficient than thin- 
layer chromatography. Since then, we have studied the progesterone metabolites in 
pea plants’ by h&b-performance liquid chromatography (HPLC)3, which allowed us 
to isolate eleven labeled products. At present, we are studying the metabolism of 
androstenedione in male and female cucumber plants_ Although we have previously 
devised a HPLC method for eleven androstane derivatives* and the literature con- 
tains additional methodolo_&, we decided to make a-systematic study of the relative 
merits of adsorption and reversed-phase HPLC of 69 androgen metabolites we may 
possibly encounter_ Lt includesoxidation (C&,) as well as reduction products of 
androstenedione. Most of them-can be detected at 205 nm, but since some of the 
saturated alcohols cannot easily be detected that way, we have made extensive use of 
a refractive index (RI) detector_ 
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EXPERiMENTAL* 

_-. The HPLC apparatus was-assem bied froni commerciahy available compo- 
nents: The adsorption cohunn was a 250 x 4.6 mm LD; stainIesz+steel chromatdgra- 
phyy tube (Ntex, Berkeley, CA, U.S.A.), packed with Zqrbax BP-SK (74-m; 
DuPont, Wilmington, DE, U.S.A.). The reversed-phase column had the same dimen- 
sions, but it was packed with Zorbax BP-ODS (7-g q, DuPont). The columns were 
packed i.n our laboratory_ The packin, a method, detectors,. solvents, pump, and 
sample injection-valve were as previously described3*6. The chromatographic con- 
ditions are given in the figure legends. 

RESULTS AND DlSCIJSSlON 

Our resuhs are summarized in Table I. Sixty-nine androstane derivatives are 
arranged in the order of increasing oxygen content and increasing polarity in adsorp- 
tion HPLC. The total number of hydroxyl and keto groups plays the most important 
role in the polarity of the androstane derivatives in both adsorption and reversed- 
phase partition HPLC. However, testosterone (30), the most polar C,,O,.compound 
in adsorption HPLC, was somewhat more polar than 3rc~ll#3-dihydroxy-5sr- 
androstan-17-one (31), the least polar C,90, compound. 4-Androstene-3fl,17&diol 
<23), the most polar C,,f), compound in reversed-phase partition HPLC, was well 
separated from the least polar C1903 compound, 5&nuirostane-3a,16a,l7&triol 
(60) Apparently, the effect of the total number-of hydroxyi and keto groups on the 
polarity of androstane derivatives is more~important in reversed-phase partition than 
in adsorption HPLC Our previous results on triterpenoids6, estrogens’, and gib- 
b&elhns* have iikewise shown that the number of hydroxyl groups is the most impor- 
tant factor in the separation, but none of these compounds contained more than one 
keto group. 

In adsorption HPLC (Fig. l), 5@-androstane-3,17_dione (5) was eluted before 
5x-androstane-3,17-dione (7) and 17a-hydroxy4androsten-3-one (27) was eluted 
before 17&hydroxy4androsten-3-one (30). This is in agreement with most observa- 
tions on the chromatogrzphic behavior of epimeric steroidsg, but contrary to our 
previous rest&s w&h dichIo~omethane_acetonitrile-2-propanol f179:20:1)- as the 
eluent and Par&i! 5as the adsorbent? When this eluent-was used with the Zorbax 
BP-SIL column, the follomg retention times were observed: 5a-androstane-3,17Y 
dione(7) (2.75 r&n), S/?-androstane-3,17-dione (5) (3 min), 17/?-hydroxy4androsten- 
-3sne (30) (8 min), 17?-hydroxy4androsten-3jne (27) (9 min). Thus, the sequences 
were-the same as in b*ur previous repoti; but the separationswere not as good. The 
d&erent o&e? may be ascribed to the differencein ehtenti.~In the adsorption systems 
-1. ad 2 (Tab&I, F&-l) the-‘3-ke%o-5a-androstane derivatives-(7; IO,-40) are more 
polar than theii S~-epimers (5; .S,-3s);: e%cept 17/%hydroxy-5z-androstan-3-one (i 3) 
vvhich:-is inseparablefrom‘its S&epi;nei- (14). Thus; generally, the planar (A/B-rrans) 

--3-ketosteroids. am mo%strongly adso@& than the folded (A/B-&) 3-ketosteroids. 
_- -_ ‘_ . : _: .- .~. - 7 _:. ._ - -. ” : -I__ ~_ _-. 

