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Enzymatic Degradation of Side-Chain of Adrenocortical Steroids : 
Conversion of Hydrocortisone to Reichstein's E." (22254) 

E. M Y m s  GLENN,+ PATRICK 31. L. SIU, AND RICHARD 0. RECKNAGEL. 
(Introduced by George Sayers.) 

Department of Physiology, Western Reserve University School of Medicine, Cleveland, 0. 

In recent publications from this laboratory 
(1-2) an enzyme system found in both micro- 
some and supernatant fractions of rat liver has 
been described which induces an alteration in 
the C-20 ketone group of adrenocortical ster- 
oids. Further observations on this system 
have been made and in addition positive evi- 
dence has been obtained that the reaction in- 
volving the C-20 ketone of the steroid mole- 
cule is reductive in nature. 

Atetkods. Methods used in this study were 
identical with those described in previous pub- 
lications ( 1,2 ) . 

Results. The first study in this series was 
undertaken to determine if the system reduc- 
ing ring A could be separated from the system 
reducing the 20-ketone. A 0.25 M sucrose 
homogenate of rat liver free of nuclei and 
mitochondria was centrifuged at  20,000 X 
gravity for one hour. The supernatant frac- 
tion was discarded and the microsome fraction 
was resuspended and recentrifuged twice un- 
der the same conditions. Results obtained 
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following incubation (37"C, 1 hr) of cortisone 
with the twice-washed microsome fraction are 
indicated in Fig. 1 .  It may be noted that the 
extent of A4-3-ketone reduction in the com- 
plete system was only slightly less than that 
of 20-ketone reduction. Subsequent studies 
have confirmed this observation.$ These re- 
sults are at  variance with those of Tomkins 
and Isselbacher(3) who reported that the 
A4-3 ketone reducing system is present only 
in the supernatant fraction of rat liver. 

p-Chloromercuribenzoic acid (PCMBA) 
inhibition of the A4-3 ketone reducing system 
and of the 20-ketone reducing system in the 
microsome fraction was investigated. Fig. 2 

W P-3-Ketone 
a 20-Ketone 

CONTENTS:- 

,001 M Cortisone .-. - 0.5 ml. 

.25M Sucrose-- - - - - -  1.5ml. 

.03M Glucosr-6-PO4- 0.41111. 

.04M Nicotinomidr + 
200rq.mg.Microsomes- 1.0ml. 

.04M MgClp * - - - - . - -  

.01 M TPN -. . -. . -. -. 

I ,  
0 20 40 sb eb 

)rg loss of steroid 

FIG. 1. Presaiice of both C-20 ketone and n4-3- 
ketone reducing systems in microsome fraction of 
rat  liver. See footnote ($) for  definition of equiv- 

alent milligram (eq mg). 

$ Recknagel, R. 0.) unpublished. 
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FIG. 2. Inhibition of n4-3-ketone and C-20 ketone 
reducing systems by p-chloromercuribenzoate. Con- 

ditions as in Fig. 1. 

indicates thait inhibition of both systems wa5 
virtually complete at a final concentration of 
3.0 x lo3 A4 PCMBA. However, the inhibi- 
tion by PCMBA appears to be (due to inhibi- 
tion of the TPNH generating system, since it 
was shown that glucose-6-phosphate dehydro- 
genase was strongly inhibited by PCMBA 
(Table I).  The question of a dependence of 
C-20 and A4-3-ketone reduction on SH-en- 
zymes must $therefore be considered as unset- 
tled. 

The enzymatic complexity of the microsome 
fraction with respect to reduction of steroid 
ketones is illustrated by the data of Fig. 3. 
In this study, equal quantities of cortisone, 
hydrocortisone, 1 1-desoxycortisone, tetrahy- 
drocortisme, dehydroepiandrosterone, and 
androstenedione were incubated at 37°C for 
2 hours using the conditions described in Fig. 
1. Four-hundred equivalent milligramsg of 
microsomes were used as source of enzyme. 
Loss of the C-20 group was followed by the 
Porter-Silber reaction (4). The Callow modi- 
fication of the Zimmerman reaction( 5) was 

TABLE I. Inhibition of Glucose-6-Phosphate De- 
hydrogenase by p-Chloromercuribenzoate. 

