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isomer in the cat and the 16/3 isomer in the rat. It has not yet been ascertained whether 
the radioactivity associated with I6-epi-estriol from cat blood and the estriol from 
rat blood really represents these compounds. Preliminary exper~,m,:n~s with separated 
white and red cells from rat blood have ~,~own the reduction to occur in the latter. 
Studies are now in progress on detailed aspects of the mechanism inw~lved. 
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The conversion of androst-4-en-3,|7-dione into testololactone 
and other substances by incubation in bovine blood 

As part of a study of steroidogenesis in perfu~d bovine adrenals and ovaries, we 
have incubated androst-4-en-3,I7-dione in bovine blood alone and have examined 
the nature of the transformation products. 

[4-14C]Androst-4-en-3,iT-dione, (I), was purified first by partition chromatog- 
raphy on a column of diatomaceous earth (Celite 545), using methanol-water  (4: I) 
as the stationary phase (o.a7 ml/g) and hexane as the mobile phase, and then by 
multiple crystallizations in ethyl acetate. 

In I incubation, 5o.o mg of I, 3ooo counts/mJn/mg, dissolved in IO ml of propylene 
glycol, were mixed with 8oo ml of oxygenated, citrated whole blood, taken from 
a pregnant cow at slaughter, to which 2o mg of ox'ytetracyclinehydrochloride (Terra- 
mycin) had been added to inhibit bacterial growth. The mixture was then circulated 
through the aeration chamber of a perfusion apparatus z at 39-40 ° for 3 h under an 
atmosphere of 95 % 0 2 - 5  % CO2. A second ipcubation was performed in the same 
manner but for only 16o rain. The steroids ~ cce extracted from both incubates by 
isopropyl acetate and the extract residues fractionated by, successively, partition 
between hexane and methanol-water  (7:3); column-adsorption chromatography on 
silica gel (Grade 62, Davison Chemical Corp.) ; and column-partition chromatography 
(chrom. 2) in the same system used to purify I, except that hexane-benzene mixtures, 
as well as hexa ~e alone, were used for the mobile phase. 

Certain of the hexane-benzene (9: I) eluate residues of chrom. 2 were crystallized 
from ethyl acetate to )4eld a substance, 69.8 rag, m.p. 173-175 °, whose infrared- 
absorption spectrum was identical with that of androst-4-en-3,IT-dione. 
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The syrups, 11 mg (less 0.4 mg used for tests), eluted before the recovered I. 
were combined in benzene and reehromatographed (ehrom. 3) on an adsorption 
column of silica gel, developing with benzene-e thyl  acetate (97: 3). This was a newly- 
devised, efficient, annular colurma in which the adsorbent was a 2-ram-thick layer 
between the outer tube, 18 mm internal diameter, and an inner, sealed tube, 14 mm 
outer diameter. From certain eluate residues, 1.8 rag, of mobil i ty equal to that  of 
progesterone, a substance, 0.8 rag, m.p. I98-2o7 °, was crystallized in ethyl ace ta te -  
neohexane. Recrystallization achieved prisms, o.22 nag, m.p. 2o3-2o8 °, 282o counts 
per min/mg; 0max I737 and 17o 9 cm-X; no selective absorption at about 24o m/~ 
in methanol. This substance, II ,  has not been identified. 

The syrups eluted shortly after I in chrom. 2 were combined (24. 5 mg) and re- 
chromatographed on a similar part i t ion column (chrom. 4). Certain of the hexane-  
benzene (9:I) eluate residues, about o. 5 mg, were crystallized in ethyl ace ta te -neo-  
he×ant to yield a substance, 0. 4 mg, m.p. 2o9--213 °. Recrystallization led to prisms, 
0.3 rag, m.p. 204-207 °, 31oo counts/min/mg; ) . ~ n  240 m/t;  0max 34Io, 1650 and 
16o3 cn1-1, whose infrared spectrum was identical with that  of epitestosterone. 

Later residues, 1. 4 mg, eluted by the same solvent, were crystallized in ethyl 
acetate-neohexane to yield 1.2 mg, m.p. I54-156°, which, on recrystallization, 
yielded knife-like crystals, 0.6 mg, m.p. 154-I56°, 33oo counts/min/mg; )~OH 
240. 5 m~; ~gmax 3420, 3380, 1655 and 161o cm -1. The infrared spectrum was identical 
with that  of testosterone. 

