
614 1 1 p-HP AS INTERMEDIARY IN CORTICOSTEROIDOGENESIS 

showed no inhibition in subsequent staining 
with the labelled anti-human globulin. This 
proves that the staining observed originally 
was due to the reaction of anti-human globu- 
lin with human globulins in the section. 

Whether the slides were fixed in fornialin 11  
or acetone or not fixed at all, there was a 
definite precipitate formation when the un- 
labelled antihuman gamma globulin was 
added. The precipitate formed in solution 
and was removed on subsequent washing. The 
fact that staining was obtained in the pres- 
ence of the precipitate forming in the suspen- 
sion would indicate here also that there was 
excess antibody present and perhaps that the 
components which are being stained in the 
tissue may be of a different nature than the 
material precipitating . 

SUWZVIQY?. 1)  A new fluorescent label! 
tetramethylrhodamine isocyanate, is described 
and its use demonstrated in the immunohisto- 
chemical fluorescence technic. The label 
fluoresces orange and is of particular value for 
staining tissues which show a green auto- 
fluorescence similar to fluorescein fluorescence 
even when unstained. 2 )  Serum from a pa- 
tient with chronic thyroiditis combined with 
normal thyroid tissue in the colloid region and 
perhaps in the glandular epithelium, while 
normal human serum showed no such stain- 
ing. Thyroid from a patient with chronic 
thyroiditis, infiltrated with lyniphocytic cells, 

11 The fixation process did not reader the antigens 
____-- 

completely insoluble. 

was stained by rabbit antibody to human 
globulin in the region occupied by the infil- 
trating cells. Xormal lymph node showed no 
such staining. This indicates that the in- 
filtrating cells contained human globulin and 
may have been important in the destruction 
of the thyroid during the course of the disease. 

The authors wish to thank Mr. J. Bernecky and 
Mr. -4. W. James for their assistance, and Dr. Ernest 
Witebsky . 
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Role of llp-Hydroxyprogesterone as Intermediary in Biosynthesis of 
Cortisol and Corticosterone." (23823) 
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There is considerable evidence that produc- 

*Aided in part by U.S.P.H.S. grant. 

tion of 1 7~-hydroxycorticosterone (cortisol) 
and corticosterone from cholesterol in the 

t Portion of thesis submitted in partial fulfilment adrenal cortex proceeds via the reaction 
of requirements for degree of Doctor of Philosoph!., 
Dept. of Physiology, Boston University Medical 
School. 

Xheme illustrated in Fig. 1 ( 1 , 2 ) -  The indi- 
cated sequence of hYdroWlations of proga- 
terone, shown by solid arrows, has been re- 
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FIG. 1. Corticosteroidogenic Sequciwc. 

garded as obligatory, and was postulated as 
the major route of biosynthesis of these corti- 
coids. As indicated in Fig. 1, there is uncer- 
tainty as to the possible role of 1 lp-hydroxy- 
progesterone (HP) as an intermediary in this 
sequence. Although progesterone is converted 
in adrenal tissue to l lP-HP, the latter was 
originally considered not to be a major intef- 
mediary on the basis of adrenal perfusion ex- 
periments wherein 1lp-HP failed to give rise 
to significant amounts of cortisol or corticos- 
terone( 3 ) .  However, these perfusion data do 
not permit a definitive conclusion, since ade- 
quate transfer of 11p-HP from the perfusate 
into the cells may not have occurred, whereas 
1 LP-HP formed intracellularly might serve as 
an intermediary. The more recent findings 
that adrenal mitochondria1 systems ( 4 3 )  con- 
vert progesterone to 11P-HP in good yield 
have served to reopen consideration of llp- 
HP as a possible intermediary in corticos- 
teroidogenesis. 

To eliminate the influences of permeability 
barriers inherent in the perfusion technic, we 
have employed bovine adrenocortical homo- 
genates, which synthesize corticoids from en- 
dogenous precursors, to reinvestigate the role 
of 11P-HP as an intermediary in corticoid 
biosynthesis. Tracer amounts of 1 1P-HP-4- 
C14 were incubated in homogenates prepared 
in various media, and the degree of incorpora- 
tion into the cortisol and corticosterone 
formed was measured relative to that of com- 
parable experiments with tracer amounts of 
progesterone-C14 (labelled either at C-4 or 
C-21) and DOC-21-C14. The results of these 
studies demonstrate that while llp-HP may 
be converted to both cortisol and corticoster- 
one, comparison of the rates of conversion 
relative to progesterone and DOC indicate 
that in bovine adrenal tissue, 11P-HP is not 

a major intermediary in the biosynthesis of 
cortisol or corticosterone from progesterone. 