E,” 
Complete system .465 

” f 1 X 10-3MPCMBA .061 
.011 
.035 

I ?  

I f  IY 

Y >  Y Y  
+ 2 f y  + 3 ” 

*Optical density reading at 340 mp one min. 
after start of reaction. 

Condit.ions : Sigma Chemical Co. Bulletin No. 
201, Nov. 1951. 

9 An equivalent mg of microsomes represents all of 
the microsome fraction obtained under prescribed 
centrifugation conditions from Bone mg wet weight 
of whole liver. 

used to folluw disappearance of the 17-ketone 
group. The steroids employed have a variety 
of biological actions. Tetrahydrocortisone 
and 1 1 -desoxycortisone are biologically inac- 
tive. I t  is apparent that the metabolism of 
these steroids is not related in a simple and 
obvious way to their metabolic effects. The 
metabolism of typical 17 ketosteroids (dehy- 
droepiandros ter one, andros tenedione ) in the 
microsome fraction adds to the complexity. 
The fact that tetrahydrocortisone reacts to a 
greater extent thian the other steroids tested 
was confirmed by additional investigations 
(Fig. 4). During the first 90 minutes of in- 

CORTISONE 

HYDROCORTISONE 

I I-DESOXYCORTISONE 

TETRAHYDRO-E 

DEHYDROEPI- 
ANDROSTERONE 

ANDROSTENEDIONE 

t,,,,, of i, 5’0 160 160 260 
l u g  Steroid Lost 

FIG. 3. Enzymatic complexity of rat liver micro- 
somes with respect t o  reduction of steroid ketone 

groups. 

cubation the loss of the 20-ketone of tetra- 
hydrocortisone was about twice the rate ob- 
served for hydrocortisone. These in vitro ob- 
servations reflect the in vivo observations of 
others, in which it was shown that tetrahydro- 
cortisone disappears from the blood faster 
than hydrocortisone when administered to ex- 
perimental subjects( 6).  Also, studies of 
Sandberg et d.( 7)  indicate that cortisone dis- 
appears a t  a more rapid rate from the blood 
than hydrocortisone, and that the steroid 
degradation products of hydrocortisone ap- 
pear in the urine at a less rapid rate than the 
degradation products of cortisone. Whether 
the metabolic rate studies recorded in Fig. 4 
represent the enzymatic basis for the in vivo 
observations cannot be stated with certainty 
at  this time. 

Isolation of Reichstein’s E .  Seven and two- 
tenlths milligrams of hydrocortisone (free al- 
cohol), dissolved in 2 0  ml of 0.25 M sucrose 
made to 2% with ethanol were incubated with 
20 equivalent grams of rat liver microsomes 
(washed 2 times with 0.25 M sucrose). The 



334 

70 - 

60 ~ 

50 ~ 

Galvanometer 
reading 

30 ~ 

* 2 0 -  

CONVERSION HYDROCORTISONE TO REICHSTEIN’S E 

120 1 

0 30 60 90 

INCUBATION TIME - minutes 

FIG.  4. Relnti\-c r:itcs of reactioiis of various 
steroids iii rat lircr iiiicrosoine fraction. Condi- 

tions :IS in Fig. 1. 

following cofactors were added to the incuba- 
tion medium: 14.0 ml of 0.03 d l  glucose-6- 
phosphate, 20.0 ml of 0.02 &.I phosphate buf- 
fer (pH 7.4). 10.0 ml of 0.04 171 MgCl?, 10.0 
ml of 0.04 A 1  isocitrate. 10.0 ml of 0.01 ill 
TPS. The pH of the medium (7.4) was 
checked before incubation and 10.0 mg of 
glucose-&phosphate dehydrogenase were 
added immediately before evacuation. The 
enzyme mixture was transferred to a 37°C 
water bath and incubated for 45 minutes. 
The aqueous phase mas extracted 3 times with 
400 ml CHC13. The CHCl:, extract was dried 
under a stream of air and the residue redis- 
solved in 70% ethanol and subsequently par- 
titioned between 707% ethanol and pentane for 
removal of interfering substances. The pen- 
tane fraction was discarded and the 70% 
ethanol phase dried under vacuum. The dry 

