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PREGNENOLONE METABOLISM IN DIGITALIS LANATA 
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Abstract-After the administrationof pxegncnolon&-l4c toa Digitalis timata plant, the following radioactive 
metaboliteswereisolated:digitoxigenin,gitoxigmin,digifologenin,5~p~ 3,2Odione,andproge&rone. 

INTRODUCTION 

IN 1964 Tschesche and Lilienweiss reported that pregnenolone (I)-21-l% glucoside was 
converted to cardenolides by leaves of Digitalis hata.’ More recently, the same group has 
sought to clarify the intermediary steps in this transformation. They found that labelled 
58-pregnane-3~,14~~01-2~one (II) was converted to the cardenolides, but d5-14desoxy- 
digitoxigenin and 14anhydrodigitoxigenin were not.2 

(I) Pregncnolone (II) 5~-Pregnanc-3~,14~iol-2O-one 

We have approached this problem by making a study of the metabolites of pregnenolone- 
4-l‘% in D. lmta, in an attempt to Ford cardenolide precursors. A preliminary report of part 
of this work has appeared elsewhenz3 

After this work was submitted for publication, Caspi and Lewis 4 reported the conversion 
of pregnenolone-7a-3H to progesterone, and of progesterone-7c+3H to cardenolides, by 
excised D. kmata leaves. 

RESULTS 

Pregnenolone414C was administered once a week for 9 weeks to the leaves of a Digitalis 
Zanata plant. The plant was then worked up and fractionated into light petroleum, chloroform, 
and chloroform-ethanol extracts. The latter two contained most of the radioactivity. 

+ A laboratory of the Westem Utilization Research and Development Division, Agricultural Research 
Service, U.S. DegMmentofAgriculture. Workconductedunderacoqera tive agreement with the Caliiomia 
Institute of Technology. 

lR.Tsunz&x3andG.-, X Natwfirsek. 19b. 265 (1964). 
2 R. Tsc-, H. HULPIEB and H. S-m, 2. Nutwforsch. 226,677 (1967). 
3 H. H. tiuw., R. D. BENNETT and E. mm, Natwwissenxhajh 54,226 (1967). 
4 E. C~I and D. 0. Lzwq Science 156,519 (1%7). 
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*~ 

(III) 5@-Pregnane-3,2O-dione 

& 

(IV) Progesterone 

The major radioactive constituents of the light petroleum extract were unchanged preg- 
nenolone (I), 5/3-pregnane-3,2O-dione (III), and progesterone (IV). The latter two were iso- 
lated and puriikd by preparative thin-layer c~o~to~phy (TLC), diluted with carrier 
material, and crystallized to constant specific activity (Tables 1 and 2). They were then reduced 
with sodium borohydride, to 5~pregnane-3&?0/3diol and d4-pregncne-3/3,2O/?-diol, res- 
pectively. These &rivatives were isolated by preparative TLC and recrystallized to constant 
specific.activity (Tables 1 and 2). 

TABLE 1. Pum%xnoN OF s~-P~N~-3,~D~* 

Solvent used for Countsl 
CompMld crystalliition IkIill/p0kt 

Ether-light petroleum 
Ether-liit petroleum 
Methanol-water 
MCthllol-water 
Methanol-water 
Ether-light petroleum 
Methanol-water 

* AiiquoteofieJsthan~2~~plaadfnomdichlon>mathanesolutiwsonriaped 
pl~ovarmareaofl2.7~~~~~~dup~~~ona~Wi~~II 
instruaxnt. Counter etlkiency was 34 per cent and background was 3 counts/min. 

t 90 per cent cQnfldena9 level. Corrected where Ilocessacy for dilution with 
additional carrier material. 