Later  residues, 1.5 rag, eluted by hexane-benzene (9:1 and 3: I) were crystallized 
in ethyl acetate-neohexane to yield a substance, o.7 mg, m.p. 242-246°, which was 
recr3,stallized in ethyl acetate to afford prisms, o.I1 mg, m.p. 245-247 °, 314o counts 
per min/mg; no selective absorption at about 24o mtL; 0m~ I72O, 1711 cm -1. This 
substance (III) has not been identified. 

Later hexane-benzene (3:1) eluates led to residues, 3 mg, from which 2.5 mg, 
m.p. 2o7-212 °, could be crystallized in ethyl acetate. Three recrystallizations afforded 
compact, prismatic clusters, I.O mg, m.p. 21o-213 °, 3000 counts/min/mg; 2Me£ H 
237 m/, ; 0max 172o, 1065 and 1613 cm -I, whose infrared spectrum was identical with 
that  of synthetic testololactone (3-keto-x3~-hydroxy-i3,x7-secoandrost-4-en-i7-oic 
acid, lactone) 2. 

The isolation of epitestosterone and testosterone was not surprising since 
LINDNER a has already given evidence for their formation from I by  incubation with 
ox or sheep blood. The conversion of I into testololactone, however, a reaction in- 
volving oxidative cleavage of the C-I3-C-17 bond, was unexpected. This transfor- 
mation was shown by FRIED a a/. 4 and PETERSON et a/. 5 to be effected by  micro- 
organisms but  this is the first demonstration tha t  such a metabolic pathway occurs 
in mammalian tissue. I t  is unlikely tha t  the lactone was produced by  bacterial 
contaminants in the incubated blood since the antibiotic, even at  one-fifth the concen- 
trat ion used, is an effective inhibitor of bacterial growth. The extent  of conversion 
in b lood--about  8 % based on unrecovered I - -p lus  the possibility tha t  I I  and I I I  
may  also be ]e.ctones indicate that  this is a major  trausformation i~ blood. I t  may  
also occur in endocrine glands and at  the site of other carbonyl groups. For  example, 
a peroxidative cleavage of the C-2o-C-2I bond m a y  be the route of formation of 
the etienic acids isolated from bovine adrenal perfusates of deoxycorticosteronee, ~. 
Further,  FORCHIELLI e ta / .  s have concluded that  progesterone incubated with ra t  
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tes tes  can be conver t ed  d i rec t ly  in to  tes tos te rone  wi thou t  going t h r o u g h  17-hydroxy-  
progesterone.  I f  so,. th i s  would be an  oxida t ive  cleavage of the  C-17-C-2o b o n d  w i th  
t es tos te rone  ace ta te  as t h e  immed ia t e  product ,  a l t hough  t h e  ace ta te  was no t  isolated. 
Final ly ,  JACOBS et al. 9 isolated a subs tance  f rom p regnan t -mare  ur ine  which t h e y  
showed to be a lact0ne,  CIoH2eO 3, b u t  d id  no t  ident i fy  completely.  

I t  is of in te res t  t h a t  tes to lo lac tone  has  no  androgenic  ac t iv i ty  ~° a n d  t h a t  AX_ 
tes to lolactone,  also w i t h o u t  androgenic  ac t iv i ty  11, produces some object ive  regression 
in a d v a n c e d  b reas t  cancer  ~2. 

Our  s t u d y  of the  metabo l i sm of steroids in bovine  a n d  h u m a n  blood is being 
con t inued .  

We are gra tefu l  to  Dr. M. GuT for dona t i ng  I4:4C~androst-4-ene-3,17-dione,  
which  we di lu ted  and  purified fu r the r  for th i s  s tudy.  We are also indeb ted  to Mr. 
N. BACON, who de t e rmined  the  in f ra red  spectra  ~n K B r  wi th  the  Beckman  IR-  7 
spect rometer .  This  research was suppor t ed  in pa r t  by  Public  Hea l th  Service Research 
G r a n t  CY-3653 from t h e  Na t iona l  Cancer  Ins t i tu t e ,  Na t iona l  In s t i t u t e s  of Hea l th  
a n d  b y  a g r a n t  f rom G. D. Searle a n d  Co., Skokie, Illinois. 
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