- -* Refzre& to a comply andj& product named by the De$&I!&&o~~forp~of~~rma- 
t&k and &&s xi& imply zippro%& 9r XWW~ dation of the prodmt to t!~e exclusion of others which may 

--&be&gtab]F_ _- - ~. 
-, 

-. .> .- 
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TAkLE I 

RJXENIION TLMES OF ANDROSTANE DERIVATIVES 

Kydroxyl g&ups & indicated by-rr ghd 8. depending an orientation. at the position listed. However, at C- 
5, I &d fi &e used to designate the orientation of hydrogen. Keto groups are indicated by 0 and double 
Esonds b$ d. Hydroxyl groupsat C-18 and Cl19 are irxlicatcd by OH. S~sterns: i, see Fig_ 1; 2, see Fig. 2; 3, 
see Fig_ 3; 4, see Fig. 4: 5. see Fig 3, except that methanol-water cl7:3) was used as elrzent. 

NO_ Subsliluenls RpteniiOn lime (min) 
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2 - 
2.75 - 
4 - 
4 - 

- - 20 
240 - 18.25 
- - 23.5 
- - 20 

7.5 - 15.5 - 
8 - 17.5 - 
8 - 17.75 - 
8.5 - 23 - 

10 - 14.25 - 
10.25 - 18 - 
125 - 16.25 - 
12.5 - 11.25 - 
12.5 - 16 - 
12.5 - 15.75 - 
13 - 14.75 - 
13 - 16.25 - 
16.5 - 11.75 - 
18 - 16.75 - 
19.25 - 16 - 
20 - 11.5 - 
20 - 10.25 - 
20 - 13.5 - 
20.25 - 9.75 41.5 
2025 - 33 - 
20.5 - 11.25 - 
20.5 - 14.5 - 
21.5 7.5 12 - 
24 7.0 32 - 
24 7.5 15.5 - 
25.75 8.75 10.75 - 

- 8.5 - 19.75 
- 925 - 17.5 
- 935 - 13.25 
- 9.5 - 13.75 
- 9-5 - 13 

- 
- 
- 
- 
- 
- 
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- 
- 
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- 
- 
- 
- 

- 
- 
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- 

- 
- 
- 
- 
- 

(Conrtiwd on p. 218) 
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TtiLEI (conrinwd)- . 

I 2 3 4-5. 
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55 
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57 
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41 
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66 
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- 

- 
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- 
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- 

- 
- 
- 
- 
- 
- 
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- 

- 
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- 
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10 - 

10 - 
11.5 - 
11.5 - 
11.5 - 
11.5 - 
11 - 
11.5 - 
12 - 
1275 - 
14.25 - 
14.75 - 
15.75 - 
17.25 - 
17.5 - 
17.5 - 
IS_25 - 
18.75 - 
19 
19.25 . I 
19.5 - 
20.25 - 
20.5 - 
2G.75 - 
21 - 
21.25 - 
2125 - 
21.5 - 
23.5 - 
21.5 - 
2525 - 
26.25 - 
30 - 
30 - 

17.75 - 
16.25 - 
m.25 - 
19.75 - 
16.75 - 
27.5 - 
11.75 - 
10 - 
16.25 - 
11.25 - 
1025 - 
20.75 - 
12.5 - 
11.75 - 
9 - 

15.5 - 
18.5 - 
8 - 

13-75. - 
22-75 - 
11 -- 
17.5 - 
1725 - 
10.25 - 
32 - 
IL25 - 
11.75 - 
19.75 - 
11 - 
8 - 
9 - 

27.5 - 
10.5 - 
10?5 - 

- _A shown in Table I, -the 3-Fete-4-androstene derivatives (20,. 37, 30) were 
much m&e polar than their_5a-,!@-, and d5-anz$ogues (5,6,7; 8, 10; 13, 14) in boih 
ad-sorption and reversed-phase partition HPLC. Steroids containing conjugated car- 
b&yL grtiups a& aS ti rule_ +bti polar than-steroids with isolated keto groups. Their 
$o&+~~~~~fctind to:E comptiabie to the ~oiresponding hydro&y steroids in both 
HPJ.& _s$stems; Jri reV;eqsed-p&k5 partition HPLC, the 3_+eto+kndrostene deriva- 
tivks (2$:2_7,,3_0, tii.51, 61, 62, -66) F&-e m&e p@arthap the corresponding 3- 
Si$d&qa@iro~~e $%i~at+es (9,’ 11,l 3;-16; 19,24? 26,28; 17, 18; 22; 29; .3 1,32,37; 
$;.51;r;$sS; 39,+$;-55549$6, $0) bkt less p.$ar &an the $_hydroxy-4 (or+androstene 