TABLE 2. PURIFICATISX.I OF pzumsm~o~~* 

Compound 
SoIvent used for 
crystallizations 

countsf 
minfpsnole 

Progesterone 

A’-Pmgmme-3/3,2O,%dioI 

Ether-light petroleum 
Ether-light petroleum 
Metllanol-water 
Ether-light petroleum 
Methanol-water 

181*5 
133*7 
128* 10 
122*7 
115*7 
118k7 

- 
* Conditions as in Table 1. 
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The chloroform extract was fractionated by chromatography on an alumina column. The 
less polar fractions, after acid hydrolysis, yielded more radioactive progesterone, 5/I-preg- 
nanedione and pregnenolone, as well as the digitanol digifologenin (V).3 A radioactive 
component slightly less polar than pregnenolone was also observed. This material cochro- 
matographed with a possible intermediate in cardenolide biosynthesis, 5ppregnan-3poE20- 
one. The latter was added as carrier, and the radioactive material was subjected to preparative 
TLCin two systems to separate it from pregnenolone. Final removal of the latter was achieved 
by reaction with gnitroperbenxoic acid. 5/Wregnan-3@MO-one does not react with this 
reagent, but pregnenolone is converted to the more polar pregnenolone epoxide, which is 
easily separated by chromatography. Although during these purification steps the Sp- 
pregnanolone remained radioactive, it rapidly lost its activity when crystallization to constant 
specific activity was attempted. 

(V) Digifologenin (VI) Digitoxigcnin 

e OH 

OH 

HO 
H 

(VII) Gitoxigenin 

The more polar fractions from the alumina column consisted mainly of radioactive digi- 
toxin and gitoxin,3 which yielded digitoxigenin (VI) and gitoxigenin (VII) on acid hydrolysis. 
Smaller amounts of the latter two cardenolides were also isolated from the chloroform- 
ethanol extract after mild acid hydrolysis. However, most of the radioactivity of this extract 
was not released by the hydrolytic conditions used, which cause cleavage of glycosides of 
2desoxysugars but not those of 2oxysugars. 

DISCUSSION 

Tschesche and Lilienweiss immersed isolated Digitalis hata leaves in an aqueous solution 
of pregnenolone-21-14c glucoside and observed incorporation of radioactivity into the 
cardeno1ides.r The present work demonstrates that foliar application5 of free pregnenolone to 
intact plants is also suitable for biosynthetic experiments. 

~R.D.BENNETT~~~E-, PhJmdlenl. 4,475 (l%S). 
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Caspi and Lewis4 suggested that the A4-fketone, progesterone, may be an intermediate 
in the conversion of the A5-double bond of pregnenolone to the saturated 5@configuration of 
the cardenolides. Our present finding of 5p-pregnanedione as a metabolite of pregnenolone 
lends support to this theory. 

Most of the radioactivity of the light petroleum and chloroform extracts was associated 
with unchanged pregnenolone and the five pregnenolone metabolites whose isolation we have 
reported here. In the chloroform-ethanol extract, however, glycosides of 2-oxysugars 
apparently accounted for most of the radioactivity. In view of the difficulties involved in the 
hydrolysis of such glycosides, this extract was not investigated further. 

EXPERIMENTAL 

Thin-layer ehromatographic techniques were as described previously. 6 All chromatograms were run on 
Silica Gel G plates purchased from Anahech. Inc., Wilmington, Delaware.* Aliquots of radioactive samples 
were counted on planchets at infinite thinness under a gas-flow detector (see Table I, legend, for details). 

Materials 

Pregnenolone-4-r4c, having a specific activity of 56 F/PM, was purchased from New England Nuclear 
Corporation. Digitalis Iunatu plants were raised from seeds obtained from the Harry E. Saier Seed Company, 
Dimondale, Michigan. 

Administration of Pregnemlone 

Pregnenolone4-14C was administered in a dose of 7-65 x 106 counts/min to the leaves of a D. kmatu plant, 
7 months old, by the techmque previously described.5 A total of nine such treatments were given. once a week. 

Extraction and Fractionation 

One we& after the last treatment, the plant was harvested above the soil line, frozen in liquid nitrogen, and 
lyophihzed. The dried plant (94.8 g) was homogenized in a blender with 500 ml of water. The homogenate was 
covered with 5 ml oftohrene and kept at 25” for 23 hr, to permit hydrolysis by the plant enzymes. After addition 
of 700 ml of ethanol, the mixture was heated at 60” for 1 hr and then filtered. The filter cake was extracted with 
500 ml of 60 per cent ethanol and five MO-ml portions of 70 per cent ethanol. The combined extracts were 
concentrated in vacuum to 400 ml and thoroughly shaken with an ethanolic suspension of lead hydroxide7 for 
10 min. The mixture was filtered, and the filtrate was concentrated in vacuum to 300 ml, diluted with 900 ml of 
ethanol, and extracted with three 300-ml portions oflight petroleum. The extracts were washed twice with 100 
ml of water, combined, dried (Nas!Q), and evaporated. 