1 
I I I I I 

3b0 350 400 450 500 550 

Wave length 
FIG.  3.  Sulfuric acid iiiclucecl absorption of uii- 
kiiowii steroid coinpared to authentic saiiiple of 

Reiohst ein’ s E . 

residue was taken up in a small amount of 
chloroform and placed on a Florisil column 
(8) .  The column was eluted with 100 ml of 
chloroform, 100 ml of 270 methano1:chloro- 
form, and 200 ml of 25% methano1:chloro- 
form. The eluates were dried and. the residues 
dissolved in methanol. One-twentieth of each 
eluate was applied to a paper strip and 
chromatographed in the benzene: 50% meth- 
anol: water system of Bush ( 9  ) . Paper chro- 
ma tograms were observed under ultraviolet 
light and subsequently sprayed with 4% eth- 
anolic phosphomolybdic acid. Observation 
under the ultraviolet lamp revealed the pres- 

---I Standards - Unknown 

8 = CORTICOSTERONE 
F = HYDROCORTISONE 
ER=REICHSTEIN’S E 
E R x = ~ ~ ~ ~ ~ ~ ~  
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t I I 

\ I  

t 

0 #- 

I 2  3 4 5 6 7 8 9 1 O ! I  12 

ence in the 25% methanol-chloroform eluate 
of a compound more polar than hydrocorti- 
sone. The other eluates contained no detec- 
table steroids. The phosphomolybdic acid 
reagent revealed (blue spot) the presence in 
this same eluate of a still more polar com- 
pound which was not visible under the ultra- 
violet lamp. In  order to remove unreacted 
hydrocortisone the remainder of the 25% 
methanol-chloroform eluate was dried under 
vacuum and the dry residue placed on eight 
1 %-inch wide paper strips and chromato- 
graphed as before. The paper chromatograms 
were observed under the ultraviolet light. Re- 
gions which corresponded to hydrocortisone 
were discarded. More polar regions were 
eIuted with methanol, dried under vacuum, re- 
dissolved, and a sample which corresponded to 
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one-twentieth of the original was rechromato- 
graphed in benzene: 25% ethyl acetate. Ultra- 
violet and phosphomolybdic acid analysis re- 
vealed the presence of the 2 polar steroids as 
expected. In order to separate the 2 unknown 
steroids, the remainder of the methanol eluate 
was dried and rechromatographed on six 1%- 
inch wide paper strips in benzene: 2 5 %  ethyl 
acetate. The unknown steroid which was not 
visible under the U-V lamp was not further 
analyzed. The areas on the 6 strips which 
were visible under the U-V lamp were eluted 
with methanol. In order to further purify the 
unknown steroid, the combined methanol elu- 
ates were rechromatographed on four 1%-inch 
wide paper strips in the benzene:25% ethyl 
acetate system. The ultraviolet absorbing 
steroid was eluted from the several strips, 
combined. dried under vacuum and diluted to 
20.0 ml with absolute methanol. 

The following tests with the recorded results 
indicate that the unknown compound was 
A4-pregnene- 1 1 p, 1 7  a, 20,2 l-tetrol-3-one 
(Reichstein‘s substance E) . The stereochemi- 
cal configuration of the C-20 alcohol of the 
experimentally derived product has not been 
definitively established. 

Tests 
1. Rf ~-nlues of unknown and known (free al- 

cohols), 011 Bush(9) and Zaffaroni(10) 
spatelns. 

2. Ultraviolet absorption spectrum at 220 to 
260 alp. 

3. Phen~-lh~-clrazine reaction of Porter-Silber 

4. Sulfuric acid chromogen spectrum. 
(4 I .  

5. Unknown chromatographed on silica gel 
column according to the method of 
Sweat(l1).  

6. Unknown acetylated with pyridine-acetic 
anhydride 16 hr at room temp. Acetates 
of unknown and Reichstein’s E chroma- 
togra.phed on Bush(9) and Zaffaroni( 10) 
q-stems. 