Methods. A. Preparation of homogenates. 
Bovine adrenal cortex tissue was homogenized 
in each of the following media, using pro- 
cedures previously described in detail ( 6) : 
(a )  0.025M sucrose, (b) 0.154M KC1 and 
(c) 0.154M NaCl. All media were buffered 
with M/150 Sorensen% phosphate (pH 7.2) 
and supplemented with niacinamide (.OOSNl) , 
sodium fumarate (.OOSM) , MgSOl (.005M), 
adenosine triphosphate (ATP) ( .OOlM) 
and diphosphopyridine nucleotide (DPN) 
(.0005M). B. Steroid substrates. The C14- 
progesterone (S.A. 1.60 x lo6 counts/min./ 
mg) and DOC-21-C14 (S.A. 1.55 x lo6 
counts/min./mg) employed in these studies 
were highly purified preparations and re- 
garded as radiochemically homogenous on the 
basis of our previous studies( 6) .  The 1 lp- 
HP-4-C14 employed was a highly purified 
crystalline sample, kindly supplied by Dr. 
Harold Levy of these institutions, and was de- 
rived from bovine adrenal perfusion of pro- 
gesterone-4-C14. The sample had been fully 
characterized by Dr. Levy on the basis of 
standard organic technics as well as by I.R. 
Upon subjecting this sample to paper chro- 
matography using a ligroin-toluene ( 1 : 1 ) / 
propylene glycol system, a modification of 
Zaffaroni(7), a single steroid zone was de- 
tected. Upon subsequent chromatogra- 
phy on silica, gel columns, eluting with large 
volumes of a benzene-ethyl acetate (1O:l) 
mixture, a single sharp symmetrical peak of 
radioactivity was observed which corre- 
sponded to the llp-HP and contained more 
than 99% of the radioactivity. The llp-HP 
employed had an original specific activity 
(S.A.) of 6.58 x l@ c./m./mg and a portion of 
this sample was diluted to S.A. of 1.55 x 106 
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c. ni. mg. C. I n c u b d o n  conditions. Homo- 
genate aliquots corresponding to 3 5  to 100 g 
tissue were added to reaction vessels contain- 
ing the radioactive steroid suspended in 0.3 
ml propylene glycol, and were incubated for 
2 hr with shrrking (gas phase. 100% O?). 
The radiosteroids were present in the various 
esperimcnts in ratios ranging from 1.1 to 4.6 
~ J X  per 100 g equivalents of tissue (equiva- 
lent to 400 ml homogenate). After incuba- 
tion the reactions were halted by the addition 
of 2 volumes of acetone. In each experiment 
aliquots of the same homogenate extracted 
without incubation served to measure the cor- 
tisol and corticosterone originally present in 
the homogenate. and thus permitted measure- 
ment of the net synthesis of these corticoids 
during the 2 hr period of incubation. D. Es- 
traction and isolation of corticoids. The pro- 
cedure employed has been previously de- 
scribed in detail ( 6 ) .  Briefly. this consisted 
of exhaustive extraction of homogenates with 
acetone and ethyl acetate. removal of the bulk 
of phospholipides by acetone-lIgC1, precipi- 
tation in the cold, followed by fractionation 
on silica gel columns. The radioactive frac- 
tions eluted from the column were then di- 
vided into 2 equal portions, one of which was 
reserved for the procedures described in “E”. 
The other portion was subjected to paper 
chromatography and the corticosterone and 
cortisol zones were cut out. eluted and re- 
chromatographed. These steroids were then 
acetylated and subjected to 2 successive paper 
chromatograms on systems suitable for the 
monoacetates. ‘4t this stage of fractionation 
the corticosterone acetate and cortisol acetate 
were considered to be sufficiently pure to pro- 
vide meaningful results concerning incorpora- 
tion of C14-substrates. The samples were 
counted (infinite thinness. using a flow-gas 
counter) and then quantitatively estimated 
using blue tetrazolium in a modified Nader- 
Buck procedure. E. Radiochemical homo- 
geneity of the corticosteroids. This was as- 
sessed by determining the S.A. of the corti- 
costeroids at various stages of purification. 
For this purpose, the portions of extracts re- 
maining (50%) were appropriately pooled as 
described in the discussion of results. The 
chromatography of the steroid alcohols and 