The aqueous-alcoholic solution was concentrated in vacuum to 300 ml and extracted with four 400-ml 
portions of CHCla. The extracts were washed successively with 50 ml of water. two 50-ml nortions of 2 N 
Nary@, and two iOod portions of water, after which they were combined, dned (NasSQ), and evaporated. 

The aqueous solution was then extracted with four 400-ml portions of chloroform-ethanol (2: 1). The 
extracts were washed, dried, and evaporated in the same way as the chloroform extracts. 

Light petroleum extract: O-27 g, 1.53 x 10s cotmts/min. 
Chloroform extract: 0.96 g, l-08 x 107 counts/min. 
Chloroform-ethanol extract: 2.77 g, 1-72x 107 countslmin. 

Investigation of Light Petrolenm Extract 

The extract was chromatographed on an 80-g column of Merck silica gel (w5-0.2 mm), packed in dichloro- 
methane. The earlier fractions from the column, eluted with 750 ml of dichl oromethane-methanol(99:l)and 
180 ml of dichloromethanemethanoanol(l9: l), contained nonpolar material of Iow radioactivity. El&&with 
100 ml of dichloromethane-methanol(9: 1) then gave the. major radioactive fraction (38.7 mg, l-05 x 10s 
countslmin). 
further. 

Later fractions consisted ofhighly polar material of low specitlc activity and were not investigated 

* Refemnce to a company or product name does not imply approval or recommendation of the product 
by the U.S. Department of Agriculture to the exclusion of others that may be suitable. 

6 R. D. BENNEXT and E. HEFTMANN, Phytockm. 5,747 (1966). 
7 J. VON Euw and T. REICHSTEIN, Helv. Chim. Actu 47,711 (1964). 
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An aliquot of the major radioactive fraction was subjected to TLC with dichloromethane-methanol 
(49 : 1) and scanned for radioactivity. Peaks were observed corresponding to cochromatographed standards of 
5~pregnana3,2Odione, progesterone, and pregnenolone. A fourth radioactive material near the origin was 
not identified. The entire fraction was then subjected to preparative TLC, and zones corresponding to the three 
standards cited above were removed and eluted. 

The Sfi-pregnanedione zone (9.3 mg, 1-l x 104 counts/min) was further purified by preparative TLC with 
cyclohex&&thyl acetate (3:2) and then with chloroform+thyl acetate (4:1), giving-l.3 mg, 5-l x 10s 
countslmin. This material was diluted with 20 mg of authentic 5j3-pregnane-3,2Odione and crystallized to 
constant specific activity as shown in Table 1. More carrier was added as necessary. The material from the 
final crystallization (115 mg) was dissolved in 1 ml of ethanol, 15 mg of NaBH4 were added, and the solution 
was keut at 25” for 22 hr. It was then diluted with 1 ml of water and acidified to oH 3 with O-2 N HZ%,. The 
mixture was extracted with four 3-ml portions of dichloromethane, and the extracts were passed th&& 1 ml 
of 10 % KHCOs and two 1 -ml portions of HzO. The combined extracts were evaporated, and the residue was 
subjected to preparative TLC with chloroform-methanol (24: 1). The zone corresponding to S~pregnane- 
3a,2O@liol was removed and eluted (1 l-1 mg). This material was further crystallized as shown in Table 1. 

The progesterone wne from above (5G mg, 1-9x 104 countslmin) was subjected to preparative TLC with 
cyclohexansethyl acetate (3 :2), giving 2.0 mg, 1.3 x 104 counts/min. This material was diluted with 168 mg 
of authentic progesterone and crystallized to constant specitlc activity as shown in Table 2. The material from 
the final crystallization was diluted with more carrier progesterone (total weight, 17-2 mg) and reduced with 26 
mg of NaBHq as above, except that the reaction time was 4 hr. The product (17.2 mg) was subjected to pre- 
parative TLC with chloroform-methanol (24: 1). The zone corresponding to d4-pmgnene-3~,2O~diol was 
removed and eluted (13.5 mg). This material was further crystallized as shown in Table 2. 