~~ d~$~~$ve&(i2; 5?;_21,23; 33; 54; 45; :; 53) (Table I-aiid Fig. 3). We were unable-to _- -_ -__. _ 
i-,_ _-_ .~ 

_ _; .-. -~- ’ _ ~~ --_. 
_ . :.- _‘_ _ - _ 
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TIhlE (minufes) 

Fig- 1. Adsorption chromatogram of C,,O and C,,O= androstane derivatives- Between SO pg (5z-androst- 
16-e~-3B_ol) and 3063 pg (testosterone) of androstaae derivatives, dissolved in 2!50 fl of the eluent were 
chromatographed on a column of Zorbax BP-SK, 250 x 4.6 mm I.D. Eluent n-hexanexthanol(97:3); 
flow-rate. 2 mI/min; pressure, 600 psi.; Ri detector, 16 x : recorder, speed 12 cm/h, span 10 mV. 

separate the 3-hydroxy4androstene derivative, 4-androstene-3/I, I7B_diol(23) from 
its As- and Sa-aualogues (21, 22), but separated it from its S#I-analogue (17) by 
adsorption HPLC. However, in reversed-phase partition HPLC, the A&-, As-, 5a-, 
and S#?-analogues were readily separated (Table I and Fig_ 4). 

Table II summarizes the behavior-of 3- and kpimers of 3-hydroxyandrostane 
derivatives in our adsorption (Figs. 1 and 2) and reversed-phase (Figs. 3 and 4) 
systems. Comparison of the effects of axia1 (a) and equatorial (e) hydroxyl groups (30 
examples) showed that in adsorption HPLC steroids with equatorial 3-hydroxyl 
groups were consistently more polar than their axial epimers, except for 3/J-hydroxy- 
S-androsten- 1 ir-one ( i2), which was inseparable from 3a-hydroxy-5cc-amirostaM7- 
one (I 1). This ruIe was also followed in reversed-phase partition HPLC, but several 
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T_4BLE II 

RELAT& WLAm~ OF 3-AND EAl$4LFrjE!S OF.3-HYDROXY~R@+4~E DERW- 
ATIVES 

> idicziies that the first group of steroids is, as a ide, m&e polar thau the second. A = adsorption, R .= 
~e~~-p~~tion;.f~indi~~~t~rul_e‘shownineach~~gisobey~ +ihatitisviolated, 

= ipdicates that adogues are_imeparable. The superior HPLC systeni.for each group ofanzJogue. 
separations is mderiined_ .- 

_Gnt~ison &exween 3-OH(ej and 3-OH(aj 

3a(e)~jb3n(a)Ja 4 R 38Cej4z>3daj5z . .A R _ 
-- 

16 11 + = 4 2 + - 

28 24 +. + 15 11 + + 
29 18 t + 22 18 + + 
31 -32 + i- : 26 24 -I- ,i 
58 52 i t 37 31 t + 

57 52 .- i- + 
.- 

38(&5=>3BfaMfi A R 3zfel,43>38~aMB A is 

-9 15 +-. - 16 9 + - 

22. 17 + - 28 19 + - . 
26 19 + + 29 17 + - 
56 49 + + 60 49 +. - 

. 