monoacetates, as described above, was re- 
peated on these pooled samples and the fol- 
lowing additional derivatives were prepared: 
for corticosterone, (a) oxidation of the corti- 
costerone-2 1 -acetate to 1 l-dehydrocortim- 
terone-2 1-acetate via CrOs (8) , and (b) sapo- 
nification of “a” to 1 1-dehydrocorticosterone 
by means of methanolic KHCOR (9) ; for cor- 
tisol, (a)  the cortisol-2 1-acetate was oxidized 
to cortisone acetate(8), and on the 11p-HP 
samples adrenosterone was prepared from the 
cortisol ( l o ) .  These derivatives were chro- 
matographed in appropriate paper systems 
( 7 )  , eluted, and S.A. determined. 

Results obtained upon incubation of C14- 
steroid substrates with bovine adrenal homo- 
genates are shown in Table I. In Ia, aliquots 
of a sucrose homogenate were incubated with 
an equal number of counts (2.4 x lo6 c./m.) 
of Cl4-1 LP-HP and CI4-DOC; results ob- 
tained with CI4-progesterone in identical su- 
crose homogenates in two other experiments 
are shown in Ib for comparison. It will be 
seen that whereas the incorporation of llp- 
H P-4-C1 in to cortisol or corticosterone could 
not be detected, incorporation of C1*-DOC 
into corticosterone and C14-progesterone into 
both corticosteroids is readily demonstrable. 
In I, the total number of pLM of C14-steroid 
substrate incubated were different; the 1 lp- 
HP had a higher S.A. and was present in low- 
est concentration. In 11, C14-1 lP-HP, C14- 
progesterone and CI4-DOC (all at a concen- 
tration of 2.8-2.9 p M  per 100 g tissue equiva- 
lent), were incubated in various homogenates 
all derived from the same pool of adrenocor- 
tical brei. In this experiment, C14-1 1p-HP 
was incorporated into both cortisol and cor- 
ticosterone in all media. However, C14-l lp- 
HP is incorporated into the corticosterone 
synthesized to a lesser extent than either C1*- 
progesterone or C14-DOC, independently of 
the type of media employed. With regard to 
the conversion of 11P-HP to cortisol relative 
to progesterone, the results differ depending 
upon the media used. In sucrose homoge- 
nates, wherein CI4-progesterone conversion to 
cortisol occurs a t  the greatest rate, progester- 
one is superior to 11p-HP in confirmation of 
the results obtained in I. When homogenates 
are prepared with ionic media, C14-progester- 
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TARTX I .  Proilllets Isolated froin Bovine Adrenocortical Hoinogenates Prepared i n  Various Media and  
Incubated with C"-Substrates. 

GI4- substrate 
added/100 g 

tissue 

A &I 

c 

2.47 
2.36 

.a; 

.80 

1.47 

1.47 

1.47 

1.97 
2.08 

2.36 

Sucrose 1.89 .71 
9 ,  2.50 .76 

2.12 1.52 1 ,  

1 9  2.60 2.58 

1 9  

KC1 
NaCl 
Sucrose 
KC1 
KaC1 
Sucrose 
KC1 
KaC1 

2.39 3 7  
.69 1.16 
.97 .70 

1.31 .89 
.68 .82 

1.18 .77 
1.98 .76 
1.04 1.09 
1.02 .82 

KC1 .88 .74 
11 2.09 1.16 

11 1.52 1.20 

S.A. B 
S.A. F 
-- 

<0.2 <0.2 
415 <0.5 

76 27 

123 52 

21 4 
13 '7 
29 '7 
51 18 
34 2 
81 4 

137 <0.5 
45 " 

72 " 