Quantitative analysis a t  240 mp and cal- 
culation from known standards indicated that 
2.1 mg of Reichstein’s E were obtained from 
7.2 mg of hydrocortisone. The more polar 
compound has not been definitely identified, 
but the evidence obtained suggests that it is a 
pentol. That the reactions in this system are 

shown when 4-C14 hydrocortisone11 was incu- 
bated with the preparation described, and the 
extracts chromatographed on the Zaffaroni 
system( 10) for 92 hours. No C14 was present 
in the run-off from the paper strips. If oxi- 
dative reaction’s had occurred, 17-ketosteroids 
labelled with C14 would have been expected to 
appear in this fraction. 

Conclusions. 1. Observations concerning 
the enzyme systems of the microsome fraction 
of rat liver which effect the C-20 ketone re- 
duction of adrenocortical steroids have been 
described. 2. One product of hydrocortisone 
conversion in the microsome fraction of rat 
liver has been identified as Reichstein’s E. 
The presence of a t  least one other product 
was noted. 

We are indebted to Dr. John Schneider of the 
Jefferson Medical School for his generous gift of 
Reichstein’s E, and to Dr. Constance de Courcy of 
the Jefferson Medical School for introducing US to 
the technics of the Bush system of paper chroma- 
tography. 
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Steroid-Induced -4drenal-Pituitary Hypof unction 11. (22255) 
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Departnient of Endocrinology, The Upjohn Company, Kalamazoo, Mich. 

I t  has been demonstrated that daily admin- 
istration of hydrocortisone to rats lowers 
their tolerance to intraperitoneal injection of 
potassium chloride ( 1 ) . Since this observa- 
tion suggested adrenal-pituitary hypofunc- 
tion, efforts were made to determine if these 
animals could be protected by treatment with 
various hormones. Intravenous administra- 
tion of ACTH or aldosterone immediately 
prior to the injection of potassium chloride 
increased the tolerance of steroid-treated ani- 
mals to KCI stress(2). I t  was observed that 
the same response was obtained if animals 
were given 1% KaC1 to drink for 18 hours 
prior to injection of potassium chloride (3) .  

The protective action of sodium chloride 
suggested that the mortality of non-protected 
animals was not due to a hypofunctional 
adrenal or pituitary but rather to an electro- 
lyte disturbance as a result of steroid treat- 
ment. The present experiments were designed 
(1) to measure the amount of sodium and 
potassium excreted in the urine during steroid 
administration, and ( 2 )  to determine the tol- 
erance to potassium stress in rats depleted of 
sodium and potassium. 

1. Male rats, averaging 160 g 
body weight were placed in metabolism cages 
(2,/cage) and fed Ingle’s liquid medium car- 
bohydrate diet ad Zibitum (4). Following a 
2-week control period, these animals were in- 
jected once daily for 10 days with either 16% 
gelatin, 4 mg, hydrocortisone (F) in 16% 
gelatin, or 6 mg 1 lp, 17a-dihydroxy-4-preg- 

Methods. 

nene-3,20-dione ( 2  I-desoxy-F) in CMC.* 
Urine volumes were recorded daily and urin- 
ary sodium and potassium were determined 
in a flame photometer. 2. Male rats were 
given intraperitoneal injections of 8 mg Thio- 
merin sodium (Wyeth), 5 mg Neohydrin 
(Lakeside), or 6 mg Diamox (American Cy- 
anamid) in 0.2 cc aqueous solution. The rats 
were placed in metabolism cages, fasted for 
18 hours and then injected with 0.16 M po- 
tassium chloride ( 5  cc/lOO g body weight). 
The 18-hour urine collections were analyzed 
for sodium and potassium. 
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F on urinary sodium and potassium excretion. 
FIG. 1. Effects of hydrocortisone and 21-desoxy 
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* OSYo carboxymethyl cellulose, 0.470 Tween 80, 
1.5% benzyl alcohol and 0.9% sodium chloride. 