38(eM’>3z(a)G?z A R 3fi(ej,A5>3fi(a)5p -A. R -T - 

12 11 = + 12.. 9 i- ;+ 

21 18 f f. 21 -17 i t- 
25 24 + f 25 19 +. + 

33~ 31 s t 53 49 f + 
51 52 f + 



11 9 -6 - 12 
18 17 f - 21 
24 19 i- 25 

3; 
38 
45 
53 
54 

15 
22 
26 
37 
41 
48 
56 
57 

Fig- 21 Adso&tion chro~t~gram of C,903 androstane derivatives_ Conditions as in Fig_ I, except be- 
tw~en 5 pg (I i/3-hydrosyAandrostene-3.17-dione) 2nd 100 pg (3~11 z-dihydroxy-Sz-androstul- lir-oue) of 
androstme tintim an eknt of n-hebice&ano! (9317). and a UV detector at 205 urn. range 0.2, time 
constant 1.0. were ll.scd_ 
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TIME (AAinutes) 

Fig. 3. Reversed-phase partition chromatogram of C1902 androstane derivatives. About 100 pg of each 
atidrostane derivative, dissolved ;&t 250 #!I of the eimnt, were cbromatographed on a column of Zorbax BP- 
ODS, ZXI x 4.6 mm I-D- Elwnt. methanol-water (7r3); pressure, 100 psi.: RI detector. 8 x _ Other 
conditions as in F?:.‘:. 1. 

exceptions were noted. We have observed that adsorption HPLC separates S-epimers 
better than. reversed-phase partition HPLC, while reversed-phase partition HPLC 
separates 3-epimeti better than adsorption HPLC. 

Comparison of S-analogues with equatorial 3-hychoxyl groups (16 exampIes) 
show&~ that, generally, the- 3fi-hydroxy-Sa-androstane derivatives and the 3/$ 
hydroxy-Sandrostene derivatives are more poiar than the 3a-hydroxy-5@-androstane 
derktives in reversed-phase partition HPLC, while in adsorption HPLC the 3~ 
hydroxy-5jkttulrostane derivatives are more polar than the 3&hydroxy-Sandrostene 
derivatives- For this group-of steroids, reversed-phak partition HPLC was found to 
give~kparations superior to those by adsorption HPLC. 

Comparisons of Sanalogues with axial 3-hydroxyl groups (I 1 examplesJS 
showed that, generally, the 3z-hydroxy&z-androstane derivatives were more polar 
than the 3e_hydroxy4&androstane derivatives in adsorption HPLC, while the 3/?- 
hydroxy-5&andr+tane~ derivatives were more polar than the 3a-hydroxy-5a< 
androstane derivatives in reversed-phase partition IIPLC. The 3-hydroxyJ- 
androstene~derivatives were more polar than the 38_hydroxy-Sz-androstane deriva- 
t+F_-m-r~v&-s&l-phase paqitjon HPLC, but in adtirptiori HPLC~ the 3&hydroxy-5a- 
andr&ttnc ‘de&vat&s we& either mc$e polar t&n t&i -3@-hydroxy:S-androstene 
d$vativ%_ &&parablS fi~m~t&& Foi~this~gr&p.of steroids rev&se&p@se par-, 
_ __ _: 

p+n HpLC ~&~alss found. to provide greater resolving p&wet-. 



Fig. 4. Reversed-phase partition chromatogram of C1903 androsrane derivatives. Conditions as in Fig. 3 
except an eluent of methanol-water (I 1:9) uas used and the pressure was 1100 psi. 

All of the 17j?-hydroxyandrostane derivatives in Table I ( 13, 14, 17, l&21,22, 
29,30,53,56,59) were more polar than their ! 7a-epimers ( 10.8. 19_ X25.26.28.27, 
38, 41. 68) in reversed-phase partition HPLC. 1 l&Hydroxyandrostane derivatives 
(31,51,.58) were less polar than their 11 aepimers (47,69,67) in adsorption HPLC. 
Adsorption HPLC separated the 1 l-epimers better than reversed-phase partition 
HPLC. The 16j?-hydroxyandrostane derivatives (35, 44) were less polar than their 
16n-epimers (42, 53) in both HPLC systems. 

In general, hydroxyl groups contribute more to the polarity of the steroids than 
keto groups, but an a&unsaturated keto group makes them about as polar as a 
hydroxyl group. The number of hydroxyl groups and keto groups, the locations of 
both groups and of double bonds, the configuration at all chiral centers, the sorbent, 
and the eluent determine the elution order of androstane derivatives in HPLC. Ad- 
sorption and reversed-phase partition HPLC complement each other, and most an- 
drostane derivatives can be separated by a combination of both methods. 
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