21 9.G 
182 9.5 

145 <0.5 

257 

57 28 

76 32 

14 7 
29 9 
46 16 
62 33 
80 5 

110 8 
107 

67 
110 

37 20 
139 13  

148 

2.0 

2.3 

1.9 
3.4 
3.0 
1.9 

17.0 
13.6 

1.9 
10.7 

* Sptvific activity (S.A.), cts/niin./pg: llp-HP, in  I 6580, in  I1 and I11 1550; progesterone 1600; 
DOC 1550. 

t €3 I= cwrticosterone. $ F = cortisol. 

one conversion to cortisol is markedly re- 
duced. whereas that of 11P-HP is little af- 
fected: the net result is that under these con- 
ditions V 4 - l  lp-HP is incorporated into the 
cortisol formed a t  an equal or greater extent 
than C14-progesterone. To check this result, 
in 111 aliquots of an homogenate prepared in 
KCl were incubated with C14-11P-HP, CI4- 
progesterone and C14-DOC. The results with 
regard to incorporation into the cortisol syn- 
thesized were essentially similar to those ob- 
tained in 11. 

Table T shows incorporation of C14-steroids 
into corticosteroids, based upon radioactivity 
present following chromatography of cortisol 
and corticosterone as the free steroid alcohol 
and as the monoacetate. To determine 
whether the corticosteroids isolated from 118- 
H P  incubations were radiochemically homo- 
geneous at this stage of purification, 50% por- 
tions of the original column eluates of the 
ZlP-HP incubations were combined to obtain 
separate pools of the ionic and sucrose incu- 

bations. For comparison the eluates from 
Cl*-progesterone incubations were likewise 
pooled. These pooled samples were chro- 
matographed, derivatives prepared, and re- 
chromatographed at  each stage. The specific 
activities of these samples a t  various stages 
are shown in Table 11, from which i t  will be 
seen that the cortisol and corticosterone from 
the sucrose incubations may be considered 
radiochemically homogeneous a t  the acetate 
stage. However, the homogeneity of the 
products of the incubations in ionic media re- 
mains questionable despite the fairly rigorous 
purification procedures. 

It seems clear from the S.A. 
data in Table 11, that llP-HP-4-Cl4 can be 
converted to both cortisol and corticosterone 
in the systems employed. The question then 
arises whether 11P-HP is a major intermedi- 
ary in the reaction sequence, progesterone to 
cortisol or corticosterone. I t  is a biochemical 
maxim that in any reaction sequence a postu- 
lated intermediary reaction should proceed a t  

Discussion. 
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TA4131,E TI. Specific Activities of Products Pe -  
i . i w r 1  f roil1 C"-llp-HP and  Progesterone a t Suc- 

cessive Stages of Purificntioii. 

S. A. cou 11 t s/nii ii./pg 
S 11 c r o se Ionic 

incuh:\ t ioiis iiicuba tioils+ 
Proclucts I--> \ 

derived from P r ogvs - Propi-+ 
C14-substratcs l l p - H P  teroiic. 11p-IIP teroiw 

35 
18 

10 

I 

49 
46 

11 

11 
8 

1 3 

39 
31 
:3t; 

3 tj 
3 2 

(4 
(i 8 

t i  7 

- -  a;) 

11 

4 

154 
140 

-18 

a rate equal to (if not greater than) the rate 
of the overall process. From this point of 
view, i t  is clear that 11P-HP cannot be the 
major intermediary in the conversion of pro- 
gesterone to corticosterone. since under all 
conditions studied, the conversion rates were 
less than those obtained with progesterone or 
the alternative intermediary. DOC'. On the 
other hand, DOC is converted to corticoster- 
one at  rates equal to or exceeding those of 
Progesterone. 

The role of 11p-HP as an intermediary in 
cortisol production is more difficult to inter- 
pret because the incorporation of C1*-proges- 
terone into cortisol is influenced by the nature 
of the homogenate preparation. In sucrose 

nous cortisol production is not diminished the 
incorporation of C14-progesterone is markedly 
reduced. This is also evident from the fact 
that with CI*-progesterone the ratio of S.A.'s 
of cor ticosterone/cortisol is increased from 
about 2 in sucrose to 11-17 in ionic media. 