TLC of the pregnenolone zone from above, by developing three times with chloroformmethanol (99: l), 
showed that no radioactive 5j3-pregnan-3/3-ol-2O-one was present. 

hvestigatim of Chbrojkn Extruct 

The extract was cbromatographed on a 30-g column of neutral almina,+ Grade II-III, packed in benzene. 
Fractionsof2Omleach werecollected,using thefollowingeluents:Fractions l-2,45 %chloroforminbenzene; 
3-6, chloroform; 7-8,1x; 9-10,3 %; ll-13,5 %; and M-17,8 % methanol in chloroform. 

Fractions l-10 were combii (43 mg, 942x 105 counts/min) and relluxed with a mixture of 4 ml of 
methanol and 4 ml of 0-l N H2S04 for 25 min. After addition of 5 ml H20, the methanol was removed in 
vacuum, and the aqueous residue was extracted with four 15-ml portions of dichloromethane. The extracts 
wete passed successively through 5 ml of water, 3 ml of 10 % KHCO,, and two 5-ml portions HsO, combined, 
dried (Na2S04), and evaporated, giving 30 mg, 8.8 x 105 countslmin. TLC with chloroform-methanol (24: 1) 
showed six radioactive peaks. Two of the three major peaks corresponded to standards of progesterone and 
pregnenolone, and the third was slightly mom polar than pregnenolone. The entire fraction was then subjected 
to preparative TLC with the same system, and the zones corresponding to progesterone and pmgnenolone were 
removed and eluted. 

A radiochromatogram of the progesterone zone (14 mg, 3.74 x 10s countslmin) with chloroform-ethyl 
acetate (4: 1) showed a major peak corresponding to progesterone and two much smaller peaks, one of which 
cormsponded to 5ppregnane-3,2Odione. 

TLCofthepregnenolonezone(9-7mg, 1-70x 10scounts/min)withchloroform methanol,99:l,developed 
three times, and with chloroform-thy1 acetate (4 : 1) indicated the possible presence of radioactive 5&regnan- 
3fl-01~#)-one. After addition of l-5 mg of the latter as carrier, this material was subjected to preparative TLC, 
first with chloroform~thyl acetate (4: 1) and then with chloroform -&propylalcohol(l9:1). Ineachcasethe 
5/l-pregnanolone zone was removed and eluted. The puritled material (I.2 mg, 5-O x 103 counts/mm) was freed 
of some remaining pmgnenolone by treatment with 5 mg of pnitroperbenzoic acid? in 2 ml of -her 
(1: 1) for 1 hr at 25”. After addition of 2 ml of ether, the solution was washed with 4 ml of 10% Na&O3 and 
four 4-ml portions HaO. The aqueous washes were. backwashed with two 4-ml portions of ether. The organic 
solutionswerecombined, dried(NasS04),andevaporated. Themsiduewassubjected topreparativeTLCwith 
chlorofonn-athyl acetate (4:1), and the 5B-pregnanolone, which was well separated from the more polar 
pregnenolone epoxide, was removed and eluted 0’4 x 10s counts/min). Carrier 5/l-pregnanolone was added 
and crystallization to constant specific activity, with ether-light petroleum, was attempted. The specific 
activity decrea& by 80 per cent in the first two crystallixations, which indicated that the radioactivity was 
not associated with 5b-pregnanolone. 

Fractions 1 l-16 from the alumina column yielded radioactive digifologenin, digitoxin, and gitoxin, as 
described previously.s 

* woelm, -eF, Germany. 
t K and K Laboratories, Hollywood, California. 
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A 200-mg portion of the extract was refluxed with a mixture of 5 ml of methanol and 5 ml of @l N H2S04 
for 30 min. The methanol was removed in vacuum, and the residue was heated at 60” for 30 min. It was then 
extracted with four U-ml portions of dichlorome&ne. The extmcts were washed with 3 ml of 10 % KHC03 
and two Em1 portions HzO, combined dried (Naz SO,), and evaporated, giving 12 mg. TLC showed that 
the radioactivity was almost entirely associated with digitoxigenin and gitoxigenin. 
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