To determine the significance of llp-HP as 
cortisol intermediary, one must decide which 
type of homogenate most nearly exhibits the 
pattern of corticosteroidogenesis observed in 
the intact adrenocortical cell. Fortunately, 
data are available to help decide between 
these alternatives. In experiments wherein 
('"-progesterone was perfused through bovine 
adrenals( l l ) ,  i t  was found that the S.A. ratio 
of the products formed (S.A. corticosterone/ 
S.A. cortisol), was 1.5: this is of the same 
order of magnitude as in the sucrose homoge- 
nates. Thus i t  would appear that the com- 
ponents involved are organized in sucrose 
homogenates in a manner that is similar to 
the arrangement in intact cells of the perfused 
gland, whereas the conditions in the homo- 
genates prepared with ionic media are "ab- 
normal" relative to intact cells. From these 
considerations, the conclusion emerges that 
I Ip-HP. while capable of being converted to 
cortisol by adrenal enzymes. is not a major 
intermediary in the formation of cortisol from 
progesterone in the cow gland. 

Summary. Trace amounts of P - 1  lp-hy- 
droxyprogesterone, Cl*-progesterone, and CI4- 
DOC were incubated with homogenates of 
adrenocortical tissue prepared in various me- 
dia. These homogenates, which synthesize 
corticoids from endogenous precursors, hy- 
tl roxy la ted C 4- 1 1 p -  hydroxyproges terone at 
both the C-21 and C-17 positions. producing 
cortisol and corticosterone. However, the 
limited extent of these conversions relative to 
that of known precursors (progesterone and 
DOC) indicates that 1 lp-hydroxyprogesterone 
is not a major intermediary in the biosynthe- 
sis of these corticoids from progesterone. 
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,Anti-hypertensive Action of 17-Imidazolyl-steroids in the Rat. (23824) 

F. hl. STURTEVANT 
Division of Biological Research, G .  D .  Searle 6 Co., Chicago, Ill. 

Metacorticoid hypertension is a self-sus- 
taining cardiovascular disease attained in rats 
some 3 months after the implantation of a de- 
soxycorticosterone acetate (DCA) pellet and 
the substitution of saline for drinking water. 
In many respects, this type of hypertension 
appears similar to essential hypertension in 
man( 1 )  and responds to treatment with vari- 
ous drugs active in the human disease(2,3). 
In addition, certain steroids (4-6) and steroid- 
analogs ( 7 )  have been reported to exert tran- 
sient depressor effects in metacorticoid hy- 
pertension. The present report describes 
similar activity in a new series of compounds, 
1 7-imidazolyl-androstenes( 8). 

Acute experiments. This study utilized 70 
male, Sprague-Dawley rats that had received 
subcutaneously a 40 mg wax pellet containing 
20 mg DCA at least 3 months previously and 
that had been maintained on 0.86% NaCl 
solution and Rockland Rat Diet ad libitum. 
Saline and food were not removed during the 
course of the experiment. The systolic blood 
pressures of treated rats were estimated with- 
out anesthesia or heating using a photoelectric 
tensometer(9) before and 2, 4 and 6 hours 
after treatment, and were compared to simul- 
taneous readings from propylene glycol-in- 
jected controls. Pressure readings on individ- 
uaI rats were made in ignorance of the injec- 
tion the rat had received and of the previous 
pressure reading. Each test usually consisted 
of 4 treated and 4 control rats run simul- 
taneously by one person on the same ten- 

someter in a darkened room, with injections 
made by a different person. In order to 
minimize leakage, subcutaneous injections 
were always made at least 60 mm from the 
site of skin puncture with a 20  g hypodermic 
needle. The following 6 steroids were injected 
in a total of 35 rats as 1% solutions in propy- 
lene glycol at a dosage of 20 mg/kg body 
weight : 

Y 

A B C  D A  
SC-4200 O H  H H H 5  

-4225 0 H CH, H 4 
-4577 0 H H  OH 4 
-6243 0 H H  H 4  
-6255 O H  H CH, H 5 
-6307 0 O H  O H  4 

Table I lists the mean pretreatment blood 
pressures and the changes observed after 
treatment with the 6 steroids; all control data 
are pooled. The probability values were read 
from Fisher’s Table I( 10) after applying the 
rank-sum test(l1) to the blood pressure 
changes. On this basis, significant hypoten- 
sive effects were produced only by SC-4200 


